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Fertility prediction models and IVF access

Review question

What is the predictive performance of clinical prediction models for assessing the chances of
live birth for people with health-related fertility problems using:

e expectant management,
¢ intrauterine insemination (IUl),
¢ |VF with or without intracytoplasmic sperm injection (ICSI)?

Introduction

People with health-related fertility problems often would like to know their chances of a live
birth before starting IUI or IVF treatment. Clinical prediction models that estimate the
expected reproductive outcomes after fertility treatment cycles can be useful in making an
informed choice. Clinical prediction models are evolving continuously with new models being
developed. Therefore, the aim of this review is to determine if clinical prediction models can
predict the chances of live birth for people with health-related fertility problems based on the
latest available evidence. Furthermore, using selected prediction models, a new economic
model was developed to estimate the cost-effectiveness of IVF treatment cycles compared to
expectant management.

Summary of the protocol

See Table 1 for a summary of the Population, Prognostic factors, Intervention, Comparison
and Outcome characteristics of this review.

Table 1: Summary of the protocol
People with a health-related fertility problem

Clinical prediction models that include (or control for) at least 2 of the following
core set of factors:

o Female age

o Duration of subfertility
o Cause of subfertility

e Pregnancy history

External validation of clinical prediction models, including:
o Hunault model

o McLernon model

o Nelson and Lawler model

o Templeton model

e van Loendersloot model

o Expectant management

e Intrauterine insemination (1UI)

o |VF with or without intracytoplasmic sperm injection (ICSI)
N/A

Critical

e Live birth (as defined by study)

Data will be extracted on model performance:
e Discrimination:

6
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o Concordance (C) statistic or area under the curve (AUC) with 95%
confidence interval

o D-statistic and standard error

e Calibration:
o number of observed (O) and expected (E) events
o total O:E ratio

Important

None
IVF: in vitro fertilisation; N/A: not applicable

For further details see the review protocol in appendix A.

Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document (supplementary
document 1).

Where there was discrimination and calibration data from multiple external validation studies
for the same clinical prediction model, estimates of discrimination (ability of the model to
distinguish between people who had a live birth and those who did not) and calibration
(agreement between predicted outcomes and observed outcomes) were meta-analysed.

A modified GRADE approach was used for this review. Risk of bias and applicability
(indirectness) were assessed with the Prediction model Risk Of Bias ASsessment Tool
(PROBAST). Inconsistency was assessed using the prediction interval. The judgement of
precision was based on the confidence intervals (Cls) of the C-statistic and O:E ratios. The
minimally important differences of 0.75 for the C-statistic and a range of 0.8-1.2 for the
observed:expected (O:E) ratio were used (based on definitions of ‘good’ discrimination and
calibration in Debray et al. 2017). For judging imprecision of the model performance data in
terms of the C-statistic, outcomes were downgraded once or twice based on the number of
these thresholds that were crossed by the ClI: C-statistic <0.6 poor discrimination; C-statistic
0.6-0.75 possibly helpful discrimination; C-statistic >0.75 clearly useful discrimination.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

Clinical prediction model evidence

Included studies

Twenty studies were included for this review: 4 studies developed and/or validated clinical
prediction models for assessing the chances of live birth for people with health-related fertility
problems using expectant management (Collins 1995, Hunault 2005, Nguyen 2022, Snick
1997); 1 study examined the predictive performance of a clinical prediction model for
intrauterine insemination (IUI) (Hansen 2016); and 15 studies developed and/or validated
clinical prediction models for IVF (Arvis 2012, Balachandren 2020, Bhattacharya 2021,
Devroe 2020, Dhillon 2016, Hamdine 2015, La Marca 2021, Leijdekkers 2018, McLernon
2016, Meijerink 2016, Nelson 2011, Ratna 2023, Rongieres 2015, Sarais 2016, Smith 2015).

The included studies are summarised in Table 2.

Many of the included studies report data for more than 1 model and include a range of
development and validation (internal and external) design components.

Of the 4 studies examining the predictive performance of clinical prediction models for
expectant management: 1 study described model development with internal validation

7
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(Collins 1995); 1 study reported performance data for model development only, and was
validated using data from Collins 1995 (Snick 1997). Two studies described validation of the
previously developed Hunault (2004) model (Hunault 2005, Nguyen 2022). To note, the
Hunault (2004) model was developed using data from 2 of the model development studies
included in this review (Collins 1995, Snick 1997) and another study that could not be
included in this review as relevant model performance data was not reported (Eimers 1994).
The Hunault (2004) model development study could also not be included as model
performance data was not reported in an extractable format, but external validation of this
model is captured in this review. Hunault 2005 also describes external validation of an
alternative Hunault (2004) model that includes the post-coital test (PCT) variable. Nguyen
2022 reported model performance data for the addition of a new predictor (anti-Mullerian
hormone, AMH) to the Hunault (2004) model.

One study (Hansen 2016) reported relevant performance data for a clinical prediction model
for IUl and this study described model development only with no internal or external
validation.

Of the 15 studies examining the predictive performance of clinical prediction models for IVF,
4 studies described validation of the previously developed Templeton (1996) model (Arvis
2012, Nelson 2011, Rongieres 2015, Smith 2015). Two of these studies also reported data
for centre-specific fitting of the Templeton model based on exactly the same variables (Arvis
2012, Rongieres 2015). The original model development study of Templeton (1996) did not
meet inclusion criteria for this review as only goodness-of-fit was reported. Two studies
(Arvis 2012, Nelson 2011) additionally reported model development data for adding new
predictors to the Templeton model. Furthermore, 1 study (Rongieres 2015) described
external validation for the Templeton-Arvis model (developed in Arvis 2012), and 1 study
(Smith 2015) described external validation for the Nelson and Lawler model (developed in
Nelson 2011). One study also described model development and internal validation data for
adding new predictors and removing predictors from the Templeton model with the aim of
developing a 'simplified' model (Rongieres 2015). One study (McLernon 2016) described
model development with internal validation of a pre-treatment model and a ‘post-treatment’
model that included data from the first fresh embryo transfer to update predictions for
subsequent cycles. Three studies described validation of the McLernon pre-treatment model
(Bhattacharya 2021, Leijdekkers 2018, Ratna 2023) and 2 studies described external
validation of the post-treatment McLernon model (Leijdekkers 2018, Ratna 2023). One study
(Leijdekkers 2018) also described model development and internal validation for updated
versions of the McLernon pre-treatment and post-treatment models with additional new
predictors included. Two studies described validation of the previously developed van
Loendersloot (2013) model (Devroe 2020, Sarais 2016), and reported data for refitting the
van Loendersloot model based on the same variables but with re-estimation of predictor
weights for the participating clinic. One of these studies (Devroe 2020) additionally reported
model development and internal validation data for adding new predictors (IVF variables from
current cycle) to the van Loendersloot model. To note, the original van Loendersloot (2013)
model development study did not meet inclusion criteria for this review as it modelled
ongoing pregnancy, but the external validation studies used live birth instead of ongoing
pregnancy as the outcome of the van Loendersloot model. Two studies reported model
development and validation using separate data (Dhillon 2016, Meijerink 2016). Two studies
described model development with internal validation (Balachandren 2020, Hamdine 2015),
and 1 study described model development and internal validation of 3 models (La Marca
2021).

See the literature search strategy in appendix B and study selection flow chart in appendix C.

Excluded studies

Studies not included in this review are listed, and reasons for their exclusion are provided in
appendix J.

8
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Summary of included studies

Summaries of the studies that were included in this review are presented in Table 2.

Table 2: Summary of included studies.

Study
Arvis 2012

Cohort
(prospective);
1 infertility
clinic

France

Study dates:
January 2000-
June 2011

Intervention &
population

IVF

N participants:
NR
N cycles: 12901

Female age in
years, mean
(SD): NR,
median 33 (IQR
30-36)

Duration of
subfertility in
years, mean
(SD): 5.45 (2.6)

Cause of
subfertility: 48%
male factor
infertility; 16%
tubal; 15%
unexplained;
11% ovulatory;
10%
endometriosis

Primary infertility

(%):77

Predictors/factors in
model(s)

TM1 (and TM2)-

Validation of

Templeton model (with

centre-specific fitting):

e Duration of
subfertility (1 year; 4
years; 7 years; 13
years)

e Female age
(quadratic and cubic
polynomial
components of age)

e Pregnancy history
(previous LB with
IVF; previous non-
LB with IVF;
previous LB not by
IVF; previous non-
LB not by IVF)

e Previous IVF
treatment outcome
(number of previous
unsuccessful IVF
attempts)

e Cause of subfertility
(tubal factor)

Model development
(TM + additional
variables):

e Duration of
subfertility 1 year; 4
years; 7 years; 13
years)

e Female age
(quadratic and cubic
polynomial
components of age)

e Female BMI (>26 or
<18)

e Pregnancy history
(previous LB with
IVF; previous non-
LB with IVF;
previous LB not by
IVF; previous non-
LB not by IVF)

e Previous IVF
treatment outcome
(number of previous

9

Outcomes

e Discrimination:
C-statistic (95%

Comments

Definition of a

cycle: Fresh
only

IVF/ICSI: ICSI
Protocol

outcomes not
reported for
calibration.
Hosmer-
Lemeshow test
p-value level
reported for
TM1 (p<0.001)
and indicated
model under-
estimation of
LB. Calibration
slope reported
for TM2 and
model
development
and identical for
both (slope
0.96, 95% CI
0.88-1.51).
Calibration plot
for TM2
indicated good
calibration

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]
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Study

Balachandren
2020

Cohort
(retrospective);
1 tertiary
referral
hospital

UK

Study dates:
January 2014-
December
2016

Bhattacharya
2021

Cohort
(retrospective);
HFEA
database

UK

Study dates:
January-

Intervention &
population

IVF

N participants:
NR
N cycles: 516

Female age in
years, mean
(SD): NR,
median 35 (IQR
32-37)

Duration of
subfertility in
years, mean
(SD): NR

Cause of
subfertility: 39%
male factor
infertility; 39%
unexplained; 9%
tubal; 7%
endometriosis;
5% ovulatory;
2% other

Primary infertility
(%): 78
IVF

N participants:
9589
N cycles: NR

Female age in
years, mean
(SD): 34.1 (4)

Duration of
subfertility in
years, mean

Predictors/factors in

model(s)
unsuccessful IVF
attempts)

e Cause of subfertility
(tubal factor)

e Markers of ovarian
reserve (FSH>10)

e Smoking (smokes or
smoked in the past)

e Year (from 2011)

Timepoint when model
used: Pre-treatment

e Female age (36-37;
38-39; 40-42)

e Markers of ovarian
reserve (FSH>12;
AMH>8.5)

Timepoint when model
used: Pre-treatment

McLM1 - Validation of
McLernon model (pre-
treatment):

e Duration of
subfertility
(continuous)

e Female age
(continuous, as
restricted cubic
spline)

e Pregnancy history
(previous pregnancy
in couple yes/no)

10

Outcomes

e Discrimination:

C-statistic (95%
Cl)

e Discrimination:

C-statistic (95%
Cl)

Comments

Definition of a
cycle: Complete
(both fresh and
frozen)

IVF/ICSI: IVF or
ICSI

Other candidate
predictors
considered but
not included in
final model:
BMI, AFC
category,
duration of
infertility, cause
of infertility, and
previous
pregnancy

No calibration
data reported

Definition of a
cycle: Complete
(both fresh and
frozen)

IVF/ICSI: IVF or
ICSI

Protocol
outcomes not
reported for
calibration. For
the model
without

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]
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Study

December
2017

Collins 1995

Cohort
(prospective);
11 infertility
clinics

Canada

Study dates:
April 1984-
March 1987

Intervention &
population
(SD): NR,
median 3 (IQR 2-
6)

Cause of
subfertility: 42%
unexplained;
34% male factor
infertility; 10%
tubal; 9%
anovulation; 6%
endometriosis

Primary infertility
(%):59.5

Expectant
management

N participants:
2198
N cycles: NR

Female age in
years, mean
(SD): 29.5 (4.2)

Duration of
subfertility in
years, mean
(SD): 3.49 (2.25)

Cause of
subfertility: Some
participants
appear in more
than 1 diagnosis
group: 45%
ovulatory; 27%
male factor
fertility problem
(20%
oligospermia and
7%
azoospermia);
26%
unexplained;
26% tubal; 14%
endometriosis

Primary infertility
(%): 78

Predictors/factors in
model(s)

e Cause of subfertility
(tubal; male factor;
unexplained;
anovulatory)

e Male factor infertility
(yes/no)

e Number of cycles
(cycle number)

e Treatment type (IVF
or ICSI)

e Year of first egg
retrieval (as
restricted cubic
spline)

Timepoint when model
used: Pre-treatment

e Duration of
subfertility (<36
months)

e Female age (<30
years)

e Pregnancy history
(secondary infertility)

e Cause of subfertility
(tubal;
endometriosis)

e Male factor
(oligospermia or
azoospermia)

Timepoint when model
used: Pre-treatment

11

Outcomes

e Discrimination:
C-statistic (95%
Cl)

Comments

recalibration, the
calibration slope
(0.78, 95% CI
0.70-0.87),
calibration
intercept (-0.58,
95% CI -0.63 to
-0.52) and
calibration plot
indicated model
over-estimation
of LB

No model
performance
data reported for
the recalibrated
model

Combined
untreated
couples with
observations
before treatment
for treated
couples

Other candidate
predictors
considered but
not included in
final model:
Male income;
laparoscopy
status; ovulatory
defect; previous
male treatment;
female income;
previous female
treatment; coital
frequency

No calibration
data reported

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]
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Study
Devroe 2020

Cohort
(retrospective);
1 infertility
clinic
(university
hospital)

Belgium

Study dates:
2010-2018

Intervention &
population

IVF

N participants:
591
N cycles: 1281

Female age in
years, mean
(SD): 34.4 (4.5)

Duration of
subfertility in
years, mean
(SD): 3.4 (2.2)

Cause of
subfertility: 54%
male infertility
[24%
endometriosis;
unclear if primary
cause of
infertility]

Primary infertility
(%):66

Predictors/factors in
model(s)

VLM (and VLM2)-

Validation of van

Loendersloot model

(with centre-specific

fitting):

e Duration of
subfertility
(continuous; 5 years)

e Female age
(continuous)

e Pregnancy history
(previous delivery
yes/no)

e Previous IVF
treatment outcome
(number of previous

Outcomes

e Discrimination:
C-statistic (95%
Cl)

failed IVF/ICSI
cycles: 0; 1; 2; 3; 4;
5)

e Markers of ovarian
reserve (FSH
continuous; FSH<10)

o Male factor infertility
(yes/no)

e Embryo quality
(morphological score
of all embryos day 3
in previous cycle)

e Embryo grade (8-cell
embryo on day 3 in
previous cycle
yes/no; morulae at
day 3 in previous
cycle yes/no)

e Number of oocytes
retrieved (number of
embryos after oocyte
retrieval in previous
cycle; 210 embryos
after oocyte retrieval
in previous cycle
yes/no)

e Endometriosis
(yes/no)

Model development
(VLM + additional
variables):

e Duration of
subfertility
(continuous; 5 years)

e Female age
(continuous)

e Pregnancy history
(previous delivery
yes/no)

12

Comments

Definition of a
cycle: Complete
(both fresh and
frozen)

IVF/ICSI: IVF or
ICSI

Protocol
outcomes not
reported for
calibration. For
VLM, the
calibration slope
(0.64, 95% CI
0.47-0.81),
intercept (0.20,
95% CI -0.14-
0.53), and
calibration plot
indicated model
under-
estimation of
LB. For VLM2
and model
development,
the calibration
slope (VLM2: 1,
95% CI1 0.79-
1.21; model
development: 1,
95% CI 0.83-
1.17), intercept
(VLM2: 0, 95%
Cl-0.23-0.23;
model
development: 0O,
95% CI -0.18-
0.18) and
calibration plot
indicated good
calibration

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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Intervention &

Study population

Dhillon 2016 IVF

Cohort N participants:
(retrospective); 9915
CARE N cycles: 9915
database
Female age in
UK & Ireland years, mean
(SD): 34.6 (5.4)
Study dates: Duration of
2008-2012 subfertility in

Predictors/factors in
model(s)

e Previous IVF
treatment outcome
(number of previous

Outcomes

failed IVF/ICSI
cycles: 0; 1; 2; 3; 4;
5)

e Markers of ovarian
reserve (FSH
continuous; FSH=<10)

o Male factor infertility
(yes/no)

e Embryo quality
(morphological score
of all embryos day 3
in previous cycle)

e Embryo grade (=1 8-
cell embryo on day 3
in previous cycle; 21
morula on day 3 in
previous cycle; 21 8-
cell embryo on day 3
in current cycle; 21
morula on day 3 in
current cycle)

e Number of oocytes
retrieved (number of
embryos after oocyte
retrieval in previous
cycle; number with
210 embryos after
oocyte retrieval in
previous cycle;
number of embryos
after oocyte retrieval
in current cycle;
number with 210
embryos after oocyte
retrieval in current
cycle)

e Endometriosis
(yes/no)

Timepoint when model
used: After 1st cycle

e Duration of ¢ Discrimination:
subfertility (0-4 C-statistic (95%
years; 25 years) Cl)

e Female age (<36
years; >36 years)

e BMI (continuous)

e Pregnancy history
(previous live birth;
previous
miscarriage)

e Cause of subfertility
(male factor; tubal

13

Comments

Definition of a

cycle: Fresh
only

IVF/ICSI: IVF or
ICSI

Protocol

outcomes not
reported for
calibration. For
the model

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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Study

Hamdine 2015

Cohort
(retrospective);
1 infertility
clinic
(university
hospital)

Netherlands

Study dates:
2006-2011

Hansen 2016

Intervention &
population
years, mean
(SD): 2 (2)

Cause of
subfertility: Some
participants
appear in more
than 1 diagnosis
group: 57% male
factor infertility;
30%
unexplained;
15% tubal; 11%
anovulation; 30%
other (e.g.
endometriosis,
fibroids)

Primary infertility
(%): 84
IVF

N participants:
487
N cycles: 1363

Female age in
years, mean
(SD): 34.6 (4.3)

Duration of
subfertility in
years, mean
(SD): 3.2 (2.1)

Cause of
subfertility: 43%
male factor; 36%
unexplained;
15% tubal; 2%
endometriosis;
5% other

Primary infertility
(%):70

Ul

Predictors/factors in
model(s)
factor; anovulation;
unexplained; other)

e Markers of ovarian
reserve (AFC
continuous; AFC
squared)

e Male factor infertility
(yes/no)

e Ethnicity (white;
Asian; black;
Chinese; other; not
stated; mixed)

Timepoint when model
used: Pre-treatment

e Female age
(continuous)

e Pregnancy history
(primary infertility;
secondary infertility)

e Previous IVF
treatment outcome
(number of previous
ART treatments)

e Markers of ovarian
reserve (AMH
continuous)

Timepoint when model
used: Pre-treatment

e Duration of
subfertility

14

Outcomes

e Discrimination:
C-statistic (95%
Cl)

e Discrimination:
C-statistic (95%
Cl)

Comments

without
recalibration, the
calibration slope
(1.13, 95% ClI
0.89-1.37),
intercept (-0.17,
95% CI -0.25 to
-0.08) and
calibration plot
indicated model
over-estimation
of LB

Definition of a
cycle: Complete
(both fresh and
frozen)

IVF/ICSI: IVF or
ICSI

Other candidate
predictors
considered but
not included in
final model:
BMI, smoking
status, duration
of infertility,
cause of
subfertility,
number of
previous
pregnancies and
deliveries, type
of treatment
(IVF or ICSI)

No calibration
data reported

Model predicting
cumulative birth
rate after 1-6
cycles over a 1-
year period

Secondary
analysis of RCT
(Diamond 2015)
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Study

Cohort
(retrospective);
12 university
hospital
infertility clinics

us

Study dates:
2010-2013

Hunault 2005

Cohort
(prospective);
2 university
hospitals

Netherlands

Study dates:
January 1998-
August 2002

Intervention &
population

N participants:

900

N cycles: 2572

Female age in
years, mean
(SD): 32.2 (4.3)

Duration of
subfertility in
years, mean
(SD): 2.9 (2.1)

Cause of
subfertility: 100%
unexplained

Primary infertility
(%): 80

Expectant
management

N participants:
302
N cycles: NR

Female age in
years, mean
(SD): NR,
median 32 (IQR
29-35)

Duration of
subfertility in
years, mean
(SD): NR,

Predictors/factors in

model(s)
(continuous; in
months)

e Female age
(continuous)

e Pregnancy history
(prior loss yes/no)

e Ovarian stimulation
agent (clomifene
citrate; letrozole;
gonadotropin)

e Income (<$50,000;
2$50,000)

[Cause of subfertility
not a variable in model
but unexplained for all
participants]

Timepoint when model
used: Pre-treatment

HM1 - Validation of
Hunault 2004 model
(without PCT):

e Duration of
subfertility (1 year; 2
years; 3-4 years; 5-6
years; 7-8 years)

e Female age (21-25
years; 26-31; 32-35;
36-37; 38-39; 40-41)

e Pregnancy history
(secondary infertility;
primary infertility)

e Sperm motility
(260%; 40-59%; 20-
39%; 0-19%)

15

Outcomes

¢ Discrimination:
C-statistic (95%
Cl)

e Calibration:
number of
observed and
expected
events and O:E
ratio

Comments

Other candidate
predictors
considered but
not included in
final model: BMI
(female), BMI
(male), waist
circumference,
waist-to-hip
ratio, ethnicity,
race, education,
smoking,
alcohol use,
total motile
sperm, prior
conception, prior
parity, prior
infertility
therapy, AMH,
Emotion domain
score of the
FertiQol

Protocol
outcomes not
reported for
calibration.
Hosmer-
Lemeshow test
p-value (p=0.99)
indicated good
calibration

Time
period/number
of cycles over
which outcome
predicted: Up to
4 cycles

Hunault 2004
used data from
Collins (1995),
Snick (1997)
and Eimers
(1994) to
develop model

Time period
over which
outcome
predicted: 1
year
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Study

La Marca 2021

Cohort
(retrospective);
HFEA
database

UK

Study dates:
1991-2011

Intervention &
population
median 2 (IQR
1.5-3)

Cause of
subfertility: NR
(inclusion criteria
unexplained,
mild male factor,
or cervical factor)

Primary infertility
(%): 63

IVF

Model 1:

N participants:
57699

N cycles: 57699
Model 2:

N participants:
52960

N cycles: 52960
Model 3:

N participants:
50870

N cycles: 50870

Female age in
years, mean
(SD): NR

Duration of
subfertility in
years, mean
(SD): NR

Predictors/factors in
model(s)

o Referral status
(secondary-care
couple; tertiary care
couple)

HM2 - Validation of
Hunault 2004 model
(with PCT):

e Duration of
subfertility (1 year; 2
years; 3-4 years; 5-6
years; 7-8 years)

e Female age (21-25
years; 26-31; 32-35;
36-37; 38-39; 40-41)

e Pregnancy history
(secondary infertility;
primary infertility)

e Sperm motility
(=60%; 40-59%; 20-
39%; 0-19%)

o Referral status
(secondary-care
couple; tertiary care
couple)

e Post-coital test
(normal; abnormal)

Timepoint when model
used: Pre-treatment

Model 1 (pre-
treatment):

e Duration of
subfertility (<1 year;
1-3; 4-6; 7-9; 10-12;
>12)

e Female age (18-34;
35-37; 38-39; 40-42;
43-44; 45-50)

e Pregnancy history
(female primary
infertility yes/no)

e Cause of subfertility
(unknown; low
sperm count only;
ovulatory only; tubal
disease only; other)

Model 2 (current cycle
variable added to pre-
treatment model):

e Duration of
subfertility (<1 year;
1-3; 4-6; 7-9; 10-12;
>12)

16

Outcomes

e Discrimination:

C-statistic (95%
Cl)

Comments

Definition of a

cycle: Fresh
only

IVF/ICSI: IVF or
ICSI

Data reported
separately for
development
and validation
sample
(random-split of
sample),
extracted data
for the internal
validation
sample

Protocol
outcomes not
reported for
calibration.
Hosmer-
Lemeshow test
p-value for
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Intervention & Predictors/factors in Comments
Study population model(s) Outcomes

CerEB @i « Female age (18-34; model 1 (p=0.2)
subfertility: NR 35-37; 38-39; 40-42; and model 2
43-44; 45-50) .(p:p_gt) oo
Primary infertility e Pregnancy history indicated goo
(%): NrI% ’ (female primary calibration. For
infertility yes/no) model 3, the p-

e Cause of subfertility ;;ac;?czt(gd gr(\) R
(unknown; low imperfect fit
sperm count only;
ovulatory only; tubal
disease only; other)

e Number of oocytes
retrieved (1-4; 5-9;
10-14; 15-19; 220)

Model 3 (current cycle
variables added to pre-
treatment model):

e Duration of
subfertility (<1 year;
1-3; 4-6; 7-9; 10-12;
>12)

e Female age (18-34;
35-37; 38-39; 40-42;
43-44; 45-50)

e Pregnancy history
(female primary
infertility yes/no)

e Cause of subfertility
(unknown; low
sperm count only;
ovulatory only; tubal
disease only; other)

e Number of oocytes
retrieved (1-4; 5-9;
10-14; 15-19; 220)

e Number of embryos
created (1-4; 5-9;
10-14; 15-19; 220)

Timepoint when model

used:

Model 1: Pre-treatment

Model 2: During 1st

cycle (after oocyte

retrieval)

Model 3: During 1st

cycle (after embryos

created)
Leijdekkers IVE McLM1 - Validation of e Discrimination:  Definition of a
2018 McLernon model (pre- C-statistic (95% cycle: Complete

N participants: treatment): Cl) (both fresh and

Cohort 1511 e Duration of frozen)

(retrospective); N cycles: 2881 subfertility
(continuous, range

17
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Study
25-27 infertility
clinics

Netherlands

Study dates:
May 2011-May
2014

Intervention &
population
Female age in
years, mean
(SD): 33.5 (5)

Duration of
subfertility in
years, mean
(SD): NR.
McLM1 &
McLM2: median
2 (IQR 2-3)
Model
development 1:
median 3 (IQR 2-
4)

Model
development 2:
median 4 (IQR 2-
5)

Cause of
subfertility: 56%
male factor; 35%
unexplained;
11% tubal factor;
4%
endometriosis

Primary infertility
(%): NR

Predictors/factors in

model(s)
of possible values 0-
21)

e Female age
(continuous, range
of possible values
18-50)

e Pregnancy history
(previous pregnancy
in couple yes/no)

e Cause of subfertility
(tubal factor;
anovulation; male
factor; unexplained)

e Male factor infertility
(yes/no)

e Number of cycles
(cycle number)

e Treatment type (IVF
or ICSI)

¢ Year of first egg
retrieval (as
restricted cubic
spline)

McLM2 - Validation of
McLernon model
(post-treatment):

e Duration of
subfertility
(continuous, range
of possible values 0-
21)

e Female age
(continuous, range
of possible values
18-50)

e Pregnancy history
(primary infertility of
couple yes/no)

e Cause of subfertility
(tubal factor yes/no)

e Embryo grade (1st
fresh embryo
transfer: no embryos
transferred; single
cleavage stage;
single blastocyst
stage; double
cleavage stage;
double blastocyst
stage; triple
cleavage stage;
triple blastocyst
stage)

e Number of eggs
collected in 1st cycle

18

Outcomes

Comments

IVF/ICSI: IVF or
ICSI

Data from
OPTIMIST trial
(van Tilborg
2017) used for
external
validation of
McLM.

External
validation
performed on
cycles 1-3 (18
month follow-up)
and data from
cycles 4-6
excluded from
analysis

Protocol
outcomes not
reported for
calibration. For
external
validation of the
pre-treatment
model (McLM1)
without
recalibration, the
calibration slope
(0.98, 95% ClI
0.69-1.27),
intercept (-0.23,
95% CI -0.36 to
-0.10) and
calibration plot
indicated model
over-estimation
of LB. For
external
validation of the
post-treatment
model (McLM2),
the calibration
slope (0.97,
95% CI 0.77-
1.19), intercept
(-0.01, 95% CI -
0.12-0.11) and
calibration plot
indicated good
calibration

Calibration data
not reported for
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(range of possible model
values 1-28) development

e Fresh or frozen
embryo transfer
(embryos frozen in
1st cycle yes/no)

o Number of cycles
(cycle number)

o Treatment type (IVF
or ICSI in 1st cycle)

o Year of first
complete cycle (as
restricted cubic
spline)

Model development
pre-treatment (McLM1
+ additional variables):

o Duration of
subfertility
(continuous, range
of possible values 0-
21)

o Female age
(continuous, range
of possible values
18-50)

o BMI (weight, kg)

e Pregnancy history
(previous pregnancy
in couple yes/no)

o Cause of subfertility
(tubal factor;
anovulation; male
factor; unexplained)

o Markers of ovarian
reserve (AMH, ng/l;
AFC, 2-10mm)

o Male factor infertility
(yes/no)

o Number of cycles
(cycle number)

o Treatment type (IVF
or ICSI)

o Year of first egg
retrieval (as
restricted cubic
spline)

Model development

post-treatment

(McLM2 + additional

variables):

o Duration of
subfertility

19
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Intervention &

Study population
McLernon IVF
2016

Predictors/factors in

model(s)

(continuous, range
of possible values 0-
21)

e Female age
(continuous, range
of possible values
18-50)

e Pregnancy history

(primary infertility of

couple yes/no)

Cause of subfertility

(tubal factor yes/no)

Markers of ovarian
reserve (AMH, ng/l;
AFC, 2-10mm)

Embryo grade (1st
fresh embryo
transfer: no embryos
transferred; single
cleavage stage;
single blastocyst
stage; double
cleavage stage;
double blastocyst
stage; triple
cleavage stage;
triple blastocyst
stage)

Number of eggs
collected in 1st cycle
(range of possible
values 1-28)

Fresh or frozen
embryo transfer
(embryos frozen in
1st cycle yes/no)

Number of cycles
(cycle number)

e Treatment type (IVF
or ICSl in 15t cycle)

Year of first
complete cycle (as
restricted cubic
spline)

Timepoint when model
used:

McLM1 & model
development 1: Pre-
treatment

McLM2 & model
development 2: After
1st cycle

Model 1 (pre-
treatment):

20

Outcomes

e Discrimination:
C-statistic (95%
Cl)

Comments

Definition of a
cycle: Complete
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Study

Cohort
(retrospective);
HFEA
database

UK

Study dates:
January 1999-
September
2008

Intervention &
population

N participants:
113873

N cycles: 184269
(complete
cycles)

Female age in
years, mean
(SD): 34.1 (5)

Duration of
subfertility in
years, mean
(SD): NR,
median 4 (IQR 3-
6)

Cause of
subfertility: 44%
male factor; 29%
unexplained;
23% tubal factor;
14%
anovulatory; 7%
endometriosis;
12% >1 type

Primary infertility
(%): NR

Predictors/factors in
model(s)

e Duration of
subfertility
(continuous)

e Female age
(continuous, as
restricted cubic
spline)

e Pregnancy history
(previous pregnancy
in couple yes/no)

e Cause of subfertility
(tubal factor;
anovulation; male
factor; unexplained)

o Male factor infertility
(yes/no)

e Number of cycles
(cycle number)

e Treatment type (IVF
or ICSI)

e Year of first egg
retrieval (as
restricted cubic
spline)

Model 2 (post-
treatment):

e Duration of
subfertility
(continuous)

e Female age
(continuous, as
restricted cubic
spline)

e Pregnancy history
(primary infertility of
couple yes/no)

e Cause of subfertility
(tubal factor yes/no)

e Embryo grade (1st
fresh embryo
transfer: no embryos
transferred; single
cleavage stage;
single blastocyst
stage; double
cleavage stage;
double blastocyst
stage; triple
cleavage stage;
triple blastocyst
stage)

Number of eggs
collected in 1st cycle
(as restricted cubic
spline)

21

Outcomes

Comments

(both fresh and
frozen)

IVF/ICSI: IVF or
ICSI

No meaningful
data reported for
calibration
(reported
calibration slope
but without 95%
Cl, intercept or
calibration plot,
this could not be
interpreted)

Cumulative
probability
estimated over
up to 6 complete
cycles

Women who
had no eggs
collected in 1st
cycle excluded
from post-
treatment model
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Study

Meijerink 2016

Cohort
(retrospective);
1 infertility
clinic
(university
hospital)

Netherlands

Study dates:
Development:
September
2007-May
2014
Validation:
August 2007-
September
2015

Intervention &
population

IVF

N participants:
Development:
526
Validation: 289
N cycles:

Development:
1006

Validation: 553

Female age in
years, mean
(SD):
Development:
324 (4.4)
Validation: 33.7
(4.5)

Duration of
subfertility in
years, mean
(SD):
Development:
3.46 (2.1)
Validation: NR

Cause of
subfertility: 100%
male factor

Primary infertility
(%):
Development:
82.5

Validation: NR

Predictors/factors in
model(s)

e Fresh or frozen
embryo transfer
(embryos frozen in
1st cycle yes/no)

e Number of cycles
(cycle number)

e Treatment type (IVF
or ICSI in 1st cycle)

e Year of first
complete cycle (as
restricted cubic
spline)

Timepoint when model
used:

Model 1: Pre-treatment

Model 2: After 1st
cycle

e Female age (age
squared)

e [Cause of subfertility
not included as
factor but inclusion
criteria male factor]

Sperm motility
(oocytes injected
with motile; immotile;
both motile and
immotile)

Male factor infertility
(suspected
diagnosis before
sperm retrieval:
obstructive
azoospermia; non-
obstructive
azoospermia)

Number of cycles
(cycle number)

Male hormones level
(LH continuous;
testosterone
continuous)

Timepoint when model
used: During 1st cycle
(after oocyte retrieval)

22

Outcomes

e Discrimination:
C-statistic (95%
Cl)

Comments

Definition of a
cycle: Complete
(both fresh and
frozen)

IVF/ICSI: ICSI

Inclusion criteria
restricted to
male factor
fertility problems
and ICSI

Validation data
collected from a
different centre

Other candidate
predictors
considered but
not included in
final model:
Type of infertility
(primary/second
ary); duration of
infertility
(months); parity
(n); average
menstrual cycle
length (days);
uterine
abnormalities
(yes/no); antral
follicle count
before
stimulation
(number of
follicles <11
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Study

Nelson 2011

Cohort
(retrospective);
HFEA
database

UK

Predictors/factors in
model(s)

Intervention &
population

IVE TM1 - Validation of
Templeton model:

N participants: e Duration of

NR subfertility (<1 year;

N cycles: 144018  1-3years; 4-6 years;
7-9 years; 9-12

ears; >12 years
Female age in i y )

years, mean
(SD): NR

23

Outcomes

e Discrimination:

C-statistic (95%
Cl)

Comments

mm); alcohol
use (self-
reported,;
yes/no) for male
and female;
smoking status
(self-reported;
yes/no) for male
and female; BMI
at baseline
(kg/m2) for male
and female;
male age
(years); male
inhibin B (ng/l);
male FSH (1U/1);
total testicular
volume (cc);
spermatozoa
(fresh or frozen—
thawed);
number of
oocytes
retrieved

Protocol
outcomes not
reported for
calibration.
Calibration
slope
(development:
1.07, 95% CI
0.89-1.25;
validation: NR),
intercept
(development:
0.02, 95% CI -
0.05-0.09;
validation: NR),
and p-value for
Hosmer-
Lemeshow test
(development:
p=0.79;
validation:
p=0.73)
indicated good
calibration

Definition of a
cycle: Fresh
only

IVF/ICSI: IVF or
ICSI

For model
development
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Study

Study dates:
January 2003-
December
2007

Intervention &
population

Duration of
subfertility in
years, mean
(SD): NR

Cause of
subfertility: NR

Primary infertility
(%): NR

Predictors/factors in
model(s)

e Female age (18-34;
35-37; 38-39; 40-42;
43-44; 45-50)

e Pregnancy history
(previous LB with
IVF; previous non-
LB with IVF;
previous LB not by
IVF; previous non-
LB not by IVF)

e Previous IVF
treatment outcome
(number of previous
unsuccessful IVF
attempts)

e Cause of subfertility
(tubal factor)

Model development
(TM + additional
variables):

e Duration of
subfertility (<1 year;
1-3 years; 4-6 years;
7-9 years; 9-12
years; >12 years)

e Female age (18-34;
35-37; 38-39; 40-42;
43-44; 45-50)

e Pregnancy history
(previous LB with
IVF; previous non-
LB with IVF;
previous LB not by
IVF; previous non-
LB not by IVF)

Previous IVF
treatment outcome
(number of previous
unsuccessful IVF
attempts)

Cause of subfertility
(unknown; tubal
only; anovulatory
only; endometriosis
only; cervical only;
male only;
combination known
causes)

e Number of cycles
(cycle number
1,2,3+)

e Treatment type (IVF
or ICSI)

e Hormonal

preparation

24

Outcomes

Comments

used 1000
bootstrap
replications but
estimates and
SEs ‘similar’ and
reported results
without
bootstrapping

Calibration data
not reported.
Calibration plots
indicated under-
estimation of LB
for TM1 and
good calibration
for model
development
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Study

Nguyen 2022

Cohort
(retrospective);
1 private
infertility clinic

Australia

Study dates:
January-
December
2012

Ratna 2023

Cohort
(retrospective);
HFEA
database

UK

Intervention &
population

Expectant
management

N participants:
325
N cycles: NR

Female age in
years, mean
(SD): 31.7 (4.7)

Duration of
subfertility in
years, mean
(SD): NR,
median 1.33
(IQR 1-2)

Cause of
subfertility: NR

Primary infertility
(%): 57.5

IVF

N participants:
91035
N cycles: 144734

Female age in
years, mean
(SD): 35 (4)

Predictors/factors in

model(s)
(antioestrogen;
gonadotropin;
hormone
replacement)

e Source of egg
(donor; participant)

Outcomes

Timepoint when model
used:

TM: Pre-treatment
Model development:
During 1st cycle (after
oocyte retrieval)
Validation of HM:

e Duration of

e Discrimination:
C-statistic (95%

subfertility Cl)
(continuous) ¢ Calibration:
e Female age number of
(continuous) observed and
i ted
e Pregnancy history expec _
(secondary infertility; ‘rae\llt‘ia;ts and O:E

primary infertility)
e Sperm motility
(continuous)

Model development
(HM + additional
variable):

e Duration of
subfertility
(continuous)

e Female age
(continuous)

e Pregnancy history
(secondary infertility;
primary infertility)

e Sperm motility
(continuous)

e Markers of ovarian
reserve (serum AMH
ng/ml)

Timepoint when model
used: Pre-treatment

McLM1 - Validation of
McLernon model (pre-

e Discrimination:
C-statistic (95%

treatment): Cl)
e Duration of e Calibration:
subfertility O:E ratio

(continuous, range
of possible values 0-
21)

e Female age
(continuous, range

25

Comments

Calibration data
only available
for validation of
HM (and not for
model
development of
HM + AMH)

Time period
over which
outcome
predicted: 1
year

Definition of a
cycle: Complete
(both fresh and
frozen)

IVF/ICSI: IVF or
ICSI

For validation of
post-treatment
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Study

Study dates:
January 2010-
December
2016

Intervention &
population
Duration of
subfertility in
years, mean
(SD): NR,
median 4 (IQR 2-
6)

Cause of
subfertility: 39%
male factor
infertility; 31%
unexplained;
15% tubal; 13%
anovulation; 7%
endometriosis;
12% >1 type

Primary infertility
(%):63

Predictors/factors in

model(s)
of possible values
18-50)

e Pregnancy history
(previous pregnancy
in couple yes/no)

e Cause of subfertility
(tubal; male factor;
unexplained;
anovulatory)

e Male factor infertility
(yes/no)

e Number of cycles
(cycle number)

e Treatment type (IVF
or ICSI)

e Year of first egg
retrieval (as
restricted cubic
spline)

McLM2 - Validation of
McLernon model
(post-treatment):

e Duration of
subfertility
(continuous, range
of possible values 0-
21)

e Female age
(continuous, range
of possible values
18-50)

e Pregnancy history
(previous pregnancy
in couple yes/no)

e Cause of subfertility
(tubal factor yes/no)

e Embryo grade (1st
fresh embryo
transfer: no embryos
transferred; single
cleavage stage;
single blastocyst
stage; double
cleavage stage;
double blastocyst
stage; triple
cleavage stage;
triple blastocyst
stage)

e Number of eggs
collected in 1st cycle
(continuous, range
of possible values 1-
28)

26

Outcomes

Comments

model, data
excluded from
analysis for
women with no
oocytes
collected in 1st
treatment cycle
(separate
McLernon
model for this

group)

Calibration
slope (McLM1:
0.74, 95% CI
0.72-0.76;
McLM2: 0.68,
95% CI 0.67-
0.7) and
calibration in the
large (McLM1:
0.014; McLM2: -
0.119) also
reported
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Study

Rongieres
2015

Cohort
(retrospective);
1 infertility
clinic

France

Study dates:
Prior to
December
2010

Intervention &
population

IVF

N participants:
NR
N cycles: 715

Female age in
years, mean
(SD): NR,
median 35.1
(IQR 31.1-38.7)

Duration of
subfertility in
years, mean
(SD): 1.93 (0.76)

Cause of
subfertility: 29%
unexplained;
12% tubal; 7%
IUI failure; 7%
endometriosis;
10% age>40;
36% >1 type

Primary infertility
(%):60

Predictors/factors in
model(s)

e Fresh or frozen
embryo transfer
(embryos frozen in
1st cycle yes/no)

e Number of cycles
(cycle number)

e Treatment type (IVF
or ICSI in 1st cycle)

e Year of first
complete cycle (as
restricted cubic
spline)

Timepoint when model
used:

McLM1: Pre-treatment
McLM2: After 1st cycle

TM1 (and TM2)-

Validation of

Templeton model (with

centre-specific fitting):

e Duration of
subfertility (1 year; 4
years; 7 years; 13
years)

e Female age
(quadratic and cubic
polynomial
components of age)

e Pregnancy history
(previous LB with
IVF; previous non-
LB with IVF;
previous LB not by
IVF; previous non-
LB not by IVF)

¢ Previous IVF
treatment outcome
(number of previous
unsuccessful IVF
attempts)

e Cause of subfertility
(tubal factor)

TMA- Validation of
Templeton model:

e Duration of
subfertility 1 year; 4
years; 7 years; 13
years)

e Female age
(quadratic and cubic
polynomial
components of age)

27

Outcomes

e Discrimination:
C-statistic (95%
Cl)

Comments

Definition of a

cycle: Fresh
only

IVF/ICSI: IVF or
ICSI

Protocol

outcomes not
reported for
calibration. No
calibration data
reported for
TM2 or model
development.
For TM1, the
calibration plot
and p-value for
the Hosmer-
Lemeshow test
(p=0.008)
indicated model
under-
estimation of
LB. For TMA,
the calibration
slope (0.93,
95% CI-0.47-
1.35) and
calibration plot
indicated good
calibration

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]



DRAFT FOR CONSULTATION
Fertility prediction models and IVF access

Study

Sarais 2016

Cohort
(retrospective);
1 infertility
clinic

Italy

Study dates:
January-
December
2013

Intervention &
population

IVF

N participants:
772
N cycles: 772

Female age in
years, mean
(SD): 36.9 (3.9)

Duration of
subfertility in
years, mean
(SD): 3.7 (1.3)

Cause of
subfertility: 30%
male factor; 27%
unexplained;
12%
endometriosis;

Predictors/factors in
model(s)

e Female BMI (>26 or
<18)

e Pregnancy history
(previous LB with
IVF; previous non-
LB with IVF;
previous LB not by
IVF; previous non-
LB not by IVF)

e Previous IVF
treatment outcome
(number of previous
unsuccessful IVF
attempts)

e Cause of subfertility
(tubal factor)

e Markers of ovarian
reserve (FSH>10)

e Year (from 2011)

Model development

(TM +/- variables):

e Pregnancy history
(previous LB with
IVF)

e Markers of ovarian
reserve (AMH
continuous)

e Year (from 2011)

Timepoint when model
used: Pre-treatment

VLM1 (and VLM2) -
Validation of van
Loendersloot model
(with centre-specific
fitting):

e Duration of
subfertility (=5 years)

e Female age
(continuous)

e Pregnancy history
(previous ongoing
pregnancy yes/no)

e Previous IVF
treatment outcome
(number of previous
failed IVF/ICSI
cycles)

e Markers of ovarian
reserve (FSH<10)

e Male factor infertility
(yes/no)

e Embryo quality
(morphological score

28

Outcomes

e Discrimination:

C-statistic (95%

cl)

Comments

Definition of a
cycle: Complete
(both fresh and
frozen)

IVF/ICSI: IVF or
ICSI

Protocol
outcomes not
reported for
calibration. For
VLM1, the
calibration plot
indicates under-
estimation of
LB. For VLM2,
the calibration
plot indicates
good calibration
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Study

Smith 2015

Cohort
(retrospective);
HFEA
database

UK

Study dates:
2008-2010

Intervention &
population

6% tubal factor;
25% >1 type

Primary infertility
(%): 87

IVF

N participants:
NR
N cycles: 130960

Female age in
years, mean
(SD): NR

Duration of
subfertility in
years, mean
(SD): NR

Cause of
subfertility: 35%
unexplained;
33% male factor;
12% tubal; 7%
ovulatory; 4%
endometriosis;
10% >1 type

Primary infertility
(%): 82

Predictors/factors in

model(s)
of all embryos day 3
in previous cycle)

e Embryo grade (8-cell
embryo on day 3 in
previous cycle
yes/no; morulae at
day 3 in previous
cycle yes/no)

e Number of oocytes
retrieved (=10

embryos after oocyte

retrieval in previous
cycle yes/no)

e Endometriosis
(yes/no)

Timepoint when model
used: After 1st cycle

TM- Validation of
Templeton model:

e Duration of
subfertility (<4 years;
4-6 years; 7-12
years; >12 years)

e Female age (cubic
polynomial
components of age)

e Pregnancy history
(previous LB with
IVF; previous non-
LB with IVF;
previous LB not by
IVF; previous non-
LB not by IVF)

e Previous IVF
treatment outcome
(number of previous
unsuccessful IVF
attempts)

e Cause of subfertility
(tubal factor)

NLM- Validation of
Nelson Lawler model:

e Duration of
subfertility (<1 year;
1-3 years; 4-6 years;
7-9 years; 9-12
years; >12 years)

e Female age (18-34;
35-37; 38-39; 40-42;
43-44; 45-50)

e Pregnancy history
(previous LB with
IVF; previous non-
LB with IVF;

29

Outcomes

e Discrimination:

C-statistic (95%
Cl)

e Calibration:

number of
observed and
expected
events and O:E
ratio

Comments

Definition of a

cycle: Fresh
only

IVF/ICSI: IVF or
ICSI

Paper also
reports

calibration slope
(TM: 1.42, 95%
Cl 1.15-1.70;
NLM: 0.93, 95%
Cl 0.84-1.03),
intercept (TM:
0.08, 95% Cl
0.04-0.12; NLM:
0.04, 95% Cl
0.02-0.06), and
p-value level for
Hosmer-
Lemeshow test
(p<0.001)
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Study

Snick 1997

Cohort
(retrospective);
1 hospital

Netherlands

Study dates:
January 1985-
December
1993

Intervention &
population

Expectant
management

N participants:
726
N cycles: NR

Female age in
years, mean
(SD): 29.1 (4.5)

Duration of
subfertility in
years, mean
(SD): 1.7 (1.2)

Cause of
subfertility: Some
participants
appear in more
than 1 diagnosis
group: 30%

Predictors/factors in
model(s)
previous LB not by
IVF; previous non-
LB not by IVF)

e Previous IVF
treatment outcome
(number of previous
unsuccessful IVF
attempts)

e Cause of subfertility
(tubal; anovulatory;
endometriosis;
cervical; male factor;
combination known
causes)

e Number of cycles
(cycle number
1,2,3+)

e Treatment type (IVF
or ICSI)

e Hormonal
preparation
(antioestrogen;
gonadotropin;
hormone
replacement)

e Source of egg
(donor; participant)

Timepoint when model
used:

TM: Pre-treatment
NLM: During 1st cycle
(after oocyte retrieval)
Model 1:

e Duration of
subfertility (<24
months)

e Cause of subfertility
(tubal; ovulatory)

¢ Post-coital test
(abnormal)

Model 2:

e Duration of
subfertility (<24
months)

e Female age (<30
years)

e Pregnancy history
(secondary infertility)

e Cause of subfertility
(tubal; ovulatory)

e Male factor (WHO
semen abnormality)

30

Outcomes

e Discrimination:
C-statistic (95%
Cl)

Comments

Combined
untreated
couples with
observations
before treatment
for treated
couples

Paper refers to
model 1 as

selected model
and model 2 as
alternate model

Model 2
performance
data reported for
model
development
dataset and
validation
dataset
(validated using
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Intervention & Predictors/factors in Comments
Study population model(s) Outcomes

unexplained; data from

30% male factor;  Timepoint when model Collins 1995)

28% cervical; used: Pre-treatment

26% ovulatory;
13% tubal; 3%
endometriosis

No calibration
data reported

Primary infertility

(%): 64
AFC: antral follicle count; AMH: anti-Millerian hormone; ART: assisted reproductive technology; BMI: body mass
index; C-statistic: Concordance statistic; CARE: Centres for assisted reproduction; Cl: confidence interval;
FertiQol: Fertility quality of life tool; FSH: follicle stimulating hormone; HFEA: Human fertilisation & embryology
authority; HM: Hunault model; ICSI: intracytoplasmic sperm injection; IQR: interquartile range; IUI: intrauterine
insemination; IVF: in vitro fertilisation; LB: live birth; LH: luteinizing hormone; McLM: McLernon model; ng/mi:
nanograms per millilitre; NLM: Nelson Lawler model; NR: not reported; O:E: observed:expected; PCT: post-coital
test; SD: standard deviation; SE: standard error; TM: Templeton model; TMA: Templeton-Arvis model; VLM: van
Loendersloot model; WHO: World health organisation

See the full evidence tables in appendix D and the forest plots in appendix E.
Summary of the evidence

Expectant management
Hunault (2004) model

The Hunault (2004) clinical prediction model for expectant management included the
following factors: duration of subfertility; female age; pregnancy history; sperm motility;
referral status (secondary care or tertiary care). One version of the model also included post-
coital test (PCT) as an additional factor.

Very low quality meta-analysed evidence from 2 external validation studies showed that the
Hunault (2004) model (without the PCT factor) did not meet criteria for good discrimination
(summary C-statistic estimate was 0.71, 95% confidence interval [CI] 0.007-1.0), and the
meta-analysed O:E ratio (summary O:E estimate of 0.74, 95% CI 0.001-417.28) indicated
imperfect calibration. There was very serious imprecision in both discrimination and
calibration estimates. Very low quality evidence from a single external validation of the
Hunault (2004) model with the PCT factor also did not show good discrimination performance
(C-statistic 0.63, 95% CI 0.51-0.75), although calibration was good (O:E ratio 0.96, 95% CI
not reported).

Low quality evidence from a model development study that added anti-Mullerian hormone
(AMH) to the Hunault (2004) model, showed good discrimination (C-statistic 0.797, 95% CI
0.792-0.802) but calibration was not reported.

The model of Snick (1997) showed good discrimination, but this model was synthesised into
the Hunault (2004) model. The Collins (1995) model did not meet criteria for good
discrimination but again this was superseded by the Hunault (2004) model that used this
data.

Intrauterine insemination (IUl)

Only 1 clinical prediction model was identified for IUl. This model was developed to predict
cumulative live birth (over up to 4 cycles) prior to starting 1Ul with ovarian stimulation. The
model included the following factors: duration of subfertility; female age; pregnancy history;
ovarian stimulation agent; household income. Cause of subfertility was not included in the
model as a factor but was controlled for as all participants had unexplained fertility problems.
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Low quality evidence from this 1 model development study did not show good discrimination
performance (C-statistic 0.65, 95% CI 0.61-0.69). The protocol outcomes for calibration
(observed and expected events and observed:expected [O:E] ratio) were not reported,
although the p-value for a statistical test for the goodness-of-fit (Hosmer-Lemeshow test) was
reported and showed no statistically significant difference between the observed and
expected events (p=0.99) indicating good calibration. However, no internal or external
validation was described for this model.

In vitro fertilisation (IVF), with or without intracytoplasmic sperm injection (ICSl)
Templeton (1996) model

The Templeton (1996) model was developed to predict live birth prior to starting a cycle of
IVF (with or without ICSI). The following factors were included: duration of subfertility; female
age; pregnancy history; previous IVF treatment outcome; cause of subfertility.

Very low quality meta-analysed evidence from 4 external validation studies did not show
good discrimination for the Templeton (1996) model (summary C-statistic estimate 0.62, 95%
Cl1 0.61-0.63). It was not possible to meta-analyse the calibration estimates. The only study
that reported the protocol outcome for calibration (observed and expected events and O:E
ratio) showed poor calibration (O:E ratio 0.483, 95% CI 0.479-0.487). Three studies also
reported significant p-values (p<0.01) on the Hosmer-Lemeshow test showing imperfect
calibration. The calibration plots of all 4 studies indicated that the model underestimated live
birth.

Very low quality meta-analysed evidence from 2 external validation studies reported data for
centre-specific fitting of the Templeton model, but model performance still did not meet
criteria for good discrimination (summary C-statistic estimate 0.69, 95% CI 0.61-0.76). Only 1
of these studies reported any information about calibration, with the calibration plot indicating
good calibration.

Very low quality evidence from a model development study that produced a ‘simplified’
version of the Templeton (1996) model by adding and removing variables (predictors
included in the model were pregnancy history, markers of ovarian reserve, and year) showed
good discrimination (C-statistic 0.75, 95% CI 0.71-0.80). However, no calibration data was
reported for this modified model, and no external validation.

Templeton-Arvis (2012) model

One study developed a new model (Templeton-Arvis [2012] model) for predicting live birth
prior to starting a cycle of IVF with ICSI by extending the Templeton (1996) model with
additional factors (markers of ovarian reserve; BMI; smoking; year).

Very low quality evidence from this model development study did not show good
discrimination (C-statistic 0.71, 95% CI 0.68-0.74), and very limited data was reported for
calibration.

Very low quality evidence from a single external validation study of the Templeton-Arvis
(2012) model showed good discrimination (C-statistic 0.76, 95% CI 0.71-0.80). Calibration
data was again limited but the calibration plot indicated good calibration.

Nelson and Lawler (2011) model

Another study developed a new model by adding predictors to the Templeton (1996) model
(cycle number; treatment type [IVF or ICSI]; ovarian stimulation agent; source of egg). Very
low quality evidence from this model development study did not show good discrimination (C-
statistic 0.63, 95% CI 0.62-0.64). There was very limited calibration data available, although
the calibration plot indicated good calibration.
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Low quality evidence from an external validation study did not show good discrimination (C-
statistic 0.628, 95% CI 0.625-0.631) for the Nelson and Lawler (2011) model. However, the
model did show good calibration (O:E ratio 0.905, 95% CI 0.896-0.913).

McLernon (2016) model

The McLernon (2016) pre-treatment model included the following factors to predict the
cumulative probability of live birth over up to 6 cycles of IVF (with or without ICSI): duration of
subfertility; female age; pregnancy history; cause of subfertility; year; cycle number;
treatment type (IVF or ICSI). The second McLernon (2016) model (post-treatment model)
additionally included the following factors based on the first IVF cycle: oocytes retrieved,;
embryo quality/grade; fresh/frozen embryo.

Moderate quality evidence from the model development study showed discrimination
performance fell below the threshold for good discrimination (C-statistic 0.73, 95% CI 0.72-
0.74) for the pre-treatment model. Furthermore, no meaningful calibration data was reported
(only the calibration slope with no 95% ClI, intercept, or calibration plot). Low quality evidence
from the same study also did not show good discrimination (C-statistic 0.72, 95% CI 0.71-
0.73) and did not provide an interpretable calibration estimate for the post-treatment model.

Very low quality meta-analysed evidence from 3 external validation studies did not show
good discrimination for the McLernon (2016) pre-treatment model (summary C-statistic
estimate 0.63, 95% CI 0.54-0.72). It was not possible to meta-analyse the calibration
estimates as not all studies reported calibration data and those that did used different
measures. The only study that reported the protocol outcome for calibration (observed and
expected events and O:E ratio) showed good calibration (O:E ratio 1.008, 95% CI 1.007-
1.009). However, the calibration slope, intercept, and plots reported by the other 2 studies for
the pre-treatment model (without recalibration) indicated model over-estimation of live birth.

Very low quality meta-analysed evidence from 2 external validation studies showed model
performance that was below threshold for good discrimination for the McLernon (2016) post-
treatment model (summary C-statistic estimate 0.73, 95% CI1 0.43-0.91). Only 1 study
reported the O:E ratio and this showed good calibration (O:E ratio 0.938, 95% CI1 0.937-
0.938). The calibration slope, intercept and plot reported by the other study also indicated
good calibration for the post-treatment model.

Another study developed new pre-treatment and post-treatment models by adding predictors
to the McLernon (2016) models. For the pre-treatment model, the new factors added were
markers of ovarian reserve and BMI. Moderate quality evidence from this model
development study did not show good discrimination (C-statistic 0.66, 95% CI 0.64-0.68) for
this extended pre-treatment model, and no calibration data was reported. For the post-
treatment model, the new factor added was markers of ovarian reserve and low quality
evidence again did not show good discrimination (C-statistic 0.71, 95% CI 0.69-0.73) and no
information about calibration for the modified post-treatment model was reported.

van Loendersloot (2013) model

The van Loendersloot (2013) model was developed to predict live birth before each IVF (with
or without ICSI) cycle and included information from the previous cycle as factors in the
model. The following factors were included: duration of subfertility; female age; pregnancy
history; previous IVF treatment outcome; cause of subfertility; markers of ovarian reserve;
embryos created (in previous cycle); embryo quality/grade (in previous cycle).

Very low quality meta-analysed evidence from 2 external validation studies did not show
good discrimination for the van Loendersloot (2013) model (summary C-statistic estimate
0.64, 95% CI 0.64-0.64). Neither study reported the protocol outcomes for calibration, but the
calibration slope and intercept reported by 1 study, and the plots reported by both studies
indicated model under-estimation of live birth.
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Very low quality meta-analysed evidence from these 2 external validation studies reported
data for centre-specific fitting of the van Loendersloot model, and also did not show good
discrimination (summary C-statistic estimate 0.66, 95% CI 0.39-0.86). Neither study reported
the protocol outcomes for calibration, but the calibration slope and intercept reported by 1
study, and the plots reported by both studies indicated good calibration.

One of these studies developed a modified version of the van Loendersloot model that used
current cycle, rather than previous cycle, variables (for number of embryos created and
embryo quality/grade). Very low quality evidence from this study did not show good
discrimination (C-statistic 0.71, 95% CI 0.68-0.75), although the calibration slope, intercept
and plot indicated good calibration.

Model development and validation using separate data

One study developed a model to predict live birth prior to starting IVF (with or without ICSI)
with information from a database for people undergoing treatment between 2008 and 2012,
and the model was validated using database information from 2013. The following factors
were included in the model: duration of subfertility; female age; pregnancy history; cause of
subfertility; markers of ovarian reserve; BMI; ethnicity. High quality evidence from this study
did not show good discrimination (C-statistic 0.62, 95% CI 0.60-0.64). The calibration slope,
intercept and plot also indicated model over-estimation of live birth.

Another study developed a model to predict live birth for people undergoing ICSI using
testicular extracted sperm and the model included current cycle variables (after oocyte
retrieval). The model was developed using data from 1 centre and was validated using data
from another centre. Very low quality evidence for the development set did not show good
discrimination (C-statistic 0.62, 95% CI 0.58-0.68), although the calibration slope, intercept,
plot and Hosmer-Lemeshow test p-value indicated good calibration. Very low quality
evidence for the validation set also did not show good discrimination (C-statistic 0.67, 95% CI
0.62-0.72), although the calibration plot and Hosmer-Lemeshow test p-value indicated good
calibration.

Model development with internal validation

One study developed a model to predict live birth prior to starting IVF (with or without ICSI)
that included female age and markers of ovarian reserve. Very low quality evidence from this
study did not show good discrimination (C-statistic 0.68, 95% CI 0.63-0.73). Furthermore, no
calibration data was reported, and no external validation of this model.

Another study developed a model to predict cumulative live birth within 1 year of starting IVF
(with or without ICSI). The model included the following factors: female age; pregnancy
history; previous IVF treatment outcome; markers of ovarian reserve. Very low quality
evidence from this study showed poor discrimination (C-statistic 0.59, 95% CI 0.56-0.63),
and no calibration data was reported.

One study developed 3 models that predicted live birth using information from different
stages of IVF (with or without ICSI) treatment. The first model predicted live birth prior to
starting treatment and included the following factors: duration of subfertility; female age;
pregnancy history; cause of subfertility. Very low quality evidence from this study did not
show good discrimination (C-statistic 0.61, 95% CI 0.60-0.61), although the Hosmer-
Lemeshow test p-value indicated good calibration. Model 2 added current cycle variables to
the model after oocyte retrieval (number of oocytes retrieved), and very low quality evidence
again did not show good discrimination (C-statistic 0.67, 95% CI 0.66-0.67) although the
Hosmer-Lemeshow test p-value indicated good calibration for model 2. Model 3 added
current cycle variables at the embryo creation stage (humber of embryos obtained) and very
low quality evidence did not show good discrimination (C-statistic 0.65, 95% CI 0.64-0.65),
and the Hosmer-Lemeshow test p-value (p=0.01) indicated imperfect calibration for model 3.
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See appendix F for modified GRADE tables.
Economic evidence

Included studies

A systematic review of the economic literature was conducted but no economic studies were
identified which were applicable to this review question.

A total of 1,385 studies were identified in the health economic search for this review
question. After duplicates were removed, 1,034 studies were sifted on title and abstract. Of
these studies, all were excluded when sifting on title and abstract.

Excluded studies

Economic studies not included in this review are listed, and reasons for their exclusion are
provided in appendix J.

Summary of included economic evidence

See Table 3 for the economic evidence profile for the model developed for the guideline
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Table 3: Economic evidence profile of a systematic review of economic evaluations of IVF access

Study

NICE guideline

model 2025

Cause of
subfertility:
unknown

Limitations
Potentially
serious
limitations -2 3

Applicability
Directly
applicable*

Other comments
Effectiveness
estimated form
prediction models:

IVF:
OPIS pre-IVF tool

Spontaneous
conception:
van Eekelen

For results see Figure
22and Figure 23

Incremental
Costs

Effect

Cost
effectiveness
Age = 37
IVF6 was
<£20,000 per
QALY

Age = 38
IVF4 was
<£20,000 per
QALY

IVF6 was
<£30,000 per
QALY

Age = 39
IVF2 was
<£20,000 per
QALY

IVF6 was
<£30,000 per
QALY

Age =40
IVF3 was
<£30,000 per
QALY
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Uncertainty

Model results were sensitive to choice of model,
assumptions made about depletion of susceptibles,
assumptions with respect to health state utility and
cost of IVF
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Study

NICE guideline
model 2025

Cause of
subfertility:
tubal

NICE guideline
model 2025

Limitations
Potentially
serious
limitations!-2

Potentially
serious
limitations -2

Applicability
Directly
applicable3

Directly
applicable3

Other comments
Effectiveness
estimated form
prediction models:

IVF:
OPIS pre-IVF tool

Spontaneous
conception:
Zero assumed

For results see Figure
24 and Figure 25

Effectiveness
estimated form
prediction models:

Incremental
Costs

Effect

Cost
effectiveness
Age < 38
IVF6 was
<£20,000 per
QALY

Age = 39
IVF3 was
<£20,000 per
QALY

IVF6 was
<£30,000 per
QALY

Age =40
IVF1 was
<£20,000 per
QALY

IVF4 was
<£30,000 per
QALY

Age = 41
IVF1 was
<£30,000 per
QALY

Age < 38
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Uncertainty

Model results were sensitive to choice of model,
assumptions made about depletion of susceptibles,
assumptions with respect to health state utility and
cost of IVF

Model results were sensitive to choice of model,
assumptions made about depletion of susceptibles,
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Incremental
Costs
Effect
Cost
Study Limitations Applicability Other comments effectiveness Uncertainty
Cause of IVF6 was assumptions with respect to health state utility and
subfertility: IVF: <£20,000 per cost of IVF
Anovulatory OPIS pre-IVF tool QALY

Spontaneous Age = 39
conception: IVF5 was

Zero assumed <£20,000 per
QALY

For results see Figure

26 and Figure 27 IVF6 was
<£30,000 per
QALY

Age =40
IVF2 was
<£20,000 per
QALY

IVF6 was
<£30,000 per
QALY

Age = 41
IVF3 was
<£30,000 per
QALY

Age =42
IVF1 was
<£30,000 per
QALY
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[September 2025]
38



DRAFT FOR CONSULTATION

Fertility prediction models and IVF access

Study

NICE guideline
model 2025

Cause of
subfertility:
male factor

Limitations

Potentially
serious
limitations -2

Applicability

Directly
applicable®

Other comments

Effectiveness
estimated form
prediction models:

IVF:
OPIS pre-IVF tool

Spontaneous
conception:
van Eekelen

For results see Figure
28 and Figure 29

Incremental
Costs
Effect

Cost
effectiveness

Age = 37
IVF6 was
<£20,000 per
QALY

Age = 38
IVF4 was
<£20,000 per
QALY

IVF6 was
<£30,000 per
QALY

Age = 39
IVF2 was
<£20,000 per
QALY

IVF6 was
<£30,000 per
QALY

Age =40
IVF3 was
<£30,000 per
QALY
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Uncertainty

Model results were sensitive to choice of model,
assumptions made about depletion of susceptibles,
assumptions with respect to health state utility and
cost of IVF
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Incremental
Costs
Effect
Cost
Study Limitations Applicability Other comments effectiveness Uncertainty
NICE guideline Potentially Directly Effectiveness Age = 39 Model results were sensitive to choice of model,
model 2025 serious applicable3 estimated form IVF6 was assumptions made about depletion of susceptibles,
limitations™? prediction models: <£20,000 per assumptions with respect to health state utility and
Cause of QALY cost of IVF 5
subfertility: IVF:
mild IVF Predict
endometriosis
Spontaneous
conception:
van Eekelen
For results see Figure
30 and Figure 31
NICE guideline Potentially Directly Effectiveness Age < 39 Model results were sensitive to choice of model,
model 2025 serious applicable3 estimated form IVF6 was assumptions made about depletion of susceptibles,
limitations™-? prediction models: <£20,000 per assumptions with respect to health state utility and
Cause of QALY cost of IVF
subfertility: IVF:
Severe IVF Predict Age 40-42
endometriosis IVF4 was
Spontaneous <£30,000 per
conception: QALY
Zero assumed
For results see Figure
32 and Figure 33
NICE guideline Potentially Directly Effectiveness Age <34 Model results were sensitive to choice of model,
model 2025 serious applicable3 estimated form IVF1 was assumptions made about depletion of susceptibles,
limitations™? prediction models: <£20,000 per assumptions with respect to health state utility and

IVF:

QALY

cost of IVF
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Study

Cause of
subfertility:
Severe cervical

NICE guideline
model 2025

Cause of
subfertility:
combined

Limitations

Potentially
serious
limitations -2

Applicability

Directly
applicable®

" No probabilistic sensitivity analysis was conducted.

2 |VF and spontaneous conception prediction models were developed in different populations

Other comments
IVF Predict

Spontaneous
conception:
Zero assumed

For results see Figure
34 and Figure 35

Effectiveness
estimated form
prediction models:

IVF:
IVF Predict

Spontaneous
conception:
van Eekelen

For results see Figure
36 and Figure 37

Incremental
Costs

Effect

Cost
effectiveness
IVF6 was
<£30,000 per
QALY

Age 35-39
IVF1 was
<£30,000 per
QALY

Age < 34
IVF6 was
<£20,000 per
QALY

Age 35-39
IVF4 was
<£20,000 per
QALY

IVF6 was
<£30,000 per
QALY

3 IVF prediction models are prone to selection bias, especially at higher order cycles (especially 4-6 cycles)

4 This analysis was conducted specifically for this review question

Uncertainty

Model results were sensitive to choice of model,
assumptions made about depletion of susceptibles,
assumptions with respect to health state utility and
cost of IVF ©

5 At age 35 only 4 cycles of IVF are cost-effective at £20,000 per QALY, with the additional 2 cycles cost-effective at £30,000 per QALY. At age 42, a single cycle is cost-effective
at £30,000 per QALY. These results are an artefact of the age banding used in IVF Predict when compared with a spontaneous conception prediction model where cumulative live

birth rated decline continuously with age

6 At age 35-36 only a single cycle of IVF is cost-effective at £20,000 per QALY, with the additional 5 cycles cost-effective at £30,000 per QALY. These results are an artefact of the
age banding used in IVF Predict when compared with a spontaneous conception prediction model where cumulative live birth rated decline continuously with age
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Economic model

An original cost-utility analysis was undertaken to compare the following strategies:

1. Expectant management (EM) for the remainder of the woman’s reproductive life
without IVF (no IVF)

2. One cycle of IVF, followed by EM for the remainder of the woman’s reproductive life if 1
full cycle of IVF was unsuccessful (IVF1)

3. Up to 2 cycles of IVF, followed by EM for the remainder of the woman’s reproductive
life if the 2 cycles of IVF were unsuccessful (IVF2)

4. Up to 3 cycles of IVF, followed by EM for the remainder of the woman'’s reproductive
life if the 3 cycles of IVF were unsuccessful (IVF3).

5. Up to 4 cycles of IVF, followed by EM for the remainder of the woman’s reproductive
life if the 4 cycles of IVF were unsuccessful (IVF4).

6. Up to 5 cycles of IVF, followed by EM for the remainder of the woman’s reproductive
life if the 5 cycles of IVF were unsuccessful (IVF5).

7. Up to 6 cycles of IVF, followed by EM for the remainder of the woman’s reproductive
life if the 6 cycles of IVF were unsuccessful (IVF6).

The model was restricted to a maximum of 6 cycles of IVF, reflecting the upper limit of cycles
in prediction models for IVF utilised in this analysis. The model is summarised below with full
details available in appendix |.

A simple Markov approach was used to estimate cumulative live births from starting
treatment to the end of a woman’s reproductive life. In each monthly cycle women would
either transition to a health state of “live birth” or remain in a “no birth” state as illustrated in
Figure 1. The model accounted for the fact that woman who did not achieve live birth from
IVF might do subsequently through spontaneous conception.

Prediction models were used to estimate the probability of live birth in each Markov cycle. In
the base case analysis, the OPIS pre-IVF tool was used to estimate probabilities of live birth
for IVF and live birth from EM was estimated using van Eekelen prediction model. The van
Eekelen model was also used to estimate live births arising from spontaneous conception
following the completion of IVF. Published literature was used to estimate ovarian
hyperstimulation syndrome (OHSS) and multiple birth.

42
Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]



DRAFT FOR CONSULTATION
Fertility prediction models and IVF access

Figure 1: Markov schematic to assess fertility treatments across a woman’s
reproductive life cycle

Sub fertile
(No birth)

Live birth

1 Figure 2 shows a schematic of the decision tree used to calculate the expected costs and
2 outcomes associated with assisted reproduction.

Figure 2: Decision tree illustrating the outcomes of assisted reproduction

Furthur treatment or
OHSS

No OHSS No birth Further t;\:tment or

Multiple = Live birth
: W Further treatment or
No OHSS

Further treatment or
< EM

Mu'tlple —

In addition to treatment costs the model also captured the “downstream” costs of multiple
birth and OHSS associated with the different strategies. QALY's were estimated by assuming
a health state utility gain from a live birth and then subtracting QALY losses from OHSS.

o b w
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The results of the base case analysis are summarised graphically below in Figure 3. This
economic analysis provides much stronger evidence for the cost-effectiveness of IVF
compared with the previous NICE guideline (CG156), with lower ICERs attained in
comparable analyses.

It suggested that 6 cycles of IVF were cost-effective for women aged 39 years and under.
For women aged 40-41 years, the cost-effectiveness conclusions were more equivocal, but
IVF was generally not found to be cost-effective for women aged 42 years and older. The
model also provided some evidence that IVF with ICSI could be cost-effective for male factor
cause despite the higher treatment cost.

Figure 3: Summary charts of cost-effectiveness of IVF cycles by age for the base case
analysis using the OPIS pre-IVF (or IVF Predict) and van Eekelen prediction
models

Unexplained Tubal Anovulatory Male factor

Mild endometriosis Severe endometriosis Cervical Combined

AARARN
[
AR
AR

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

However, model cost-effectiveness conclusions were found to be sensitive to several
assumptions or inputs over which there is uncertainty. In particular, the choice of prediction
model, the assumed health state utility gain from live birth, the cost of IVF and accounting for
depletion of susceptibles were all found to be important cost-effective drivers in some
scenarios. Furthermore, there are legitimate concerns about potential selection bias in the
prediction models as well as uncertainty relating to small samples especially at 4 cycles of
IVF and above.

Therefore, while the committee believed that the cost-effectiveness evidence now supported
the provision of 6 cycles to women aged 39 years and below, they recognised that the
evidence was not sufficiently robust to make a strong recommendation for more than 3
cycles, although they did recommend that up to 6 cycles could be considered.

The evidence for the cost-effectiveness of IVF for women aged 40-41 was less convincing
but there were a number of scenarios where at least 1 cycle was cost-effective and therefore
they recommended that 1 IVF cycle be offered to these women, in line with existing NICE
guidance. However, the committee believed that the models no longer supported the offer of
IVF to women aged 42.
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The committee’s discussion and interpretation of the evidence

The outcomes that matter most

Live birth was prioritised as the critical outcome by the committee, as it is the best indicator
of fertility, specified in the core outcome set for fertility research (Duffy 2020), and is the
ultimate aim for people with fertility problems who are making fertility treatment decisions.

Model performance indicators that were selected as most informative were the C-statistic as
this is the most commonly reported estimate of discrimination (ability of the model to
distinguish between people who had a live birth and those who did not). The
observed:expected (O:E) ratio was prioritised as the best measure of calibration (agreement
between predicted outcomes and observed outcomes) as it could be meta-synthesised as a
single measure (overcoming difficulties associated with the need to consider the calibration
slope and intercept together), quantitatively captured the relationship presented in the
calibration plot, and did not have the drawbacks associated with the Hosmer-Lemeshow test
(for instance, no indication of the magnitude of the difference between expected and
observed events, and the potential for being misleading with large sample sizes). However,
the committee agreed that although they would prioritise the O:E ratio, where this was not
reported, they would also consider other measures of calibration whilst bearing in mind the
limitations of these measures.

The quality of the evidence

The quality of evidence was assessed using modified GRADE methodology. The evidence
was predominately rated as low or very low quality, with only 1 high quality rating and a
couple of moderate ratings across all model performance estimates. Common reasons for
downgrading included risk of bias (assessed with the PROBAST checklist with risk of bias
introduced by the analysis as the most common domain for rating at high risk), indirectness
(serious or very serious concern about applicability of the evidence to the review question
assessed with the PROBAST checklist; common concerns included strict inclusion/exclusion
criteria, and model not intended to be used for first cycle), and imprecision due to 95%
confidence intervals crossing decision making thresholds.

Prediction models

The committee discussed the model performance estimates for the clinical prediction models
included in the review and noted that there was very little meta-analysable data (particularly
for calibration), and no clinical prediction model met the pre-defined criteria for both good
discrimination and good calibration. Based on the lack of any clear advantages for the use of
clinical prediction models in counselling patients about their chances of a live birth, the
committee agreed not to recommend the use of a clinical prediction model in routine clinical
practice.

Cost effectiveness and resource use

No economic evidence was identified and therefore an original economic analysis was
undertaken to support the committee in making cost-effectiveness recommendations. This
analysis relied on prediction models which had a number of limitations, and the committee
noted that these limitations would be propagated within the health economic model. Within
the IVF prediction models it was noted that selection bias could potentially lead to over-
estimates of treatment success especially at higher order of IVF cycles (especially 4-6
cycles). Furthermore, the datasets used to estimate IVF success had very small numbers
having 4 or more cycles and therefore, in addition, there was considerable sampling
uncertainty around the point estimates for predicted live birth rates for these higher order IVF
cycles. The committee did note that predicted live birth rates for 1 and 3 cycles of IVF was
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not inconsistent with RCT evidence but also that randomised evidence was lacking for more
than 3 cycles of IVF.

The absolute treatment effect of IVF required a prediction model for expectant management
(spontaneous conception leading to live birth) but the models were developed in different
populations and the committee understood that there could be systematic differences in
those populations and, in particular, that women referred for IVF may have a worse
prognosis than women completing a fertility workup at a fertility clinic.

The committee also recognised that the QALY approach is not without its limitations and
critics as an appropriate or sufficient measurement of benefit in the field of fertility treatment.
Aside from the difficulties in the valuation of improvements in health-related quality of life
arising from a live birth following subfertility, many also contend that there are other benefits,
such as self-esteem and life satisfaction, which may in fact predominate.

Notwithstanding these limitations which may cause the cost-effectiveness to be either over or
underestimated, the committee noted that the economic analysis undertaken for this
guideline provided stronger evidence than the previous guideline (CG156) that IVF was a
cost-effective treatment for the NHS to provide, especially for women aged 20-39 years old
and using the preferred prediction models for IVF and expectant management. Indeed, the
analysis suggested that 6 cycles could be considered cost-effective even when using a more
restrictive cost-effectiveness threshold of £20,000 per QALY.

However, the committee acknowledged that increasing the number of cycles offered to
women aged 20-39 years old from 3 to 6 cycles would have a significant resource impact to
the NHS. Recognising that the model was particularly sensitive to a number of assumptions
and inputs over which there was uncertainty, in addition to concerns about prediction model
quality, patient selection bias and sampling uncertainty for higher order IVF cycles, the
committee did not believe the evidence was sufficiently robust to make a strong
recommendation to offer 6 cycles. Therefore, they made a strong recommendation that an
initial 3 cycles of IVF be offered to women aged 20-39 years old but added that a further 3
cycles could be considered after discussing the likely probability of success and implications
of further treatment with the patient. Based on their knowledge and experience, the
committee did not think that many women would necessarily take up more IVF cycles even if
they were offered.

The committee accepted that the model showed that for women aged 40-41 years, the cost-
effectiveness of IVF was less clear cut. However, they did note that a more limited number of
IVF cycles was often cost-effective especially if inherent uncertainty in model parameters
was taken into account. The committee also believed that the evidence was not strong
enough to remove a provision for IVF that currently exists and therefore they recommended
that 1 cycle of IVF be offered to women in this age category.

However, the committee agreed that the health economic model no longer provided
sufficiently strong evidence to support the provision of IVF to women aged 42 years old. Most
analyses also did not indicate that IVF was cost-effective for women aged 42 years even
when inputs were moved in a direction favouring IVF treatment. In women aged 42 years, no
cycles of IVF were ever found to be cost-effective at an ICER of £20,000 per QALY in any of
the base case analyses, and for most clinical scenarios included in the analysis, IVF was not
cost-effective even when using the less stringent £30,000 per QALY decision threshold.

The committee noted that the apparent borderline cost-effectiveness of 1 cycle of IVF for
mild endometriosis at age 42 was an artefact of having to use a prediction model that
assumed the same IVF effectiveness across an age band of 40—42 years, which would lead
to an underestimation of cost-effectiveness at 40 years and an overestimation at 42 years,
because the reality is that IVF success is likely to diminish across that age band. The
committee noted that the results for severe endometriosis were also based on an IVF
prediction model that averaged IVF success across the 40—42 years age band and made a
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simplifying assumption of a zero probability of spontaneous conception leading to live birth
and which did not distinguish live birth rates by disease severity. For all these reasons, they
believed the cost-effectiveness of IVF for women aged 42 years with severe endometriosis to
be overestimated. The economic analysis did also suggest that 1 cycle of IVF might be cost-
effective for anovulatory cause in women aged 42 years but the committee noted this was a
very borderline finding using a more permissive £30,000 per QALY threshold. The committee
also noted that IVF is not the first line treatment for anovulation and that anovulatory causes
account for a small proportion of IVF. They also noted that women having IVF for anovulation
are usually younger than 42 years of age.

The committee noted that the model also provided some evidence that IVF with ICSI could
be cost-effective for male factor cause despite the higher treatment cost. They considered
that this finding was consistent with existing recommendations on the indications for ICSI.

The committee accepted that their recommendations would likely have a significant resource
impact to the NHS if implemented but only because recommendations in the previous NICE
guideline were not fully implemented. The committee also believed that offering more cycles
of IVF would not always lead to an increased acceptance of more IVF cycles, making the
resource impact difficult to predict.

Recommendations supported by this evidence review

This evidence review supports recommendations 1.9.4, 1.9.5 and 1.9.7.
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Appendices

Appendix A Review protocols

Review protocol for review question: What is the predictive performance of clinical prediction models for assessing the
chances of live birth for people with health-related fertility problems using: expectant management; intrauterine
insemination (IUl); IVF with or without intracytoplasmic sperm injection (ICSI)?

Table 4: Review protocol
ID Field Content
0. PROSPERO registration CRD42023431351
number
1. Review title Predictive performance of clinical prediction models for assessing the chances of live birth for people with health-
related fertility problems
2. Review question What is the predictive performance of clinical prediction models for assessing the chances of live birth for people

with health-related fertility problems using: expectant management; intrauterine insemination (IUl); IVF with or
without intracytoplasmic sperm injection (ICSI)?

3. Objective To determine whether clinical prediction models can predict the chances of live birth for people with health-related
fertility problems, to inform recommendations on criteria for access to treatments
4. Searches The following databases will be searched (with no date restrictions):

Clinical searches

e Cochrane Central Register of Controlled Trials (CENTRAL)
e Cochrane Database of Systematic Reviews (CDSR)

e Embase

e MEDLINE ALL

e Epistemonikos
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ID Field Content
Searches will be restricted by:
e English language
e Human studies

The full search strategies for MEDLINE database will be published in the final review.

5. Condition or domain Predictive models for the success of assisted reproduction techniques (ART) to inform recommendations on criteria
being studied for access to treatments
6. Population Inclusion:

People with a health-related fertility problem.

In this guideline, people with health-related fertility problems are those who have a known health-related
impediment to fertility, or those who do not achieve a pregnancy:

¢ after 12 months of regular unprotected sexual intercourse or
e after 6 cycles of artificial insemination.
7. Prognostic factors Clinical prediction models that include (or control for) at least 2 of the following core set of factors:
e Female age
e Duration of subfertility
e Cause of subfertility
e Pregnancy history

External validation of clinical prediction models, including:
e Hunault model

e McLernon model

e Nelson and Lawler model

e Templeton model

¢ van Loendersloot model

8. Comparator N/A
9. Types of study to be e Systematic reviews of clinical prediction models
included
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10.

11.

12.

13.

14.

Field

Other exclusion criteria

Context

Primary outcomes
(critical outcomes)

Secondary outcomes
(important outcomes)

Data extraction
(selection and coding)

Content

e Primary studies that include the development and/or validation (internal or external) of clinical prediction models
¢ Language limitations: non-English-language papers will be excluded

Conference abstracts, dissertations, and unpublished data will not be considered

Studies conducted in countries other than OECD high-income countries will be excluded (both development
and validation samples should be in an OECD high income country)

This guidance will fully update the following NICE guideline: Fertility problems: assessment and treatment (last
updated 2017; CG156)

e Live birth (as defined by study)

Data will be extracted on model performance:
e Discrimination:
o Concordance (C) statistic or area under the curve (AUC) with 95% confidence interval
o D-statistic and standard error
e Calibration:
o number of observed (O) and expected (E) events
o total O:E ratio

Studies that do not include any of the above model performance data will be excluded
N/A

All references identified by the searches and from other sources will be uploaded into EPPI and de-duplicated.
Titles and abstracts of the retrieved citations will be screened to identify studies that potentially meet the inclusion
criteria outlined in the review protocol.

Dual sifting will be performed on at least 10% of records; 90% agreement is required. Disagreements will be
resolved via discussion between the two reviewers, and consultation with senior staff if necessary.

Full versions of the selected studies will be obtained for assessment. Studies that fail to meet the inclusion criteria
once the full version has been checked will be excluded at this stage. Each study excluded after checking the full
version will be listed, along with the reason for its exclusion.
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ID

15.

16.

17.

18.

Field

Risk of bias (quality)
assessment

Strategy for data
synthesis

Analysis of sub-groups

Content

A standardised form will be used to extract data from studies. The following data will be extracted: study details
(including reference, country, data source), number of participants, participant characteristics (data will be
extracted on all key characteristics in line with the potential prognostic factors outlined above and the standard
deviation of these values [to assess case mix]), inclusion and exclusion criteria, definition and measurement of the
prognostic factors included in the model, definition of live birth, model development (including modelling method,
method used to select variables for inclusion in the model, details on how non-linear relationships handled, and
methods used for handling missing data), methods for model validation, model performance(calibration and
discrimination), study classification according to TRIPOD checklist, setting, timing (including the timepoint when the
clinical prediction model is used [e.g. pre-treatment, after first cycle] and the time period or number of cycles over
which the outcome was predicted [the unit of analysis]), and source of funding. One reviewer will extract relevant
data into a standardised form, and this will be quality assessed by a senior reviewer.

Quality assessment of individual studies will be performed using the following checklists:

e ROBIS tool for systematic reviews

¢ Prediction model Risk Of Bias ASsessment Tool (PROBAST) for primary studies that include the development
and/or validation (internal or external) of clinical prediction models

The quality assessment will be performed by one reviewer and this will be quality assessed by a senior reviewer.

The predictive performance data will be quantitatively summarised, including summaries of discrimination (ability of

the model to distinguish between people who conceived and those who did not) and calibration (agreement
between predicted outcomes and observed outcomes).

Where there is discrimination and calibration data from multiple external validation studies for the same clinical
prediction model, estimates will be meta-analysed with a random-effects model (to allow for the presence of
heterogeneity due to variability in design and population [case mix] of validation studies) using the metamisc
package in R as outlined in Debray et al. 2019 (‘A framework for meta-analysis of prediction model studies with
binary and time-to-event outcomes’).

Models will be included that are used to both predict outcome pre-treatment, and those that use information from
the first cycle to update the model. However, these different timepoints will be differentiated in the analyses.
‘Good’ discrimination is defined as a C statistic >0.75 and ‘good’ calibration is defined as an O:E ratio between 0.8
and 1.2 (based on Debray et al. 2017).

No planned subgroup analyses

O Intervention
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ID Field Content
Type and method of O
review
O
O
O
]
19. Language English
20. Country England
21. Anticipated or actual November 2022
start date
22. Anticipated completion November 2024
date
23. Stage of review at time Review stage
ol sl Preliminary searches
Piloting of the study selection process
Formal screening of search results against
eligibility criteria
Data extraction
Risk of bias (quality) assessment
Data analysis
24, Named contact 5a. Named contact

Guideline Development Team A

5b. Named contact e-mail
FertilityProblems@nice.org.uk

Started

OO O 1 O || O
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q 7T

56


mailto:FertilityProblems@nice.org.uk

DRAFT FOR CONSULTATION
Fertility prediction models and IVF access

25.

26.

27.

28.

20.
30.

31.

32.

Field

Review team members

Funding
sources/sponsor

Conflicts of interest

Collaborators

Other registration details

Reference/URL for
published protocol

Dissemination plans

Keywords

Content

5c¢. Organisational affiliation of the review

Guideline Development Team A, Centre for Guidelines, National Institute for Health and Care Excellence
(NICE)

e Senior Technical Analyst
e Technical Analyst

This systematic review is being completed by NICE

All guideline committee members and anyone who has direct input into NICE guidelines (including the evidence
review team and expert witnesses) must declare any potential conflicts of interest in line with NICE's code of
practice for declaring and dealing with conflicts of interest. Any relevant interests, or changes to interests, will also
be declared publicly at the start of each guideline committee meeting. Before each meeting, any potential conflicts
of interest will be considered by the guideline committee Chair and a senior member of the development team. Any
decisions to exclude a person from all or part of a meeting will be documented. Any changes to a member's
declaration of interests will be recorded in the minutes of the meeting. Declarations of interests will be published
with the final guideline.

Development of this systematic review will be overseen by an advisory committee who will use the review to inform
the development of evidence-based recommendations in line with section 3 of Developing NICE guidelines: the
manual. Members of the guideline committee are available on the NICE website:
https://www.nice.org.uk/guidance/indevelopment/gid-ng10263

None
https://www.crd.york.ac.uk/PROSPERO/display record.php?RecordIiD=431351

NICE may use a range of different methods to raise awareness of the guideline. These include standard
approaches such as:

e notifying registered stakeholders of publication
e publicising the guideline through NICE's newsletter and alerts

e issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social
media channels, and publicising the guideline within NICE.

Fertility problems, infertility, clinical prediction models, IUI, IVF, ICSI, expectant management
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33. Details of existing None
review of same topic by
same authors

34. Current review status ] Ongoing
X Completed but not published
O Completed and published
O Completed, published and being updated
O Discontinued

35. Additional information None

36. Details of final www.hice.org.uk

publication

1 CDSR: Cochrane Database of Systematic Reviews; CENTRAL: Cochrane Central Register of Controlled Trials; GRADE: Grading of Recommendations Assessment,
2 Development and Evaluation; MEDLINE: Medical Literature Analysis and Retrieval System Online; N/A: not applicable; NICE: National Institute for Health and Care Excellence;
3 PROBAST: Prediction model Risk Of Bias ASsessment Tool; ROBIS: risk of bias in systematic reviews
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Appendix B Literature search strategies

Literature search strategies for review question: What is the likelihood of
spontaneous conception when tubal catheterisation/cannulation is used for the
treatment of proximal tubal obstruction?

Clinical search
Database: Medline — OVID interface

Date of last search: 11/10/2023

Searches

Fertilization In Vitro/ or exp Insemination, Artificial/ or Sperm Injections, Intracytoplasmic/

exp Infertility/th or Reproductive Techniques, Assisted/

Watchful Waiting/

Coitus/

(((artificial* or assist*) adj2 (conception* or reproduct*)) or ART).tw.

(IVF or (in vitro fertili* or invitro fertili*)).tw.

((fecund* or fertil* or hypofertil* or infertil* or steril* or subfecund* or subfertil*) adj2 (intervention* or therap* or
treat®)).tw.

(((artificial* or assist* or intrauter® or intra uter*) adj2 inseminat*) or ICSI or IC Sl or [Ul).tw.

((intracytoplasm* or intra cytoplasm* or microinject* or micro inject* or transfer*) adj2 sperm*).tw.

((active* adj1 surveill*) or (clinical adj1 observ*) or (expect* adj2 (approach* or manag*)) or "no intervention*" or "no
therap*" or "no treatment*" or (wait* adj1 see*) or (watch* adj2 wait*) or untreated).tw.

11 ((coital or coitus or intercourse* or sex*) adj1 (frequen* or regular® or unprotect®)).tw.

12 or/1-11

13  Pregnancy/ or exp Pregnancy Outcome/ or exp Pregnancy Rate/

14 (livebirth* or (live adj1 birth*) or pregnan®).tw.

15  ((baby or babies or child* or neonate* or newborn*) adj2 (birth* or born or conceiv* or deliver® or live* or living)).tw.
16  ((birth* or conceiv* or conception* or gestation* or reproducti*) adj2 (achiev* or chance* or natural* or ongoing or
outcome* or rate* or spontaneous® or success* or viab*)).tw.

~NOoO O A WN - F

= ©
o

17  or/13-16
18 12 and 17
19 letter/

20 editorial/
21 news/

22 exp historical article/

23  Anecdotes as topic/

24 comment/

25  case reports/

26  (letter or comment®).ti.

27  or/19-26

28 animals/ not humans/

29  exp Animals, Laboratory/

30  exp Animal Experimentation/

31 exp Models, Animal/

32  exp Rodentia/

33  (rat or rats or rodent* or mouse or mice).ti.

34  or/27-33

35 18 not 34

36  limit 35 to english language

37 Clinical Decision Rules/ or Models, Biological/ or Models, Theoretical/ or Models, Statistical/

38  Decision Support Systems, Clinical/ or Decision Support Techniques/ or Decision Making/

39  (decision* adj2 (clinical* or make or making or model* or support* or system* or technique®)).tw.

40  (Hunault* or Lawlor* or McLernon* or Nelson* or Templeton* or van Loendersloot*).tw.

41 (cumulati* adj3 (probab* or rate*)).tw.

42  (predict* or validat®).ti.

43 rule®.tw.

44  (predict* and (model* or outcome* or risk*)).ab.

45  ((characteristic* or criteria or factor* or finding* or history or scor* or variable*) and (decision* or identif* or model* or
predict* or prognos*)).ti.

46  ((characteristic* or criteria or factor* or finding* or history or scor® or variable*) adj3 (decision* or identif* or model* or
predict* or prognos*)).ab.

47  decision*.tw. and Logistic Models/

48  (prognostic and (characteristic* or criteria or factor* or finding* or history or model* or scor* or variable*)).tw.
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#
49
50

51
52

Searches

ROC Curve/

(stratification or discrimination or discriminate or c statistic or area under the curve or AUC or calibration or index or
indices or algorithm* or logistic regression or multivaria* or nomogram®).tw.

or/37-50

36 and 51

1 Database: Embase — Ovid interface

2 Date of last search: 11/10/2023

~NOoO O A WN - F

= ©
o

11
12
13
14
15

17

18
19

21
22
23
24
25

27
28
29
30

32
33
34
35
36
37
38
39
40
41

43
44
45

46

47
48
49
50

Searches

in vitro fertilization/ or exp artificial insemination/ or intracytoplasmic sperm injection/

infertility therapy/

watchful waiting/

sexual intercourse/

(((artificial* or assist*) adj2 (conception* or reproduct*)) or ART).tw.

(IVF or (in vitro fertili* or invitro fertili*)).tw.

((fecund* or fertil* or hypofertil* or infertil* or steril* or subfecund* or subfertil*) adj2 (intervention* or therap* or
treat®)).tw.

(((artificial* or assist* or intrauter® or intra uter*) adj2 inseminat*) or ICSI or IC Sl or [Ul).tw.

((intracytoplasm* or intra cytoplasm* or microinject* or micro inject* or transfer*) adj2 sperm*).tw.

((active* adj1 surveill*) or (clinical adj1 observ*) or (expect* adj2 (approach* or manag*)) or "no intervention*" or "no
therap*" or "no treatment*" or (without adj1 (intervention* or therap* or treatment*)) or (wait* adj1 see*) or (watch* adj2
wait*) or untreated).tw.

((coital or coitus or intercourse* or sex*) adj1 (frequen* or regular® or unprotect®)).tw.

or/1-11

live birth/

birth rate/ or pregnancy/ or pregnancy outcome/ or pregnancy rate/ or reproductive success/

(livebirth* or (live adj1 birth*) or pregnan®).tw.

((baby or babies or child* or neonate* or newborn*) adj2 (born or conceiv* or deliver* or live* or living)).tw.
((birth* or conceiv* or conception* or gestation* or reproducti*) adj2 (achiev* or chance* or natural* or ongoing or
outcome® or rate* or spontaneous™ or success* or viab*)).tw.

or/13-17

12 and 18

letter.pt. or letter/

note.pt.

editorial.pt.

case report/ or case study/

(letter or comment*).ti.

or/20-24

animal/ not human/

nonhuman/

exp Animal Experiment/

exp Experimental Animal/

animal model/

exp Rodent/

(rat or rats or rodent* or mouse or mice).ti.

or/25-32

19 not 33

limit 34 to english language

clinical decision rule/ or biological model/ or statistical model/ or theoretical model/

clinical decision making/ or clinical decision support system/ or decision making/ or decision support system/
(Hunault* or Lawlor* or McLernon* or Nelson* or Templeton* or van Loendersloot*).tw.

(decision* adj2 (clinical* or make or making or model* or support* or system* or technique*)).tw.

(cumulati* adj3 (probab* or rate*)).tw.

prediction/

(predict* or validat®).ti.

rule®.tw.

(predict* and (model* or outcome* or risk*)).ab.

((characteristic* or criteria or factor* or finding* or history or scor* or variable*) and (decision* or identif* or model* or
predict* or prognos*)).ti.

((characteristic* or criteria or factor® or finding* or history or scor* or variable*) adj3 (decision* or identif* or model* or
predict* or prognos*)).ab.

decision.tw. and exp statistical model/

(prognostic and (characteristic* or criteria or factor® or finding* or history or model* or scor* or variable*)).tw.
receiver operating characteristic/

(stratification or discrimination or discriminate or c statistic or area under the curve or AUC or calibration or index or
indices or algorithm* or logistic regression or multivaria® or nomogram®).tw.
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51
52
53
54

Searches

or/36-50

35 and 51

(conference abstract* or conference review or conference paper or conference proceeding).db,pt,su.
52 not 53

2 Database: Cochrane Database of Systematic Reviews — Wiley interface

3 Date of last search: 11/10/2023

ID
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10

#11
#12
#13

#14
#15
#16
#17
#18
#19
#20
#21

#22
#23
#24
#25
#26
#27
#28
#29
#30
#31
#32
#33
#34
#35
#36
#37
#38

#39

#40
#41
#42

#43
#44
4

Search

MeSH descriptor: [Fertilization in Vitro] this term only

MeSH descriptor: [Insemination, Artificial] explode all trees

MeSH descriptor: [Sperm Injections, Intracytoplasmic] this term only

MeSH descriptor: [Infertility] explode all trees and with qualifier(s): [therapy - TH]

MeSH descriptor: [Reproductive Techniques, Assisted] this term only

MeSH descriptor: [Watchful Waiting] this term only

MeSH descriptor: [Coitus] this term only

(((artificial* or assist*) near/2 (conception* or reproduct®)) or ART):ti,ab

(IVF or (("in vitro" or invitro) next fertili*)):ti,ab

((fecund* or fertil* or hypofertil* or infertil* or steril* or subfecund* or subfertil*) near/2 (intervention* or therap* or
treat™)):ti,ab

(((artificial* or assist* or intrauter® or (intra next uter*) next/2 inseminat*)) or ICSI or IC Sl or IUl):ti,ab
((intracytoplasm™ or (intra next cytoplasm*) or microinject* or (micro next inject*) or transfer*) near/2 sperm*):ti,ab
((active* near/1 surveill*) or (clinical near/1 observ*) or (expect* near/2 (approach* or manag*)) or "no intervention"
or "no interventions" or "no therapy" or "no therapies" or "no treatment" or "no treatments" or (wait* near/1 see*) or
(watch* near/2 wait*) or untreated):ti,ab

((coital or coitus or intercourse* or sex*) near/1 (frequen* or regular* or unprotect)):ti,ab

{or #1-#14}

MeSH descriptor: [Pregnancy] this term only

MeSH descriptor: [Pregnancy Outcome] explode all trees

MeSH descriptor: [Pregnancy Rate] explode all trees

(livebirth* or (live near1 birth*) or pregnan®):ti,ab

((baby or babies or child* or neonate* or newborn*) near/2 (born or conceiv* or deliver* or live* or living)):ti,ab
((birth* or conceiv* or conception* or gestation* or reproducti*) near/2 (achiev* or chance* or natural* or ongoing or
outcome* or rate* or spontaneous* or success* or viab*)):ti,ab

{or #16-#21}

#15 and #22

MeSH descriptor: [Clinical Decision Rules] this term only

MeSH descriptor: [Models, Biological] this term only

MeSH descriptor: [Models, Statistical] this term only

MeSH descriptor: [Models, Theoretical] this term only

MeSH descriptor: [Decision Support Systems, Clinical] this term only

MeSH descriptor: [Decision Support Techniques] explode all trees

MeSH descriptor: [Decision Making] this term only

MeSH descriptor: [Logistic Models] this term only

(decision* near/2 (clinical* or make or making or model* or support* or system* or technique*)):ti,ab

(Hunault* or Lawlor* or McLernon* or Nelson* or Templeton* or van Loendersloot*):ti,ab

(cumulati* near/3 (probab* or rate*)):ti,ab

(predict* or validat®):ti

rule*:ti,ab

(predict* near/2 (model* or outcome* or risk*)):ab

((characteristic* or criteria or factor* or finding* or history or scor* or variable*) and (decision* or identif* or model* or
predict* or prognos®)):ti

((characteristic* or criteria or factor* or finding* or history or scor* or variable*) near/2 (decision* or identif* or model*
or predict* or prognos*)):ab

(prognostic near/2 (characteristic* or criteria or factor* or finding* or history or model* or scor* or variable*)):ti,ab
MeSH descriptor: [ROC Curve] this term only

(stratification or discrimination or discriminate or "c statistic" or "area under the curve" or AUC or calibration or index
or indices or algorithm* or "logistic regression" or multivaria® or nomogram®):ti,ab

{or #24-#42}

#23 and #43 in Cochrane Reviews, Cochrane Protocols

5 Database Cochrane Central Register of Controlled Trials — Wiley interface
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1 Date of last search: 11/10/2023

ID
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10

#11
#12
#13

#14
#15
#16
#17
#18
#19
#20
#21

#22
#23
#24
#25
#26
#27
#28
#29
#30
#31
#32
#33
#34
#35
#36
#37
#38

#39

#40
#41
#42

#43
#44
#45
#46

Search

MeSH descriptor: [Fertilization in Vitro] this term only

MeSH descriptor: [Insemination, Artificial] explode all trees

MeSH descriptor: [Sperm Injections, Intracytoplasmic] this term only

MeSH descriptor: [Infertility] explode all trees and with qualifier(s): [therapy - TH]

MeSH descriptor: [Reproductive Techniques, Assisted] this term only

MeSH descriptor: [Watchful Waiting] this term only

MeSH descriptor: [Coitus] this term only

(((artificial* or assist*) near/2 (conception* or reproduct®)) or ART):ti,ab

(IVF or (("in vitro" or invitro) next fertili*)):ti,ab

((fecund* or fertil* or hypofertil* or infertil* or steril* or subfecund* or subfertil*) near/2 (intervention* or therap* or
treat™)):ti,ab

(((artificial* or assist* or intrauter® or (intra next uter*) next/2 inseminat*)) or ICSI or IC Sl or IUl):ti,ab
((intracytoplasm™ or (intra next cytoplasm*) or microinject* or (micro next inject*) or transfer*) near/2 sperm*):ti,ab
((active* near/1 surveill*) or (clinical near/1 observ*) or (expect* near/2 (approach* or manag*)) or "no intervention"
or "no interventions" or "no therapy" or "no therapies" or "no treatment" or "no treatments" or (wait* near/1 see*) or
(watch* near/2 wait*) or untreated):ti,ab

((coital or coitus or intercourse* or sex*) near/1 (frequen* or regular* or unprotect)):ti,ab

{or #1-#14}

MeSH descriptor: [Pregnancy] this term only

MeSH descriptor: [Pregnancy Outcome] explode all trees

MeSH descriptor: [Pregnancy Rate] explode all trees

(livebirth* or (live near1 birth*) or pregnan®):ti,ab

((baby or babies or child* or neonate* or newborn*) near/2 (born or conceiv* or deliver* or live* or living)):ti,ab
((birth* or conceiv* or conception* or gestation* or reproducti*) near/2 (achiev* or chance* or natural* or ongoing or
outcome* or rate* or spontaneous* or success* or viab*)):ti,ab

{or #16-#21}

#15 and #22

MeSH descriptor: [Clinical Decision Rules] this term only

MeSH descriptor: [Models, Biological] this term only

MeSH descriptor: [Models, Statistical] this term only

MeSH descriptor: [Models, Theoretical] this term only

MeSH descriptor: [Decision Support Systems, Clinical] this term only

MeSH descriptor: [Decision Support Techniques] explode all trees

MeSH descriptor: [Decision Making] this term only

MeSH descriptor: [Logistic Models] this term only

(decision* near/2 (clinical* or make or making or model* or support* or system* or technique*)):ti,ab

(Hunault* or Lawlor* or McLernon* or Nelson* or Templeton* or van Loendersloot*):ti,ab

(cumulati* near/3 (probab* or rate*)):ti,ab

(predict* or validat®):ti

rule*:ti,ab

(predict* near/2 (model* or outcome* or risk*)):ab

((characteristic* or criteria or factor* or finding* or history or scor* or variable*) and (decision* or identif* or model* or
predict* or prognos®)):ti

((characteristic* or criteria or factor* or finding* or history or scor* or variable*) near/2 (decision* or identif* or model*
or predict* or prognos*)):ab

(prognostic near/2 (characteristic* or criteria or factor* or finding* or history or model* or scor* or variable*)):ti,ab
MeSH descriptor: [ROC Curve] this term only

(stratification or discrimination or discriminate or "c statistic" or "area under the curve" or AUC or calibration or index
or indices or algorithm™ or "logistic regression" or multivaria® or nomogram®):ti,ab

{or #24-#42}

#23 and #43

"conference":pt or (clinicaltrials or trialsearch):so

#44 not #45 in Trials

3 Database: Epistemonikos

4 Date of last search: 11/10/2023

ID
1

Search
(((artificial* or assist*) and (conception™ or reproduct®)) or ART or IVF or ("in vitro fertilisation" or "in vitro fertilization"
or "invitro fertilisation" or "invitro fertiliation"))
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ID Search

2 (((artificial* or assist* or intrauter® or uter*) and inseminat*) or ICSI or "IC SI" or Ul or ((intracytoplasm* or cytoplasm*
or microinject” or inject” or transfer*) and sperm*))

3 ((fecund* or fertil* or hypofertil* or infertil* or steril* or subfecund* or subfertil*) and (intervention* or therap* or treat*))

4 ((active* and surveill*) or (clinical and observ*) or (expect* and (approach* or manag*)) or "no intervention" or "no
therapy" or "no treatment" or (wait* and see*) or (watch* and wait*))

5 (((coitus or coital) and (frequen™ or regular* or unprotect*)) or ((sex* or intercourse*) and (frequen* or regular® or
unprotect*)))

6 1or2or3or4orb

7 ((birth* or conceiv* or conception* or gestation* or pregnan* or reproducti*) and (achiev* or chance* or live or living
or natural® or ongoing or outcome* or rate* or spontaneous* or success* or viab*))

8 6and 7

9 (((predict* or cumulat* or decision™ or likelihood or prognos* or validat*) and (characteristic* or criteria or factor* or

finding* or history or model* or outcome* or rate* or risk* or rule* or scor* or variable*)) or stratification or
discrimination or discriminate or "c statistic " or "c-statistic " or "area under the curve " or AUC or calibration or index
or indices or algorithm™ or "logistic regression" or multivaria® or nomogram®*)

10 8and 9

2 Economic literature search strategies:
3 Database: Medline — Ovid platform

4 Date last searched: 19/07/2023
5

Searches

Fertilization In Vitro/ or exp Insemination, Artificial/ or Sperm Injections, Intracytoplasmic/

exp Infertility/th or Reproductive Techniques, Assisted/

Watchful Waiting/

Coitus/

(((artificial* or assist*) adj2 (conception* or reproduct®)) or ART).tw.

(IVF or (in vitro fertili* or invitro fertili*)).tw.

((fecund* or fertil* or hypofertil* or infertil* or steril* or subfecund* or subfertil*) adj2 (intervention* or

therap* or treat™)).tw.

(((artificial* or assist* or intrauter* or intra uter*) adj2 inseminat*) or ICSI or IC Sl or [UI).tw.

((intracytoplasm* or intra cytoplasm* or microinject* or micro inject* or transfer*) adj2 sperm®).tw.

10 ((active™ adj1 surveill*) or (clinical adj1 observ*) or (expect* adj2 (approach* or manag*)) or "no
intervention*™ or "no therap*" or "no treatment™" or (without adj1 (intervention* or therap* or treatment*))
or (wait* adj1 see*) or (watch* adj2 wait*) or untreated).tw.

11 ((coital or coitus or intercourse* or sex*) adj1 (frequen* or regular® or unprotect*)).tw.

12 or/1-11

13  Pregnancy/ or exp Pregnancy Outcome/ or exp Pregnancy Rate/

14  (livebirth* or (live adj1 birth*) or pregnan®).tw.

15 ((baby or babies or child* or neonate* or newborn*) adj2 (born or conceiv* or deliver* or live* or living)).tw.

16  ((birth* or conceiv* or conception* or gestation* or reproducti*) adj2 (achiev* or chance* or natural® or

ongoing or outcome* or rate* or spontaneous® or success* or viab*)).tw.

~NOoO O WN - H

© oo

17  or/13-16
18 12and 17
19 letter/

20 editorial/
21  news/

22  exp historical article/

23  Anecdotes as topic/

24 comment/

25 case reports/

26  (letter or comment*).ti.

27  or/19-26

28 animals/ not humans/

29 exp Animals, Laboratory/

30 exp Animal Experimentation/
31  exp Models, Animal/

32 exp Rodentia/

33 (rat or rats or rodent® or mouse or mice).ti.
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34
35
36
37
38
39
40
41
42
43
44
45

46

47
48

49
50

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

or/27-33

18 not 34

limit 35 to english language

Clinical Decision Rules/ or Models, Biological/ or Models, Theoretical/ or Models, Statistical/
Decision Support Systems, Clinical/ or Decision Support Techniques/ or Decision Making/
(decision* adj2 (clinical* or make or making or model* or support* or system* or technique*)).tw.
(Hunault* or Lawlor* or McLernon* or Nelson* or Templeton* or van Loendersloot*).tw.
(cumulati* adj3 (probab* or rate*)).tw.

(predict* or validat®).ti.

rule*.tw.

(predict* and (model* or outcome* or risk*)).ab.

((characteristic* or criteria or factor® or finding* or history or scor* or variable*) and (decision* or identif* or
model* or predict” or prognos*)).ti.

((characteristic* or criteria or factor® or finding* or history or scor* or variable*) adj3 (decision* or identif*
or model* or predict* or prognos*)).ab.

decision*.tw. and Logistic Models/

(prognostic and (characteristic* or criteria or factor* or finding* or history or model* or scor* or
variable™)).tw.

ROC Curve/

(stratification or discrimination or discriminate or c statistic or area under the curve or AUC or calibration
or index or indices or algorithm* or logistic regression or multivaria®* or nomogram®).tw.
or/37-50

36 and 51

Economics/

Value of life/

exp "Costs and Cost Analysis"/

exp Economics, Hospital/

exp Economics, Medical/

Economics, Nursing/

Economics, Pharmaceutical/

exp "Fees and Charges"/

exp Budgets/

budget*.ti,ab.

cost*.ti.

(economic* or pharmaco?economic®).ti.

(price* or pricing*).ti,ab.

(cost* adj2 (effective® or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
(financ* or fee or fees).ti,ab.

(value adj2 (money or monetary)).ti,ab.

or/53-68

52 and 69

2 Database: Embase

3 Date last searched: 19/07/2023

~NOoO o WN =

© o

in vitro fertilization/ or exp artificial insemination/ or intracytoplasmic sperm injection/

infertility therapy/

watchful waiting/

sexual intercourse/

(((artificial* or assist*) adj2 (conception® or reproduct®)) or ART).tw.

(IVF or (in vitro fertili* or invitro fertili*)).tw.

((fecund* or fertil* or hypofertil* or infertil* or steril* or subfecund* or subfertil*) adj2 (intervention* or
therap* or treat*)).tw.

(((artificial* or assist* or intrauter* or intra uter*) adj2 inseminat*) or ICSI or IC Sl or [UI).tw.
((intracytoplasm* or intra cytoplasm™ or microinject* or micro inject* or transfer*) adj2 sperm®).tw.
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11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

38
39
40
41
42
43
44
45

46

47
48

49
50

51
52
53
54
55
56
57
58
59
60
61
62
63

Searches

((active™ adj1 surveill*) or (clinical adj1 observ*) or (expect* adj2 (approach* or manag*)) or "no
intervention*" or "no therap*" or "no treatment*" or (without adj1 (intervention* or therap* or treatment*))
or (wait* adj1 see*) or (watch* adj2 wait*) or untreated).tw.

((coital or coitus or intercourse® or sex*) adj1 (frequen* or regular* or unprotect*)).tw.

or/1-11

live birth/

birth rate/ or pregnancy/ or pregnancy outcome/ or pregnancy rate/ or reproductive success/
(livebirth* or (live adj1 birth*) or pregnan*).tw.

((baby or babies or child* or newborn*) adj2 (born or conceiv* or deliver* or live* or living)).tw.
((birth* or conceiv* or conception* or gestation* or pregnan* or reproducti*) adj2 (achiev* or chance* or
natural® or ongoing or outcome* or rate* or spontaneous* or success* or viab*)).tw.

or/13-17

12 and 18

letter.pt. or letter/

note.pt.

editorial.pt.

case report/ or case study/

(letter or comment*).ti.

or/20-24

animal/ not human/

nonhuman/

exp Animal Experiment/

exp Experimental Animal/

animal model/

exp Rodent/

(rat or rats or rodent* or mouse or mice).ti.

or/25-32

19 not 33

limit 34 to english language

clinical decision rule/ or biological model/ or statistical model/ or theoretical model/

clinical decision making/ or clinical decision support system/ or decision making/ or decision support
system/

(Hunault* or Lawlor* or McLernon* or Nelson* or Templeton* or van Loendersloot*).tw.
(decision* adj2 (clinical* or make or making or model* or support* or system* or technique®)).tw.
(cumulati* adj3 (probab* or rate*)).tw.

prediction/

(predict* or validat*).ti.

rule®.tw.

(predict* and (model* or outcome* or risk*)).ab.

((characteristic* or criteria or factor* or finding* or history or scor* or variable*) and (decision* or identif*
or model* or predict* or prognos*)).ti.

((characteristic* or criteria or factor* or finding* or history or scor* or variable*) adj3 (decision* or identif*
or model* or predict* or prognos*)).ab.

decision.tw. and exp statistical model/

(prognostic and (characteristic* or criteria or factor* or finding* or history or model* or scor* or
variable*)).tw.

receiver operating characteristic/

(stratification or discrimination or discriminate or c statistic or area under the curve or AUC or calibration
or index or indices or algorithm™ or logistic regression or multivaria® or nomogram®).tw.

or/36-50

35 and 51

health economics/

exp economic evaluation/

exp health care cost/

exp fee/

budget/

funding/

budget*.ti,ab.

cost™ ti.

(economic* or pharmaco?economic*).ti.

(price™ or pricing*).ti,ab.

(cost* adj2 (effective® or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
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64 (financ* or fee or fees).ti,ab.

65 (value adj2 (money or monetary)).ti,ab.

66 or/53-65

67 52 and 66

68 (conference abstract® or conference review or conference paper or conference proceeding).db,pt,su.
69 67 not 68

2 Database: Health Technology Assessment (HTA) — CRD platform

3 Date of last search: 19/07/2023

1 ((artificial* or assist* or intracytoplasm™* or intrauter*) and (conception™ or inject” or inseminat* or
microinject® or reproduct® or sperm* or transfer*))

2 (ART or ICSI or "IC SI" or Ul or IVF or "in vitro fertilisation" or "in vitro fertilization" or "invitro fertilisation"
or "invitro fertiliation")

3 ((fecund* or fertil* or hypofertil* or infertil* or steril* or subfecund* or subfertil*) and ((intervention* or
therap* or treat*) or (coitus or coital or sex* or intercourse*) and (frequen* or regular® or unprotect*)))

4 ((active* and surveill*) or (clinical and observ*) or (expect* and (approach* or manag*)) or "without
intervention" or "without therapy" or "without treatment" or (wait* and see*) or (watch* and wait*) or
untreated)

5 1or2or3or4

6 ((birth* or conceiv* or conception* or embryo* or gestation* or pregnan* or reproducti*) and (achiev* or
chance* or death* or fail* or live or loss* or natural* or nonviab* or ongoing or outcome* or rate* or
spontaneous® or success* or unsuccess* or viab*))

7 5and 6
8 (((predict* or cumulat® or decision* or likelihood or prognos* or validat*) and (characteristic* or criteria or
factor” or finding* or history or model* or outcome™ or rate* or risk* or rule* or scor* or variable*)) or

stratification or discrimination or discriminate or "c statistic " or "c-statistic " or "area under the curve " or
AUC or calibration or index or indices or algorithm* or "logistic regression" or multivaria* or nomogram®*)

9  7and8inHTA
4

5 Database: International Network of Agencies for Health Technology Assessment (INAHTA)

6 Date of last search: 19/07/2023

1 ((artificial* or assist* or intracytoplasm™* or intrauter*) and (conception™ or inject” or inseminat* or
microinject* or reproduct® or sperm* or transfer*))

2 (ART or ICSI or "IC SI" or Ul or IVF or "in vitro fertilisation" or "in vitro fertilization" or "invitro fertilisation"
or "invitro fertiliation")

3 ((fecund* or fertil* or hypofertil* or infertil* or steril* or subfecund* or subfertil*) and ((intervention* or
therap* or treat*) or (coitus or coital or sex* or intercourse*) and (frequen* or regular® or unprotect*)))
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4 ((active* and surveill*) or (clinical and observ*) or (expect* and (approach* or manag*)) or "without
intervention" or "without therapy" or "without treatment" or (wait* and see*) or (watch* and wait*) or
untreated)

5 1or2or3or4

6 ((birth* or conceiv* or conception* or embryo* or gestation* or pregnan* or reproducti*) and (achiev* or
chance* or death* or fail* or live or loss* or natural* or nonviab* or ongoing or outcome* or rate* or
spontaneous* or success* or unsuccess* or viab*))

7 5and 6

8 (((predict* or cumulat* or decision* or likelihood or prognos* or validat*) and (characteristic* or criteria or
factor* or finding* or history or model* or outcome* or rate* or risk* or rule* or scor* or variable*)) or
stratification or discrimination or discriminate or "c statistic " or "c-statistic " or "area under the curve " or
AUC or calibration or index or indices or algorithm* or "logistic regression" or multivaria® or nomogram®*)

9 7 and 8
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1 Appendix C Clinical prediction model evidence study
selection

N

Study selection for: What is the predictive performance of clinical prediction
models for assessing the chances of live birth for people with health-related
fertility problems using: expectant management; intrauterine insemination (1Ul);
IVF with or without intracytoplasmic sperm injection (ICSI)?

N OO0k Ww

Clinical search

8 Figure 4: Study selection flowchart

Records identified through database searching Additional records identified through other sources
n = 41932 n=2

Total records imported Records removed as duplicates
n=41934 n=22019

Records screened in 1st sift
GIS screening on title and abstract
n= 19915

Records excluded
n = 19593

Records excluded
n =302
- 1: Conference abstract.
1 : Pre-publication database
: Non-primary study (commentary)
: Markers of ovarian reserve alone
: NonfEn?Iish language paper
: Protoco
: Model for embryo selection
: Systematic review (not
appropriate to include in its
entirety but checked for eligible
studies)
- 66 : Aim of multivariate modelling is
to ihdeEtify predictors hasso"c‘iate
. - with the outcome rather than to
Rgggerg:iicgriT?jITeitnd sift devsﬁop a model for individualised
rediction
= 2 - %: No multivariate analysis reported
- 20 : Does not include (or control for)
at least 2 of the core factors
(female age; duration of
subfertility; cause of subfertility;
pregnancy history)
- 9: Non-systematic review
- 33 : Not a high-income OECD country
- 58 : Clinical prediction model for
pregnancy (not live birth)
- 6: Outcome is not relevant
- 54 : No calibration or discrimination
data can be extracted
- 1: Model with or without treatment
- 7 : Population not relevant
- 22 : Data cannot be extracted

Records included in review
n=20
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Appendix D Evidence tables

Evidence tables for review question: What is the predictive performance of clinical
prediction models for assessing the chances of live birth for people with health-
related fertility problems using: expectant management; intrauterine insemination
(1U1); IVF with or without intracytoplasmic sperm injection (ICSI)?

Please refer to Supplement J - Evidence tables for fertility prediction models
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Appendix E Forest plots

N

Forest plots for review question: What is the predictive performance of clinical
prediction models for assessing the chances of live birth for people with health-
related fertility problems using: expectant management; intrauterine insemination
(1U1); IVF with or without intracytoplasmic sperm injection (ICSl)?

This section includes forest plots only where there was discrimination/calibration data from
multiple external validation studies for the same clinical prediction model. Model performance
data from single studies is not presented here; the quality assessment for such outcomes is
provided in the GRADE profiles in appendix F.

O©OoONO OabhwdN

N
o

Figure 5: Meta-analysis C-statistic estimates for the Hunault (2004) model

MNguyen 2022_HM : n 0.78 [0.7790 ; 0.79]

S =y Eafimate . e e mmme 4 e
=l ary Estimate | T | (LR LR ooy W |

Prediction Interval 0.71[ MaN; NaM]

c-statistic
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1 Figure 6: Meta-analysis O:E ratio estimates for the Hunault (2004) model

Mguyen 20Z2_HM l 0.44 [0.3137 ; 0.62)
Hungult 2005 HM1 - 1.20 [1.0084 ; 1.42]
Summary Estimate % I 0.74 [0.0013 ; 417.28]
Prediction Intzrval 0.7T4[ MaN; HNaN]
4] 100 200 300 400
) Total O:E ratio
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1 Figure 7: Meta-analysis C-statistic estimates for the Templeton (1996) model

Rongieres 2015 _TW14 —— 0.61 [0.58 ; 0.68)
Smith 2015 _TM1 1 u 0.62 [0.81 ; 0.62)
MNelzon 2011_TH u 0.62 [D.81 ; 0.62)
Arvis 2012_TM1 el 0.64 [0.62 ; 0.63)
Summany Estimate H 0.82 [0.81 ; 0.63)
Prediction Interval H 0.82 [0.80 ; 0.64)
0.00 0.25 0.50 0.75 1.00
2 c-statistic
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1 Figure 8: Meta-analysis C-statistic estimates for the Templeton (1996) model, with centre-
2 specific fitting

Arvis 2012_THz | = 0.88 [D.67 ; 0.70]

Raongizres 2015_Th2 - § —- 0.71 [D.85 ; 0.75]

Summary Estimate § |—<>—| 0,85 [0.61 ; 0.76]

Prediction Interval 0.89 [ MaM ; MaN])

0.0 0.25 05D 0.7% 1.00
3 c-statistic
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1 Figure 9: Meta-analysis C-statistic estimates for the McLernon (2016) pre-treatment model

Bhattacharya 2021_McLM1 1 | 0.80 [0.59 ; 0.61]
Leiidekkers 2015_McLM1 1 Po. 0.82 [0.59 ; 0.64]
Ratna 2023_McLM1 : = 0.67 [0.66 ; 0.68]

Summary Extimats - § |—<>—| 0.83 [D.54 ; 0.72]

Prediction Interval | | 0.83 [0.15 ; 0.594]

0.00 0.25 0.50 0.75 1.00
2 c-statistic
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1 Figure 10: Meta-analysis C-statistic estimates for the McLernon (2016) post-treatment
2 model

Leijdekkers 2018 _MclM2 = 0.71 [0.69 ; 0.74]
Ratna 2023_kcLhz | u 0.75 [0.74 ; 0.78]
Summary Estimate I : - I 0.73 [0.43 ; 0.51]
Prediction Interval 0.73 [ MaM ; MaN]
0.00 0.25 0.50 0.75 1.00
3 c-ztatistic
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1 Figure 11: Meta-analysis C-statistic estimates for the van Loendersloot (2013) model

Devros 2020 VLM - 0.64 [0.61 ; 0.68)
Saraiz 2018 VLM - 0.64 [D.81 ; 0.67)
Summary Estimate % 0.84 [0.84 ; 0.64)
Prediction Intzrval 0.84 [ MaN ; MaN])
0.00 0.25 0.50 0.75 1.00
2 c-statistic
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1 Figure 12: Meta-analysis C-statistic estimates for the van Loendersloot (2013) model, with
2 centre-specific fitting

Sarais 2016_VLM § - 0.64 [0.61 ; 0.68]
Dewvros 2020 VLM A - 0.68 [0.85 ; 0.71)
Summary Estimate | I - I .86 [0.39 ; 0.85)
Prediction Interval 0.86 [ MaM ; MaN])
0.00 0.25 0.50 0.75 1.00
3 c-statistic
4
5
6
7
8
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Appendix F GRADE tables

GRADE tables for review question: What is the predictive performance of clinical prediction models for assessing the
chances of live birth for people with health-related fertility problems using: expectant management; intrauterine insemination
(1U1); IVF with or without intracytoplasmic sperm injection (ICSI)?

Table 5: Evidence profile for clinical prediction models for expectant management

No of Model/
studies predictors

External validation

2 HM (without
PCT)

1 (Hunault = HM (with PCT)
2005)

Model development

1 (Collins *Duration of
1995) subfertility
(=36 months)

*Female age
(=30 years)

*Pregnancy
history

Risk of
bias

very
serious?

very
serious?

very
serious?

Quality assessment

Inconsistency

not estimable®

no serious
inconsistency

no serious
inconsistency

Indirectness

no serious
indirectness

no serious
indirectness

no serious
indirectness

Imprecision

very
serious*

serious®

serious®

Other
considerations

none

none

none

No of
participants/
cycles

N
participants:
627

N cycles: NR
N
participants:

302

N cycles: NR

N
participants:
2198

N cycles: NR
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Model performance

C-statistic
(95% ClI)

0.71(0.007
to 1.00)

0.63 (0.51 to
0.75)

0.59 (0.56 to
0.63)

78

Number of
observed and Quality Importance
expected live
births, and O:E
ratio
Observed: 121 VERY CRITICAL
LOW
Expected: 144
O:E ratio (95% Cl):
0.74 (0.001 to 417)
Observed: 91 VERY CRITICAL
LOW

Expected: 95

O:E ratio (95% ClI):
0.96 (NR)

Observed: 263 VERY CRITICAL
LOW
Expected: NR

O:E ratio: NR
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(secondary
infertility)

*Cause of
subfertility
(tubal;
endometriosis)

*Male factor
(oligospermia
or
azoospermia)

1 (Nguyen = <Duration of very
2022) subfertility serious?
(continuous)

*Female age
(continuous)

*Pregnancy
history
(secondary
infertility;
primary
infertility)

*Sperm
motility
(continuous)

*Serum AMH
(ng/ml)

1 (Snick Model 1: very
1997) serious?
*Duration of

subfertility
(<24 months)

*Cause of
subfertility
(tubal;

ovulatory)

*Post-coital
test
(abnormal)

no serious
inconsistency

no serious
inconsistency

no serious
indirectness

no serious
indirectness

no serious
imprecision

no serious
imprecision

none

none

N
participants:
325

N cycles: NR

N
participants:
726

N cycles: NR
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0.797 (0.792 Observed: 30 LOW
to 0.802)
Expected: NR
O:E ratio: NR
0.79 (0.75 to Observed: 201 LOW
0.83)

Expected: NR

O:E ratio: NR
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CRITICAL

CRITICAL
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1 (Snick
1997)

Model 2: very
serious?
*Duration of

subfertility

(<24 months)

*Female age
(<30 years)

*Pregnancy
history
(secondary
infertility)

*Cause of
subfertility
(tubal;

ovulatory)

*Male factor
(WHO semen
abnormality)

no serious
indirectness

no serious
inconsistency

no serious
imprecision®

none N Development
participants: dataset: 0.76
726 (0.72 t0 0.8)
N cycles: NR Validation
dataset: 0.67
(0.63 to 0.7)

Observed: 201
Expected: NR

O:E ratio: NR

LOwW

CRITICAL

AMH: anti-Miillerian hormone; C-statistic: concordance statistic; Cl: confidence interval; HM: Hunault (2004) model; NR: not reported; O.E: observed.expected; PCT: post-coital
test; PROBAST: Prediction model Risk Of Bias ASsessment Tool

"Hunault 2005; Nguyen 2022

2 Very serious risk of bias in the evidence contributing to the outcome as per PROBAST checklist
3 Prediction interval could not be calculated as <3 studies
495% ClI crosses 2 clinical decision making thresholds
595% Cl crosses 1 clinical decision making threshold

6 No serious imprecision based on the validation dataset which is the higher level of evidence

Table 6: Evidence profile for clinical prediction models for intrauterine insemination (I1Ul)

No of
studies

Model/
predictors

Risk of
bias

Model development

Quality assessment

Inconsistency Indirectness

Imprecision

Model performance

Other a rt?; c;fntsl C-statistic
considerations P P (95% ClI)
cycles
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expected live
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Importance
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1 (Hansen | <Duration of very
2016) subfertility serious’
(continuous; in
months)
*Female age

(continuous)

*Pregnancy
history (prior
loss yes/no)

*Ovarian
stimulation
agent
(clomifene
citrate;
letrozole;
gonadotropin)

*Income
(<$50,000;
2$50,000)

no serious
inconsistency

no serious
indirectness

no serious none N
imprecision participants:
900
N cycles:
2572

0.65 (0.61 to
0.69)

Observed: 223 LOW
Expected: NR

O:E ratio (95% Cl):
NR

1 C-statistic: concordance statistic; Cl: confidence interval; NR: not reported; O:E: observed:expected; PROBAST: Prediction model Risk Of Bias ASsessment Tool
2 ' Very serious risk of bias in the evidence contributing to the outcome as per PROBAST checklist

3

4 Table 7: Evidence profile for clinical prediction models for in vitro fertilisation (IVF)

5

. Model/ Risk of
No of studies predictors bias
External validation
41 ™ very
serious?

Quality assessment

Inconsistency

no serious

inconsistency

Indirectness

serious®

No of
participants/
cycles

Other

Imprecision N .
P considerations

none N
participants:
NR

no serious
imprecision

N cycles:
288594
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Model performance

Number of
e observed Quality
C(;sst;t'étll)c and expected
° live births,
and O:E ratio
0.62 (0.61 to Observed: VERY LOW
0.63) 69476

Expected: NR

O:E ratio
(95% CI): NR

81

CRITICAL

Importance

CRITICAL
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24

1 (Rongieres
2015)

1 (Smith
2015)

38

210

212

TM (centre-
specific fitting)

TMA

NLM

McLM1 (pre-
treatment)

McLM1 (post-
treatment)

VLM

very
serious?

very
serious?

serious’

serious’

serious’

very
serious?

not estimable®

no serious
inconsistency

no serious
inconsistency

very serious®

not estimable®

not estimable®

serious®

serious®

serious®

serious®

serious®

very
serious®

serious®

serious®

no serious
imprecision

serious®

very
serious’"

no serious
imprecision

none N
participants:
NR

N cycles:
13616

none N
participants:
NR

N cycles:
715

none N
participants:
NR

N cycles:
130960

none N
participants:
102135

N cycles: NR

none N
participants:
92546

N cycles:
147615

none N
participants:
1363

N cycles:
2053
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0.69 (0.61 to
0.76)

0.76 (0.71 to
0.80)

0.628 (0.625
t0 0.631)

0.63 (0.54 to
0.72)

0.73 (0.43 to
0.91)

0.64 (0.64 to
0.64)

82

Observed:
2399

Expected: NR

O:E ratio
(95% CI): NR

Observed:
108

Expected: NR

O:E ratio
(95% CI): NR

Observed:
33526

Expected:
30383

O:E ratio
(95% Cl):
0.905 (0.896
t0 0.913)
Observed: NR
Expected: NR

O:E ratio
(95% CI): NR

Observed:
41426

Expected: NR

O:E ratio
(95% CI): NR

Observed:
555

Expected: NR

O:E ratio
(95% CI): NR

VERY LOW

VERY LOW

LOW

VERY LOW

VERY LOW

VERY LOW

CRITICAL

CRITICAL

CRITICAL

CRITICAL

CRITICAL

CRITICAL
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212

VLM (centre- very not estimable® = very

Model development

1 (Arvis 2012)

specific fitting) | serious? serious™
Model very no serious serious®
development serious? inconsistency

(TM +

additional

variables):

*Duration of
subfertility 1
year; 4 years; 7
years; 13
years)

*Female age
(quadratic and
cubic
polynomial
components of
age)

*Female BMI
(>26 or <18)

*Pregnancy
history
(previous LB
with IVF;
previous non-
LB with IVF;
previous LB not
by IVF;
previous non-
LB not by IVF)

*Previous IVF
treatment
outcome
(number of
previous
unsuccessful
IVF attempts)

very
serious'"

no serious
imprecision

none

none

N

participants:

1363

N cycles:
2053

N

participants:

NR

N cycles:
12901

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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0.66 (0.39 to
0.86)

0.71 (0.68 to
0.74)

83

Observed:
555

Expected: NR

O:E ratio
(95% CI): NR

Observed:
2291

Expected: NR

O:E ratio
(95% CI): NR

VERY LOW

VERY LOW

CRITICAL

CRITICAL
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*Cause of
subfertility
(tubal factor)

*Markers of
ovarian reserve
(FSH>10)

*Smoking
(smokes or
smoked in the
past)

*Year (from
2011)

1 *Female age very
(Balachandren | (36-37; 38-39; serious?
2020) 40-42)

*Markers of
ovarian reserve
(FSH>12;
AMH>8.5)

1 (Devroe
2020)

Model very
development serious?
(VLM +

additional

variables):

*Duration of
subfertility
(continuous; 5
years)

*Female age
(continuous)

*Pregnancy
history
(previous
delivery
yes/no)

*Previous IVF
treatment
outcome
(number of
previous failed

no serious
inconsistency

no serious
inconsistency

very
serious®

very
serious®

no serious
imprecision

no serious
imprecision

none N

participants:

NR

N cycles:
516

none N

participants:

591

N cycles:
1281
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0.68 (0.63 to
0.73)

0.71 (0.68 to
0.75)

84

Observed:
357

Expected: NR
O:E ratio
(95% CI): NR
Observed:
344
Expected: NR

O:E ratio
(95% CI): NR

VERY LOW

VERY LOW

CRITICAL

CRITICAL
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IVF/ICSI
cycles: 0; 1; 2;
3,4, 5)

*Markers of
ovarian reserve
(FSH
continuous;
FSH=<10)

*Male factor
infertility
(yes/no)

*Embryo
quality
(morphological
score of all
embryos day 3
in previous
cycle)

*Embryo grade
(=1 8-cell
embryo on day
3 in previous
cycle; 21
morula on day
3 in previous
cycle; 21 8-cell
embryo on day
3 in current
cycle; 21
morula on day
3 in current
cycle)

*Number of
oocytes
retrieved
(number of
embryos after
oocyte retrieval
in previous
cycle; number
with 210
embryos after
oocyte retrieval
in previous
cycle; number
of embryos

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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after oocyte
retrieval in
current cycle;
number with
210 embryos
after oocyte
retrieval in
current cycle)

*Endometriosis
(yes/no)
1 (Dhillon *Duration of no no serious
2016) subfertility (0-4 = serious
years; 25 risk of
years) bias

*Female age
(<36 years;
>36 years)

*BMI
(continuous)

*Pregnancy
history
(previous live
birth; previous
miscarriage)

*Cause of
subfertility
(male factor;
tubal factor;
anovulation;
unexplained;
other)

*Markers of
ovarian reserve
(AFC
continuous;
AFC squared)

*Male factor
infertility
(yes/no)

Ethnicity
(white; Asian;
black; Chinese;

inconsistency

no serious none N
imprecision participants:
9915
N cycles:
9915

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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0.62 (0.60 to

86

0.64)

Observed:
863

Expected: NR

O:E ratio
(95% CI): NR

HIGH

CRITICAL
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1 (Hamdine
2015)

1 (La Marca
2021)

other; not
stated; mixed)

*Female age
(continuous)

*Pregnancy
history (primary
infertility;
secondary
infertility)

*Previous IVF
treatment
outcome
(number of
previous ART
treatments)

*Markers of
ovarian reserve
(AMH
continuous)

Model 1 (pre-
treatment):

*Duration of
subfertility (<1
year; 1-3; 4-6;
7-9; 10-12;
>12)

*Female age

(18-34; 35-37;
38-39; 40-42;
43-44; 45-50)

*Pregnancy
history (female
primary
infertility
yes/no)

*Cause of
subfertility
(unknown; low
sperm count
only; ovulatory
only; tubal

very
serious?

very
serious?

no serious
inconsistency

no serious
inconsistency

no serious
indirectness

very
serious®

serious®

no serious
imprecision

none

none

N
participants:
487

N cycles:
1363

N
participants:
57699

N cycles:
57699

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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0.59 (0.56 to
0.63)

0.61 (0.60 to
0.61)

87

Observed:
245

Expected: NR

O:E ratio
(95% CI): NR

VERY LOW

Observed: NR = VERY LOW

Expected: NR

O:E ratio
(95% CI): NR

CRITICAL

CRITICAL
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1 (La Marca
2021)

1 (La Marca
2021)

disease only;
other)

Model 2
(current cycle
variable added
to pre-
treatment
model):

*Duration of
subfertility (<1
year; 1-3; 4-6;
7-9; 10-12;
>12)

*Female age

(18-34; 35-37;
38-39; 40-42;
43-44; 45-50)

*Pregnancy
history (female
primary
infertility
yes/no)

*Cause of
subfertility
(unknown; low
sperm count
only; ovulatory
only; tubal
disease only;
other)

*Number of
oocytes
retrieved (1-4;
5-9; 10-14; 15-
19; 220)

Model 3
(current cycle
variables
added to pre-
treatment
model):

very
serious?

very
serious?

no serious
inconsistency

no serious
inconsistency

very
serious®

very
serious®

no serious none N
imprecision participants:
52960

0.67 (0.66 to
0.67)

N cycles:
52960

no serious none N
imprecision participants:
50870

0.65 (0.64 to
0.65)

N cycles:
50870

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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88

Observed: NR
Expected: NR

O:E ratio
(95% CI): NR

Observed: NR
Expected: NR

O:E ratio
(95% CI): NR

VERY LOW

VERY LOW

CRITICAL

CRITICAL



DRAFT FOR CONSULTATION
Clinical prediction models

1 (Leijdekkers
2018)

*Duration of
subfertility (<1
year; 1-3; 4-6;
7-9; 10-12;
>12)

*Female age

(18-34; 35-37;
38-39; 40-42;
43-44; 45-50)

*Pregnancy
history (female
primary
infertility
yes/no)

*Cause of
subfertility
(unknown; low
sperm count
only; ovulatory
only; tubal
disease only;
other)

*Number of
oocytes
retrieved (1-4;
5-9; 10-14; 15-
19; 220)

*Number of
embryos
created (1-4; 5-
9; 10-14; 15-
19; 220)

no serious
inconsistency

Model serious’”
development
pre-treatment

(McLM1 +

additional

variables):

*Duration of
subfertility
(continuous,
range of

no serious
indirectness

no serious
imprecision

N 0.66 (0.64 to
participants: 0.68)
1511
N cycles:
2881

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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89

Observed:
774

Expected: NR

O:E ratio
(95% Cl): NR

MODERATE

CRITICAL
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possible values
0-21)

*Female age
(continuous,
range of
possible values
18-50)

*BMI (weight,
kg)

*Pregnancy
history
(previous
pregnancy in
couple yes/no)

*Cause of
subfertility
(tubal factor;
anovulation;
male factor;
unexplained)

*Markers of
ovarian reserve
(AMH, ng/l;
AFC, 2-10mm)

*Male factor
infertility
(yes/no)

*Number of
cycles (cycle
number)

*Treatment
type (IVF or
ICSI)

*Year of first
egg retrieval
(as restricted

cubic spline)
1 (Leijdekkers | Model serious’”
2018) development
post-treatment
(McLM2 +

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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0.71 (0.69 to
0.73)

90

Observed:
774

Expected: NR

Low

CRITICAL
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additional
variables):

*Duration of
subfertility
(continuous,
range of
possible values

0-21)

*Female age
(continuous,
range of
possible values

18-50)

*Pregnancy
history (primary
infertility of
couple yes/no)

*Cause of
subfertility
(tubal factor
yes/no)

*Markers of
ovarian reserve
(AMH, ng/l;
AFC, 2-10mm)

*Embryo grade
(1st fresh
embryo
transfer: no
embryos
transferred;
single cleavage
stage; single
blastocyst
stage; double
cleavage
stage; double
blastocyst
stage; triple
cleavage
stage; triple
blastocyst

stage)

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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N cycles:
2881
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O:E ratio
(95% CI): NR



DRAFT FOR CONSULTATION
Clinical prediction models

1 (McLernon
2016)

*Number of
eggs collected
in 1st cycle
(range of
possible values
1-28)

*Fresh or
frozen embryo
transfer
(embryos
frozen in 1st
cycle yes/no)

*Number of
cycles (cycle
number)

*Treatment
type (IVF or
ICSlin 1st
cycle)

*Year of first
complete cycle
(as restricted

cubic spline)
Model 1 (pre- serious’ no serious no serious
treatment): inconsistency indirectness

*Duration of
subfertility
(continuous)

*Female age
(continuous, as
restricted cubic
spline)

*Pregnancy
history
(previous
pregnancy in
couple yes/no)

*Cause of
subfertility
(tubal factor;
anovulation;

no serious
imprecision

none N 0.73 (0.72 to
participants: 0.74)
113873
N cycles:
184269

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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Observed:
48925

Expected: NR

O:E ratio
(95% CI): NR

MODERATE

CRITICAL
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male factor;
unexplained)

*Male factor
infertility
(yes/no)

*Number of
cycles (cycle
number)

*Treatment
type (IVF or
ICSI)

*Year of first
egg retrieval
(as restricted
cubic spline)

1 (McLernon Model 2 (post- serious’”
2016) treatment):

*Duration of
subfertility
(continuous)

*Female age
(continuous, as
restricted cubic
spline)

*Pregnancy
history (primary
infertility of
couple yes/no)

*Cause of
subfertility
(tubal factor
yes/no)

*Embryo grade
(1st fresh
embryo
transfer: no
embryos
transferred,;
single cleavage
stage; single
blastocyst

serious®

no serious none N
imprecision participants:
113873
N cycles:
184269

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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0.72 (0.71to

93

0.73)

Observed:
48925

Expected: NR

O:E ratio
(95% CI): NR

Low

CRITICAL
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1 (Meijerink
2016)

stage; double
cleavage
stage; double
blastocyst
stage; triple
cleavage
stage; triple
blastocyst
stage)

*Number of
eggs collected
in 1st cycle (as
restricted cubic
spline)

*Fresh or
frozen embryo
transfer
(embryos
frozen in 1st
cycle yes/no)

*Number of
cycles (cycle
number)

*Treatment
type (IVF or
ICSlin 1st
cycle)

*Year of first
complete cycle
(as restricted
cubic spline)

*Female age serious’”

(age squared)

*[Cause of
subfertility not
included as
factor but
inclusion
criteria male
factor]

*Sperm motility
(oocytes
injected with

no serious none N
imprecision participants:
289
N cycles:
553

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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Development:

0.62 (0.58 to
0.68)

Validation:

0.67 (0.62 to
0.72)

94

Observed:
113

Expected: NR

O:E ratio
(95% CI): NR

VERY LOW

CRITICAL
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motile;
immotile; both
motile and
immotile)

*Male factor
infertility
(suspected
diagnosis
before sperm
retrieval:
obstructive
azoospermia;
non-obstructive
azoospermia)

*Number of
cycles (cycle
number)

*Male
hormones level
(LH
continuous;
testosterone
continuous)

1 (Nelson Model very
2011) development serious?
(TM +
additional
variables):

*Duration of
subfertility (<1
year; 1-3 years;
4-6 years; 7-9
years; 9-12
years; >12
years)

*Female age

(18-34; 35-37;
38-39; 40-42;
43-44; 45-50)

*Pregnancy
history
(previous LB
with IVF;

serious®

no serious
imprecision

none N

participants:

NR

N cycles:
144018
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0.63 (0.62 to Observed:
0.64) 33524

Expected: NR

O:E ratio
(95% CI): NR

95

VERY LOW

CRITICAL
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previous non-
LB with IVF;
previous LB not
by IVF;
previous non-
LB not by IVF)

*Previous IVF
treatment
outcome
(number of
previous
unsuccessful
IVF attempts)

*Cause of
subfertility
(unknown;
tubal only;
anovulatory
only;
endometriosis
only; cervical
only; male only;
combination
known causes)

*Number of
cycles (cycle
number 1,2,3+)

*Treatment
type (IVF or
ICSI)

*Hormonal
preparation
(antioestrogen;
gonadotropin;
hormone
replacement)

*Source of egg
(donor;
participant)

1 (Rongieres Model very
2015) development serious?
(TM +/-
variables):

serious®

none

N
participants:
NR

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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0.75(0.71 to

96

0.80)

Observed:
108

Expected: NR

VERY LOW

CRITICAL
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*Pregnancy N cycles: O:E ratio
history 715 (95% Cl): NR
(previous LB

with IVF)

*Markers of
ovarian reserve
(AMH
continuous)

*Year (from

2011)
AFC: antral follicle count; AMH: anti-Millerian hormone; BMI: body mass index; C-statistic: concordance statistic; Cl: confidence interval; FSH: follicle stimulating hormone; ICSI:
intracytoplasmic sperm injection; IVF: in vitro fertilisation; LB: live birth; LH: luteinizing hormone; McLM: McLernon model; ng/ml: nanograms per millilitre; NLM: Nelson Lawler

model; NR: not reported; O:E: observed:expected; PROBAST: Prediction model Risk Of Bias ASsessment Tool; TM: Templeton (1996) model;, TMA: Templeton-Arvis model; VLM:
van Loendersloot model

TArvis 2012; Nelson 2011; Rongieres 2015; Smith 2015

2 Vlery serious risk of bias in the evidence contributing to the outcome as per PROBAST checklist

3 Serious concern for applicability in the evidence contributing to the outcome as per PROBAST checklist
4Arvis 2012; Rongieres 2015

5 Prediction interval could not be calculated as <3 studies

695% ClI crosses 1 clinical decision making threshold

7 Serious risk of bias in the evidence contributing to the outcome as per PROBAST checklist
8Bhattacharya 2021; Leijdekkers 2018; Ratna 2023

9 Very serious heterogeneity indicated by prediction interval

10 | ejjdekkers 2018; Ratna 2023

1195% CI crosses 2 clinical decision making thresholds

2Devroe 2020; Sarais 2016

13 Very serious concern for applicability in the evidence contributing to the outcome as per PROBAST checklist

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
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Appendix G Economic evidence study selection

Study selection for: What is the predictive performance of clinical prediction
models for assessing the chances of live birth for people with health-related
fertility problems using: expectant management; intrauterine insemination
(IUI); IVF with or without intracytoplasmic sperm injection (ICSI)?

No evidence was identified which was applicable to this review question

Figure 13: Study selection flow chart

Records identified through database searching Additional records identified through other sources
n = 1385 n=0

Total records imported Records removed as duplicates
n = 1385 n = 351

Records screened in 1st sift
Screening on title and abstract Recoldfoz):fluded
n = 1034 =

Records included in review
n=0
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Appendix H Economic evidence tables

Economic evidence tables for review question: What is the predictive
performance of clinical prediction models for assessing the chances of live
birth for people with health-related fertility problems using: expectant
management; intrauterine insemination (IUl); IVF with or without
intracytoplasmic sperm injection (ICSI)?

No evidence was identified which was applicable to this review question.
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Appendix | Economic model

Economic model for review question: What is the predictive performance of
clinical prediction models for assessing the chances of live birth for people
with health-related fertility problems using: expectant management;
intrauterine insemination (IUl); IVF with or without intracytoplasmic sperm
injection (ICSI)?

Cost-utility analysis of IVF provision on the NHS

Introduction

The NICE 2013 guideline (CG156) made recommendations on access criteria to IVF
treatment on the NHS based on an economic evaluation. This analysis relied on the use of
prediction models to estimate the treatment effectiveness of IVF, but we were aware that
newer prediction models have been developed subsequently. Therefore, a new economic
model was developed for this guideline to utilise this newer prediction model evidence.

Methods
Setting and population

The model setting was for the NHS and the population was people with health-related fertility
problems. The model population comprised women of reproductive age, from 20-45 years of
age. Not achieving a live birth from spontaneous conception after 2 years of trying was
accepted as establishing an unexplained health-related fertility problem in those without an
identified cause of subfertility. Therefore, the lower age limit in the model was derived from
the beginning of adulthood plus 2 years of trying to conceive spontaneously. The upper age
limit was accepted by the committee as being a reasonable approximation for the end of a
woman’s reproductive life, whilst recognising that spontaneous conception can occur in older
women.

The model assesses the cost-effectiveness of IVF for the following causes of subfertility.
e Unknown

e Tubal

e Anovulation

e Mild endometriosis

e Severe endometriosis

e Male factor

e Cervical

e Combined

Time horizon

To estimate cumulative live births the time horizon of the model was from the age of starting
treatment to the end of the woman’s reproductive life. This was adopted to reflect that
expectant management is not time limited and that spontaneous conception can still occur
following unsuccessful fertility treatment. However, it was assumed that improvements in
health state utility from a live birth would be lifelong and therefore a longer lifetime horizon
was used to estimate the Quality Adjusted Life Year (QALY) gain from a live birth. This was
calculated from the age at giving birth to death, based on the remaining life expectancy for a
woman of that age.
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The model assumed a 2-month interval spacing between IVF cycles, but this was varied in a
sensitivity analysis.

Model structure

The health economic model was developed in Microsoft Excel® to compare the cost
effectiveness of 1 to 6 cycles of IVF. The model was restricted to a maximum of 6 cycles,
reflecting the upper limit of cycles in prediction models for IVF utilised in this analysis.

The model included the following treatment strategies:

1. Expectant management (EM) for the remainder of the woman'’s reproductive life
without IVF (no IVF)

2. One cycle of IVF, followed by EM for the remainder of the woman’s reproductive life if 1
full cycle of IVF was unsuccessful (IVF1)

3. Up to 2 cycles of IVF, followed by EM for the remainder of the woman’s reproductive
life if the 2 cycles of IVF were unsuccessful (IVF2)

4. Up to 3 cycles of IVF, followed by EM for the remainder of the woman’s reproductive
life if the 3 cycles of IVF were unsuccessful (IVF3).

5. Up to 4 cycles of IVF, followed by EM for the remainder of the woman’s reproductive
life if the 4 cycles of IVF were unsuccessful (IVF4).

6. Up to 5 cycles of IVF, followed by EM for the remainder of the woman’s reproductive
life if the 5 cycles of IVF were unsuccessful (IVF5).

7. Up to 6 cycles of IVF, followed by EM for the remainder of the woman’s reproductive
life if the 6 cycles of IVF were unsuccessful (IVF6).

Modelling approach

The model utilised a simple Markov approach as shown in Figure 14. The model used a
Markov cycle of 1-month to approximate the menstrual cycle. In each cycle women who had
not already had a live birth would either remain in a “no birth” health state or transition to the
“live birth” state if they had a successful outcome from fertility treatment or a birth from
spontaneous conception if treatment was completed. “Live birth” was an absorbing state with
any future fertility not considered in the analysis.

The model accounted for the possibility of live birth from expectant management after
completion of active treatment for the woman’s remaining reproductive life, which was
estimated using a published prediction model (van Eekelen 2017).

The decision tree for fertility treatment for the differing model outcomes and events
associated with that treatment is illustrated in Figure 15.

101
Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]



DRAFT FOR CONSULTATION
Clinical prediction models

Figure 14: Markov schematic to assess fertility treatments across a woman’s
reproductive life cycle

Sub fertile
(No birth)
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Figure 15: Decision tree illustrating the outcomes of IVF

Furthur treatment or
OHSS |
No OHSS No birth Further tlrzi;:tment or

Singleton Live birth
Multiple == |ive birth
Further treatment or
EM
No OHSS

Further treatment or
:‘ EM

2  Clinical outcomes
3  The clinical outcomes incorporated into the model were:
102

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]



O©oo~NOoOOL A WN -

G G I G,
AP WN-0O

-
~N O

—_
O o

N
o

NN
[\ =N

NN
A~ W

NN
[e20Xé)

N N
o N

N
[(e]

WWWww
A WN-0

ABEADRARBEBRARDBRERDROLOLWLO®W
NO AR WN-_2OOONOO,

DRAFT FOR CONSULTATION
Clinical prediction models

— Live birth
— Singleton/multiple birth
— Ovarian hyperstimulation syndrome (OHSS)

The purpose of fertility treatment is to increase live birth rates compared to those that would
be achieved in the absence of treatment, and therefore that is clearly the most critical clinical
outcome in the model. However, fertility treatment is also associated with higher rates of
multiple birth and can lead to OHSS. Multiple pregnancy from IVF is not universally
considered an undesirable outcome of fertility treatment (Gleicher, 2009) especially where
more than one child is wanted to “complete the family”. However, as multiple pregnancy is
linked to much higher rates of preterm birth it was included within the model in order to
capture its higher costs and to reflect that policy makers have worked to reduce the multiple
birth rate from IVF (Qur campaign to reduce multiple births | HFEA). OHSS is known as
important complication of fertility treatment which can have implications for health-related
quality of life and costs.

Prediction models

Prediction models were used in this evaluation in order to estimate the effective of IVF
treatment relative to no treatment or EM.

Four prediction models were identified for use in the health economic model:

i. van Eekelen (2017) — base case analysis prediction model for live birth arising
from spontaneous conception

ii. OPIS pre-IVF (McLernon 2016, Ratna 2023) — base case analysis prediction
model for live birth resulting from IVF

iii. Hunault (2004) — sensitivity analysis prediction model for live birth arising from
spontaneous conception

iv. IVF Predict (Nelson 2011) — sensitivity analysis prediction model for live birth
resulting from IVF

The Hunault prediction model and IVF Predict were the prediction models used for the
economic analysis undertaken in the previous guideline. Both models were identified in our
systematic review of the prediction model literature and have been retained for the purposes
of sensitivity analysis. However, 2 newer prediction models were preferred for the base case
analysis.

Unlike the Hunault prediction model, the van Eekelen prediction model is a dynamic
prediction model. Such dynamic prediction models are better suited to this analysis as they
allow repeated predictions to be made over different periods of time giving estimates of
cumulative live birth rates. Hunault is not a dynamic prediction model, and its output
represent a prediction of live birth occurring in the next year. Whilst it is possible to generate
cumulative live birth rates using the Hunault model by adjusting the model predictors as they
change over time, the model was not designed or validated to predict cumulative live birth
rates over time. Furthermore, the previous NICE fertility guideline CG156 noted, as a
limitation of the Hunault model, that it was based on cohorts where the average age of the
population is younger than would be observed in the population covered by this model.
Based on their clinical knowledge and experience, the previous guideline committee believed
that Hunault overestimated spontaneous conception leading to live birth, especially in older
age groups.
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The van Eekelen prediction model was excluded from our systematic review because it used
ongoing pregnancy at a gestational age of at least 12 weeks rather than live birth as an
outcome. Our review protocol stipulated live birth as an outcome as we did not want to
include studies which used clinical pregnancy instead (a clinical pregnancy is a pregnancy
confirmed by ultrasound). Clinical pregnancy is a common surrogate for live birth in fertility
research as it requires less follow-up, but for the purpose of this analysis we wanted a
prediction of live birth as that is true outcome of interest. However, ongoing pregnancy at a
gestational age of at least 12 weeks is a far better proxy for live birth than clinical pregnancy
as it is estimated that around 95% of such pregnancies would result in a live birth
(Braakhekke 2014) compared to around 82% from clinical pregnancies resulting from
assisted reproduction (CDC 2021). Therefore, given its other advantages over the Hunault
model, we believed that the van Eekelen was the best model to use for the estimation of
spontaneous conception to live birth. It should be noted that for severe endometriosis, tubal,
anovulatory and cervical causes of infertility it was assumed that there was a zero probability
of spontaneous conception leading to live birth and therefore no EM prediction was required
for the analysis of these causes.

The OPIS pre-IVF model, which was included in our systematic review, was preferred to IVF
predict for prediction of live birth arising from IVF. This was foremost because the OPIS
model was also designed and validated to predict cumulative live births over a number of IVF
cycles. Additionally, it is based on more recent HFEA data and is therefore likely to capture
possible improvements in effectiveness since IVF Predict was developed. Out of a concern
for patient confidentiality, various age categories (18-34, 35-37, 38-39, 40-42) were used for
the age predictor in IVF Predict but this leads to some anomalies when used to estimate the
treatment effect relative to EM, where age is a continuous variable. Thus, while predicted live
birth falls constantly in the EM prediction model, it is constant within a particular age range in
IVF Predict. That means that within that IVF Predict age band, IVF appears more effective
with increasing age, as a constant IVF live birth prediction is contrasted with a falling EM
prediction. Finally, IVF Predict as used to estimate cumulative live birth for the economic
model, could produce a counter intuitive result where the probability of live birth in
subsequent cycles was higher than in previous cycles. Whilst this arises from using IVF
Predict to estimate cumulative live birth over a number of cycles, for which it is not designed,
it is nevertheless an important limitation, as worsening average prognosis and decline in the
probability of live birth with increasing cycles would be expected, a phenomenon referred to
as depletion of susceptibles.

Below, we describe in more detail the prediction models, including their predictors, equations
and any adaptations made for the purposes of this economic analysis.

i. van Eekelen (base case)

The predictors in the van Eekelen model are as follows:
— Woman'’s age
— Duration of subfertility
— Primary subfertility (1 = yes; 0 = no)
— Percentage motile sperm
— Referred by a gynaecologist (1 = yes; 0 = no)

The formula used to estimate spontaneous conception leading to live birth is given by:
U = Exp (P1)/(1+Exp (PI))
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Where:

u is the probability of spontaneous conception leading to live birth in the first
menstrual cycle

Pl is the Prognostic Index which is calculated as follows:

Pl = constant + (a1 x age1) + (azx age1) + (az x duration) + (a4 x primary subfertility) +
(as x % motile sperm) + (as x Gynaecological referral)

Where:
agel = age if age < 31 years or
agel =31 if age = 31 years
age2=0 if age < 31 years or

age2 = 31 —age if age = 31 years
The coefficients for the formula used to calculate Pl are given in Table 8.
Table 8: PI formula coefficient values for van Eekelen prediction model

Coefficient Value
Constant -1.56

(of} -0.037
Qs -0.074
a3 -0.241
ay -0.359
Qs 0.0062
(o f5 -0.654

The following formula is then used to calculate subsequent probability of spontaneous
conception leading to live birth after previously unsuccessful cycles.

p= l—li: m+j—11— u+ix 0.1
i=m 1+ix0.1

Where:
P = predicted cumulative probability over the next j cycles
m = number of previous unsuccessful EM cycles

The authors report that this model was developed and internally validated over 32 cycles and
therefore they recommend that predictions are not made for longer periods. However, given
the time horizon of our model, most scenarios required prediction over a longer period and
therefore this model was used to make predictions for the remainder of the women’s
reproductive life. The impact of this is illustrated in Figure 16 for a woman at a starting age of
34 years, with 2 years of trying to conceive, never having had a pregnancy, with a partner
with 40% motile sperm and a gynaecology referral. The plot marked in blue represents the
first 32 menstrual cycles with the orange representing predictions beyond that. Whilst
recognising that there is greater uncertainty for predictions made beyond 32 months the
logarithmic shape of the curve is in line with expectations about declining increases in
cumulative live birth over time and therefore, we consider that these predictions, in the
absence of any alternative, would still be useful for our purposes.

In addition to estimating the cumulative live birth rates for EM, the van Eekelen model was
also used to predict spontaneous conception leading to live birth in women who had
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completed their IVF treatment without achieving a live birth. In this the case the starting
parameters for the van Eekelen prediction model would be adjusted to take account of a
slightly older age and duration trying to conceive.

Figure 16: lllustration of predicted cumulative live birth rates from the van Eekelen
model
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i. OPIS pre-IVF (base case)

The original OPIS pre-IVF model (McLernon 2016) was based on 113,873 women in the
HFEA registry who started treatment between 1999 and 2008. The model was subsequently
externally validated using more recent HFEA data in a population of 91,035 women who had
IVF treatment between January 2010 and December 2016 (Ratna 2023). As a result, the
model was recalibrated and the equation updated. We used the OPIS pre-IVF calculator
based on these revised equations.

The predictors in the OPIS pre-IVF model are listed below:
— Woman'’s age
— Duration of subfertility
— Previous pregnancy (0 = yes; 1 =no)
— Tubal problem (1 = yes; 0 = no)
— Anovulation (1 = yes; 0 = no)
— Male factor (1 = yes, 0 = no)
— Unexplained (1 = yes; 0 = no)
— Treatment (1 = ICSI; 0 = IVF)

The formulas used in the OPIS pre-IVF model are outlined below:

Age1 = MAX((Age-26)/k_age,0)"3+(11*(MAX((Age-41)/k_age,0))"3-(15)*MAX((Age-
37)/k_age,0)"3)/4

Age2 = MAX((Age -31)/k_age,0)"3+(6*MAX((Age -41)/k_age,0)"3-(10)*MAX((Age -
37)/k_age,0)"3)/4
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Age3 = MAX((Age-34)/k_age,0)"3+(3*MAX((Age -41)/k_age,0)"3-(7)*"MAX((Age -
37)/k_age,0)"3)/4

Year1 = MAX((Year+9)/k_year,0)*3+((6)*MAX((Year)/k_year,0)"3-
(9)*MAX((Year+3)/k_year,0)*3)/(3)

Year2 = MAX((Year+6)/k_year,0)"3+((3)*MAX((Year)/k_year,0)"3-
(6)*MAX((Year+3)/k_year,0)*3)/(3)

Where:

Year =0
K_age = 15%(2/3)
K_year = 9(2/3)

Then calculate:

XB = -1.775 + (0.025*Age) + (-0.222*Age1 ) + (0.732*Age2_) + (-1.804*Age3_) +

(-0.016*Duration) + (-0.143*Previous_Preg) + (-0.091*Tubal) + (0.139*Anovulation) +
(0.051*Male_factor) + (0.057*Unexplained) + (-0.006*ICSI) +

(-0.111*Year) + (0.255*Year1) + (-0.587 *Year2)
The to calculate the probability of birth in each cycle:

Poycie1= Exp (XB) / (1+Exp (XB))

Poyoiez = Exp (XB-0.226) / (1+Exp (XB-0.226))
Poyoies = Exp (XB-0.388) / (1+Exp (XB-0.388))
Poyoies = Exp (XB-0.531) / (1+Exp (XB-0.531))
Paycies = Exp (XB-0.679) / (1+Exp (XB-0.679))
Paycies = Exp (XB-0.768) / (1+Exp (XB-0.768))

An example of cumulative live birth rates across 6 cycles of IVF is depicted in Figure 17. It is
for a woman starting treatment at age 34 years, with 2 years of trying to conceive, never
having had a pregnancy, unknown cause, no male factor and not using ICSI.
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Figure 17: lllustration of predicted cumulative live birth using the OPIS pre-IVF
prediction model
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ii.  Hunault (sensitivity analysis)

The Hunault model was developed based on primary data from 2459 sub-fertile couples from
3 different studies (Eimers et al., 1994, Collins et al., 1995; Snick et al., 1997) and predicts
spontaneous conception leading to live birth based on:

— Woman'’s age

— Duration of subfertility

— Primary subfertility (1 = yes; 0 = no)
— Percentage motile sperm

— Tertiary couple (1 = yes; 0 = no)

The formula used in this model to predict a spontaneous conception leading to live birth is
given by:

P = (1—0.181°)

Where:

P is the predicted probability of spontaneous conception leading to live birth within 1
year

Pl is the Prognostic Index, given by:

Pl = (B1x AGE1) + (B2x AGE2) + (B3 x duration of subfertility) +
(B4 x primary subfertility) + (85 x percentage of motile sperm) +
(Bs x tertiary-care couple)

Where:

AGE1 is the woman'’s age if she is 31 years or younger, or 31 if the woman’s age is
more than 31 years.

AGE?2 is the difference between woman'’s age and 31 years if the woman’s age is
more than 31 years and zero if the woman is 31 years or younger.

The coefficients for the formula used to calculate Pl are given in Table 9.
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Table 9: PI formula coefficient values for Hunault prediction model

B: -0.03
B2 -0.08
Bs -0.19
B4 -0.58
Bs -0.008
Bs -0.25

Cumulative live birth rates are estimated by incrementing the age and duration parameters
for subsequent 12-month periods. Figure 18 gives an example of cumulative live birth rates
for a woman at a starting age of 34 years, with 2 years of trying to conceive, never having
had a pregnancy, with a partner with 40% motile sperm and in tertiary care.

Figure 18: lllustration of predicted cumulative live birth rates using the Hunault
model
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iv.  IVF Predict (sensitivity analysis)

The IVF Predict model was based on data of 144,018 fresh IVF cycles undertaken in the UK
between 2003 and 2007 held on the HFEA database. A multivariable logistic regression
model was used to assess associations between pre-defined characteristics and live birth
formed the basis of the prediction model.

Live birth is predicted from the following variables:
— Woman'’s age
— Duration of subfertility
— Own or donor eggs

— Cause (unknown, anovulatory only, endometriosis only, cervical only, low sperm
count, combined causes)

— IVF attempts

— Unsuccessful IVF attempts
— Pregnancy history

— Medication
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— ICSl used
The formula used in IVF Predict is as follows:
P = exp(y) + (1+exply])
Where:
P is the probability of live birth

y =-1.1774 + (age and duration effect) + (age and source of embryo effect) + (ICSI
and cause effect) + (ICSI and cycle number effect) + (previous number of
unsuccessful IVF attempts) + (previous obstetric history effect) + (hormonal
preparation effect)

The values for these effects can be found in tables produced as supplementary material
(Text S2) to the published paper (Nelson 2011) which is available for download from:
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000386#s6.

In order to derive cumulative live birth rates for subsequent cycles of IVF, age and duration
parameters are incremented by the months since the previous cycle. Also, the parameters
relating to IVF attempts and unsuccessful IVF attempts are also incremented for subsequent
cycles. The outputs of IVF Predict do not always show a subsequent IVF attempt to have a
lower probability of success than a previous attempt. In the absence of better patient
selection with increasing cycles it would be expected that the pool of remaining infertile
women would have a worsening average prognosis as the number of failed cycles increases.
Therefore, in our analysis the probability of live birth in a cycle is constrained to not exceed
the probability in a previous cycle.

Figure 19 gives an example of cumulative live birth rates across 6 IVF cycles for a woman
starting treatment at age 34 years, with 2 years of trying to conceive, never having had a
pregnancy, unknown cause, using her own eggs, using gonadotropin and not using ICSI.

Figure 19: lllustration of predicted cumulative live birth rates using the IVF Predict

CUMULATIVE LIVE BIRTH RATE

0%
1st Cycle 2nd Cycle 3rd Cycle 4th Cycle 5th Cycle 6th Cycle
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Matching the model predictors

The effectiveness of IVF compared to treatment alternatives was estimated using the
prediction models outlined above. The variables included for predicting the success of the
intervention and the success of expectant management were not identical. Therefore, the
inputs were set to make the populations for the different models as closely matched as
possible but additional assumptions were introduced in this process:

¢ van Eekelen and Hunault output was based on being ‘referred by a gynaecologist’ rather
than a GP as the population covered by the guideline would typically be under specialist
care rather than primary care and would best match the populations in the IVF prediction
model who would be in tertiary care.

e Model output assumed that it was the woman’s own eggs rather than donor eggs. In IVF
Predict this was a predictor.

¢ Inthe OPIS pre-IVF tool, prediction was based on a population using their own eggs.
However, within IVF Predict the source of embryo (own or donor) could be varied. The
model developed for this guideline was based on a population using their own eggs.

¢ |IVF Predict also included the medication used for ovarian stimulation as a predictor. It was
assumed for this analysis that the medication used for ovulation induction would be
gonadotrophins as that reflects most UK practice.

e The van Eekelen, Hunault and OPIS pre-IVF models included primary subfertility as a
dichotomous prediction variable. IVF Predict allowed pregnancy history to be classed in 6
different ways but to match IVF Predict with the other prediction models and the majority
of the population covered by our guideline, we used “no previous IVF, no previous
pregnancy”.

e The IVF prediction models included a male factor cause (unspecified in OPIS pre-IVF and
low sperm count in IVF Predict) as a dichotomous predictor whereas the spontaneous
conception models included percentage motile sperm as a predictor. For male factor
cause in the spontaneous conception model, we assumed that 40% sperm motility or
higher excluded a male factor cause. This was based on the World Health Organization
(WHO) reference characteristics for human semen (Cooper 2009). Where a diagnosis of
low sperm count was used in IVF Predict or simple male factor cause in OPIS pre-IVF, a
sperm motility of 20% was used in the van Eekelen and Hunault models. The simplifying
assumption was made that sub-optimal sperm motility (more precisely a sub-optimal value
of 20%) is likely to be associated with a low sperm count in terms of its predicted impact
on live birth rates.

e The populations of the studies used to inform predictions of spontaneous conception
comprised of couples with unexplained fertility. For analyses assessing a mild
endometriosis cause, it was assumed that the spontaneous conception leading to live
birth would be the same as for unexplained fertility.

e Tubal disease, anovulation, severe endometriosis and cervical causes were assumed to
have a zero natural conception rate.

A summary of the model predictors is given in Table 10 and Figure 20 illustrates an example
of the differences in cumulative live birth rates produced by the different prediction models for
the following scenario:

Woman age: 34 years
Duration trying to conceive: 2 years
Cause: Unexplained
ICSI used: No
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IVF Cycles: 6

Table 10: Summary of model prediction variables

Age (years) 20-45 20-45 20-45 20-45
Duration (years) 2 2 2 2

Primary subfertility 1 1 1 1
Own/donor eggs N/A N/A N/A Own eggs
Referred by Referred by Referred by N/A N/A
gynaecologist gynaecologist gynaecologist

Medication N/A N/A N/A Gonadotrophins
ICSI used N/A N/A Oor1 Oor1
Previous IVF N/A N/A N/A 0
Unexplained cause N/A N/A Oor1 Oor1
Tubal cause N/A N/A Oor1 Oor1
Anovulation cause N/A N/A Oor1 Oor1

% motile sperm/male  20% or 40% 20% or 40% Oor1 Oor1
factor

Endometriosis cause  N/A N/A N/A Oor1
Cervical cause N/A N/A N/A Oor1
Combined cause N/A N/A N/A Oor1

Figure 20: Comparison of cumulative live birth rates for a woman aged 34 years
and with unknown cause of subfertility using different prediction models
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Note: No accounting for depletion of susceptibles and van Eekelen used to predict cumulative live births after
unsuccessful completion of IVF

Depletion of susceptibles

The EM models were developed to predict live birth rates in a population who have not
received IVF treatment. Whilst there may be a random or chance element to achieving a live
birth in any given IVF cycle it will also be affected by prognosis. Women with a better
prognosis within that cohort are more likely to have a baby. As a result, the average
prognosis declines with each successive IVF treatment cycle which should be reflected in
lower probabilities of live birth. This effect is known as the ‘depletion of susceptibles’ where
those with the most favourable prognosis drop-out of the population.

This is important for our model as we use the EM models to estimate cumulative live birth
rates in women who have been treated with [VF and not had a live birth. Therefore, without
adjustment the EM models are likely to over-estimate the chances of a spontaneous
conception leading to a live birth in this population who are not treatment naive as their
unsuccessful IVF means they have a worse prognosis than the population used to inform the
EM model predictions.

To take account of depletion of susceptibles it was assumed that a percentage of the
remaining population who did not achieve a live birth with IVF have a zero probability of
success with expectant management. We assumed that in our population there are 2 groups,
one who can have a live birth and a group that cannot. In the group who can have a live birth
the simplifying assumption was made that expectant management would be as effective as it
would be in the treatment naive. Two approaches were made to estimating the proportion of
the population who could not have a spontaneous conception following IVF treatment.

i.  Afixed percentage, which was set to 5% in the base case analysis

ii.  Using the proportion of the population estimated to not achieve a live birth after 6
cycles. This has the advantage that the proportion who cannot have a live birth
increases with age as would be expected. However, it does mean that no additional
live births occur in the group of women who do not have a live birth after 6 cycles of
IVF.

Figure 21 is used to illustrate the impact of the different assumptions with respect to the
depletion of susceptibles. It uses the example of a woman aged 34 years of age who has
been trying to conceive for 2 years and whose cause of subfertility is unknown. The
comparison is made for a strategy of 1 IVF cycle and 6 IVF cycles.
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Figure 21: Impact on cumulative live birth rates of different depletion of susceptible
assumption for a woman aged 34 years, trying to conceive for 2 years prior
to starting IVF treatment and with subfertility of unknown cause using the
OPIS pre-IVF and van Eekelen prediction models
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Costs and resource use

In line with the NICE guidelines manual, a NHS and personnel social services perspective
was adopted for this analysis (https://www.nice.org.uk/process/pmg20). Costs were mostly
based on a 2022/23 price year. However, NHS Reference Costs were based on the most
recently available at the time of writing. In line with the NICE reference case, costs were
discounted at a rate of 3.5% per annum.

Unit cost data that was only available from earlier years was updated for inflation to 2022/23
prices using the NHSCII (NHS Cost Inflation Index) and the now discontinued HCHS
(Hospital and Community Health Service) index for pre-1917 costs (Unit Costs of Health and
Social Care 2023).

Intervention costs are shown in Table 11. In costing IVF treatment, the model recognised that
a proportion of cycles are cancelled and therefore may incur less costs. 2018-19 data from a
personal communication with the HFEA was used to estimate the proportion of treatment
cycles to attribute lower costs to arising from cancellation. These data are summarised in
Table 12.

Table 11: Model intervention costs

Expectant £0.00 Guideline committee
management
IVF £3,649 2023-25 NHS Payment Scheme (amended) 2

(https://lwww.england.nhs.uk/publication/2023-25-nhs-payment-
scheme/#heading-2)

IVF with ICSI £4 120 2023-25 NHS Payment Scheme (amended)
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(https://lwww.england.nhs.uk/publication/2023-25-nhs-payment-
scheme/#heading-2)

IVF cancelled £1,224 NICE 2013 (CG156) and PSSRU Unit Costs Manual 2023

before egg (https://www.pssru.ac.uk/unitcostsreport/#tabs desc 10 2)°
collection

IVF cancelled £3,140 Maheshwari 2010, NICE 2013 (CG156) and PSSRU Unit Costs
after egg Manual 2023

collection (https://www.pssru.ac.uk/unitcostsreport/#tabs desc 10 2)°¢

(a) Price to include 1 fresh and 1 frozen cycle
(b) Cost from CG156 updated to 2022-23 prices using the NHSCIl and HCHS inflation indices
(c) Cost from CG156 updated to 2022-23 prices using the NHSCIl and HCHS inflation indices

Table 12: Proportion of cycles cancelled by treatment stage, 2018-19

18-36 4.1% 6.0% 1.7%

(a) Note to this data supplied by the HFEA: This data includes only NHS-funded IVF cycles begun with the
intention of creating a pregnancy in 2018/19. Cycles cancelled at or before egg collection refers to the
proportion of egg collections planned, and either abandoned or completed without collecting eggs. Fresh
embryo transfer cycles cancelled following egg collection refers to the proportion of cycles with eggs collected
but no subsequent embryos transferred. Cycles in which embryos were created, some were stored and/or
donated, none were transferred, and some may have been discarded are excluded from this field. Cycles
cancelled following egg/embryo thaw refers to the proportion of cycles in which an egg or embryo was thawed,
but no embryo subsequently transferred. This data is from a live register and may not match data provided in
previous requests or published elsewhere. One treatment centre has been excluded due to data quality
issues.

The model also accounted for “downstream” costs related to birth, multiples in particular, and
complications arising from OHSS. Differences in live birth rates between the intervention
strategies will have implication for incremental costs. As fertility treatment is associated with
higher multiple birth rates it was important to capture the additional costs that would be
incurred by the NHS from the different strategies. However, as the NHS routinely provides
treatment and care for births that were spontaneously conceived, a decision was made not to
include the cost of singleton births in the base case analysis. Therefore, the cost of a multiple
birth in the base case analysis was the incremental cost of a twin birth (for which there is
more cost data than higher order multiples) compared to a singleton birth. So that this
incremental cost can be estimated the costs of both singleton, and twin births are included as
input parameters. The model is constructed so that singleton costs can be included as part of
a sensitivity analysis in which case the multiple birth cost would be based on the absolute
cost value for this input. The model inputs related to birth and OHSS costs are reported in
Table 13.

Table 13: Birth and OHSS costs

OHSS moderate £1,274 Maheshwari 2010, NICE 2013 (CG156) and PSSRU Unit Costs
Manual 2023
(https://www.pssru.ac.uk/unitcostsreport/#tabs desc 10 2)2

OHSS severe £3,873 Maheshwari 2010, NICE 2013 (CG156) and PSSRU Unit Costs
Manual 2023
(https://www.pssru.ac.uk/unitcostsreport/#tabs desc 10 2)2

Singleton birth £5,903 Jacklin and Marceniuk (2018) ©

Multiple birth £16,846  Jacklin and Marceniuk (2018) b
(a) Cost from CG156 updated to 2022-23 prices using the NHSCIl and HCHS inflation indices
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(b) https://www.hfea.qov.uk/media/27 12/nga-twin-pregnancy-costing-final.pdf and updated to prices using the
NHSCII

Health state utilities and QALYs

In accordance with the NICE reference case, an annual discount rate of 3.5% was applied to
health state utilities accrued. Whilst the relationship between health-related quality of life and
infertility is complex there is evidence to suggest that there are short term effects on mental
health, depression and anxiety in particular, and longer-term effects on more general
measures of well-being (Skedgel 2023).

Deriving health state utilities for live birth is not straightforward but for this analysis we have
followed the approach in previous NICE guideline CG156 where any health state utility gain
had to relate to a couple or person seeking treatment and not any, as yet unconceived life. In
the base case analysis this utility gain was limited to the person giving birth but possible
impacts on partner health-related quality of life were explored in a sensitivity analysis. It was
assumed that any gain in health-related quality of life resulting from a live birth would persist
for the remainder of the woman'’s life. Although this assumption could potentially over-
estimate the overall QALY gain from a live birth it will be mitigated by the heavy discounting
of health state utilities in later years of life. The model uses the same health state utility gain
for a live birth as was used in the previous guideline (NICE 2013).

A health state utility loss was also applied for occurrences of moderate and severe OHSS.
As no published health state utility values was found for these health states, they were
proxied by using values for moderate and severe pain respectively. The model assumed a
duration of 2 weeks for OHSS symptoms although 7-10 days is more typical (RCOG 2016).
The model makes the simplifying assumption that there are no health state utility implications
related to multiple birth over and above live birth more generally. This was because the most
serious adverse outcomes associated with multiple birth and prematurity are more frequently
experienced by the neonate than the mother and again this would involve estimating QALYs
for an individual that did not exist at the point at which treatment is commenced.

The health state utilities used in the model are summarised in Table 14.

Table 14: Model health state utilities
Health state utility

Outcome gain Duration Source

OHSS moderate -0.084 14 days Devlin 2016 @
OHSS severe -0.276 14 days Devlin 2016 ®
Live birth 0.070 Lifelong Scotland 2011

(a) Based on an EQ-5D-5L value set for England and using moderate pain as a proxy for moderate OHSS
(b) Based on an EQ-5D-5L value set for England and using severe pain as a proxy for severe OHSS

Results are illustrated for cost-effectiveness thresholds of £20,000 per QALY and £30,000
per QALY. The higher £30,000 per QALY threshold is greater than the £20,000 per QALY
suggested as a benchmark criteria for assessing cost-effectiveness in “NICE: Our Principles”
but the committee believed that the QALY did not fully capture other non-HRQoL benefits of
fertility treatment and that huge uncertainty existed with respect to both the method and
valuation of treatment benefits. Other authors have also suggested that QALY approaches
do not fully capture the benefits of fertility treatment (Keller 2022, Skedgel 2023).

However, decision making was more nuanced than just using a single threshold as the
committee had to distil a small number of pragmatic recommendations derived from multiple
analyses addressing different scenarios, inputs and assumptions. Therefore, the
recommendations made were intended to reflect the totality of the cost-effectiveness
evidence. To this end cost-effectiveness at a more stringent £20,000 cost per QALY was an
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important consideration when addressing options that would extend treatment beyond
current NICE guidance. However, a more permissive £30,000 per QALY threshold was used
as a benchmark for assessing the cost-effectiveness of existing NICE recommendations. The
committee also took into account limitations in the modelling approach and the sensitivity of
model conclusions to some highly uncertain inputs, which could lead to a systematic under or
over estimation of cost-effectiveness.

Incremental analysis

To assess cost-effectiveness, strategies are ranked in order of cost from lowest to highest
and incremental cost-effectiveness ratios (ICERs) are calculated relative to the next most
cost-effective alternative were further cycles not to be available.

Sensitivity analysis

In a departure from the NICE reference case, probabilistic sensitivity analysis was not
undertaken as the prediction models do not report uncertainty around their outcome.
However, a number of deterministic sensitivity analyses were undertaken to explore the
following:

i.  Choice of prediction model

ii. Impact of assumptions with respect to depletion of susceptibles

iii. Spacing between IVF cycles (4 months)

iv.  Use of ICSI (for male factor)

v.  Cost of IVF treatment (£6,000)

vi.  Health state utility gain assigned to a live birth (0.05 to 0.14)
vii.  Discount rate (1.5%)
viii.  Inclusion of singleton birth costs

For tubal, anovulatory, severe endometriosis and cervical causes of subfertility, it was
assumed in the base case analysis that spontaneous conception leading to live birth was not
possible. Threshold analyses were undertaken to assess how robust the results were to
relaxing this assumption.

Results

A technical note at the end of this document explains the presentation and interpretation of
the results.

Base case analyses

Unexplained cause

Figure 22 and Figure 23 summarise the base case results for women with unexplained
fertility. They show that for women aged 37 years and younger 6 cycles of IVF are cost-
effective at a cost-effectiveness threshold of £20,000 per QALY. For women aged 38-39
years 6 cycles are also cost-effective but some of the latter cycles are only cost-effective if a
more generous £30,000 per QALY cost-effectiveness threshold is used. At 40 years of age, 3
cycles of IVF are cost-effective but only at a cost-effectiveness threshold of £30,000 per
QALY is used. IVF is not shown to be cost-effective for women older than 41 years.

117
Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]



DRAFT FOR CONSULTATION

Clinical prediction models

Figure 22: ICERSs for base case analysis by age and IVF cycle for unexplained
cause

Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6

20 £14,938 £13,913 £15,007 £16,044 £17,297 £18,277
21 £14,077 £13,296 £14,341 £15,332 £16,527 £17,462
22 £13,301 £12,724 £13,723 £14,672 £15,814 £16,708
23 £12,601 £12,194 £13,150 £14,059 £15,152 £16,007
24 £11,966 £11,701 £12,617 £13,490 £14,537 £15,356
25 £11,388 £11,243 £12,121 £12,960 £13,965 £14,751
26 £10,861 £10,816 £11,659 £12,466 £13,431 £14,186
27 £10,385 £10,424 £11,236 £12,014 £12,943 £13,671
28 £9,986 £10,097 £10,885 £11,643 £12,546 £13,253
29 £9,690 £9,865 £10,643 £11,393 £12,286 £12,987
30 £9,522 £9,757 £10,543 £11,303 £12,210 £12,923
31 £9,548 £9,822 £10,614 £11,380 £12,297 £13,010
32 £9,510 £9,893 £10,741 £11,568 £12,560 £13,337
33 £9,613 £10,110 £11,032 £11,939 £13,030 £13,888
34 £9,774 £10,387 £11,391 £12,385 £13,580 £14,525
35 £9,955 £10,684 £11,770 £12,852 £14,154 £15,185
36 £10,351 £11,218 £12,425 £13,631 £15,085 £16,238
37 £11,299 £12,368 £13,796 £15,232 £16,964 £18,335
38 £13,301 £14,698 £16,553 £18,427 £20,694 £22,476
39 £16,920 £18,818 £21,426 £24,076 £27,291 £29,792
40 £23,052 £25,666 £29,552 £33,527 £35,680 £37,425
41 £33,133 £34,720 £36,804 £38,923 £41,117 £43,163
42 £49,351 £51,467 £54,719 £58,134 £61,743 £65,127
43 £75,893 £78,626 £83,841 £89,511 £95,636 £101,407
44 £120,900 £124,993 £134,225 £144,622 £156,199 £167,303
45 £205,522 £219,831 £244,943 £275,572 £314,548 £360,611
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Figure 23: Cost-effectiveness of IVF by age and IVF cycles for unexplained cause
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Tubal cause

It was assumed that spontaneous conception leading to live birth was not possible for tubal
causes of infertility and therefore no EM prediction model was required for this analysis. The
results for the base case analysis are shown in Figure 24 and Figure 25. Six cycles of IVF
are cost-effective for women aged 38 years and younger. For women aged 39 years, 6
cycles are also cost-effective but for more than 3 cycles this is only the case with a cost-
effectiveness threshold of £30,000 per QALY. At age 40, then 1 cycle is cost-effective at the
more stringent £20,000 per QALY cost-effectiveness threshold but this increases to 4 cycles
if the more generous threshold of £30,000 per QALY is used. A single cycle of IVF is cost-
effective at age 41 years, but only at a cost-effectiveness threshold of £30,000 per QALY.

Figure 24: ICERSs for base case analysis by age and IVF cycle for tubal cause
Age IVF1l IVF2 IVF3 IVF4 IVF5 IVF6

20 £5,933 £6,875 £7,694 £8,535 £9,543 £10,386
21 £5,866 £6,789 £7,591 £8,416 £9,403 £10,230
22 £5,803 £6,707 £7,493 £8,301 £9,268 £10,078
23 £5,742 £6,628 £7,398 £8,190 £9,138 £9,932
24 £5,683 £6,552 £7,307 £8,083 £9,012 £9,791
25 £5,627 £6,479 £7,219 £7,979 £8,890 £9,654
26 £5,574 £6,409 £7,134 £7,880 £8,773 £9,523
27 £5,526 £6,346 £7,058 £7,790 £8,667 £9,404
28 £5,500 £6,309 £7,013 £7,736 £8,602 £9,330
29 £5,513 £6,322 £7,025 £7,748 £8,614 £9,342
30 £5,585 £6,408 £7,124 £7,860 £8,741 £9,482
31 £5,738 £6,597 £7,343 £8,110 £9,029 £9,801
32 £5,993 £6,913 £7,712 £8,533 £9,517 £10,342
33 £6,330 £7,331 £8,200 £9,094 £10,165 £11,060
34 £6,707 £7,799 £8,748 £9,724 £10,892 £11,867
35 £7,105 £8,293 £9,326 £10,387 £11,658 £12,717
36 £7,659 £8,983 £10,133 £11,316 £12,732 £13,909
37 £8,623 £10,186 £11,545 £12,941 £14,613 £15,999
38 £10,390 £12,395 £14,138 £15,930 £18,075 £19,846
39 £13,383 £16,141 £18,539 £21,004 £23,955 £26,382
40 £18,206 £22,182 £25,638 £29,191 £33,444 £35,041
41 £25,687 £31,552 £33,818 £35,977 £38,176 £40,210
42 £36,860 £40,610 £43,862 £46,899 £49,919 £52,753
43 £53,430 £59,040 £63,927 £68,513 £73,094 £77,409
44 £78,023 £86,395 £93,712 £100,601 £107,503 £114,017
45 £114,550 £127,026 £137,956 £148,267 £158,619 £168,405
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Figure 25: Cost-effectiveness of IVF by age and IVF cycles for tubal cause
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Anovulatory cause

It was assumed that spontaneous conception leading to live birth was not possible for
anovulatory causes of infertility and therefore no EM prediction model was required for this
analysis. The base case results for anovulatory cause are outlined in Figure 26 and Figure
27. For women aged 38 years and younger, 6 cycles of IVF are cost-effective at £20,000 per
QALY. Between 39-42 years, some amount of IVF is cost-effective although the precise
amount varies with age and the cost-effectiveness threshold. Whilst all 6 cycles are nearly
cost-effective for women aged 39 at a £20,000 per QALY cost-effectiveness threshold, a
single cycle is only borderline cost-effective for women aged 42 years when utilising a
decision cost-effectiveness threshold of £30,000 per QALY.

Figure 26: ICERSs for base case analysis by age and IVF cycle for anovulatory
cause

Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6

20 £5,169 £5,918 £6,568 £7,237 £8,038 £8,712
21 £5,119 £5,852 £6,489 £7,144 £7,929 £8,590
22 £5,070 £5,789 £6,413 £7,055 £7,824 £8,472
23 £5,024 £5,728 £6,340 £6,969 £7,722 £8,358
24 £4,980 £5,670 £6,269 £6,886 £7,624 £8,248
25 £4,938 £5,614 £6,202 £6,806 £7,530 £8,142
26 £4,898 £5,561 £6,137 £6,730 £7,439 £8,040
27 £4,862 £5,513 £6,079 £6,661 £7,358 £7,948
28 £4,844 £5,487 £6,046 £6,621 £7,309 £7,892
29 £4,857 £5,500 £6,059 £6,634 £7,321 £7,905
30 £4,917 £5,572 £6,140 £6,725 £7,425 £8,019
31 £5,042 £5,724 £6,318 £6,927 £7,657 £8,275
32 £5,248 £5,979 £6,614 £7,267 £8,048 £8,708
33 £5,519 £6,314 £7,005 £7,716 £8,566 £9,283
34 £5,823 £6,690 £7,444 £8,220 £9,147 £9,927
35 £6,143 £7,086 £7,907 £8,750 £9,760 £10,607
36 £6,587 £7,638 £8,552 £9,492 £10,617 £11,558
37 £7,357 £8,599 £9,678 £10,788 £12,116 £13,222
38 £8,765 £10,358 £11,743 £13,167 £14,871 £16,284
39 £11,148 £13,339 £15,245 £17,203 £19,548 £21,482
40 £14,985 £18,144 £20,890 £23,713 £27,092 £29,867
41 £20,934 £25,594 £29,646 £33,811 £36,047 £37,938
42 £29,817 £36,723 £39,403 £41,964 £44,580 £47,006
43 £42,988 £47,423 £51,277 £54,884 £58,478 £61,856
44 £62,534 £69,163 £74,947 £80,382 £85,819 £90,944
45 £91,562 £101,452 £110,106 £118,259 £126,436 £134,160
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Figure 27: Cost-effectiveness of IVF by age and IVF cycles for anovulatory cause
Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Male factor cause

Figure 28 and Figure 29 suggest that IVF is not cost-effective in women aged 41 years and
above for male factor cause in the base case analysis. Six cycles of IVF are cost-effective at
a cost-effectiveness threshold of £20,000 per QALY providing the woman is 37 years and
younger. For women aged 38-39 years, six cycles are also cost-effective though some of the
higher order cycles are only cost-effective using a £30,000 per QALY cost-effectiveness
threshold. At age 40, three cycles can be considered cost-effective if using a more
permissive cost-effectiveness threshold of £30,000 per QALY.

Figure 28: ICERSs for base case analysis by age and IVF cycle for male factor cause
Age IVF1l IVF2 IVF3 IVF4 IVF5 IVF6

20 £13,259 £12,778 £13,835 £14,847 £16,068 £17,028
21 £12,576 £12,254 £13,265 £14,235 £15,404 £16,323
22 £11,956 £11,767 £12,736 £13,667 £14,786 £15,667
23 £11,391 £11,314 £12,243 £13,138 £14,211 £15,057
24 £10,875 £10,891 £11,784 £12,644 £13,675 £14,488
25 £10,402 £10,497 £11,355 £12,184 £13,174 £13,956
26 £9,968 £10,129 £10,955 £11,753 £12,707 £13,460
27 £9,575 £9,791 £10,588 £11,359 £12,279 £13,006
28 £9,246 £9,511 £10,286 £11,037 £11,933 £12,641
29 £9,008 £9,318 £10,083 £10,827 £11,714 £12,416
30 £8,884 £9,241 £10,014 £10,768 £11,668 £12,381
31 £8,933 £9,324 £10,106 £10,869 £11,783 £12,500
32 £8,946 £9,432 £10,268 £11,089 £12,074 £12,853
33 £9,087 £9,676 £10,585 £11,484 £12,564 £13,421
34 £9,283 £9,978 £10,967 £11,950 £13,133 £14,074
35 £9,497 £10,300 £11,370 £12,440 £13,726 £14,752
36 £9,915 £10,850 £12,039 £13,231 £14,666 £15,811
37 £10,857 £11,996 £13,402 £14,819 £16,527 £17,886
38 £12,808 £14,287 £16,110 £17,955 £20,183 £21,946
39 £16,302 £18,318 £20,872 £23,471 £26,619 £29,085
40 £22,184 £24,992 £28,781 £32,659 £34,755 £36,462
41 £31,775 £33,507 £35,586 £37,668 £39,808 £41,803
42 £47,033 £49,440 £52,675 £56,005 £59,491 £62,759
43 £71,611 £74,931 £80,075 £85,528 £91,348 £96,828
44 £112,320 £117,469 £126,336 £136,019 £146,624 £156,763
45 £185,458 £199,743 £221,381 £246,682 £277,612 £312,658
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Figure 29: Cost-effectiveness of IVF by age and IVF cycles for male factor cause
Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Mild endometriosis

As endometriosis was not a predictor in the OPIS pre-IVF tool, IVF Predict was used in this
analysis. Broadly speaking this shows that for mild endometriosis, six cycles of IVF are cost-
effective at a cost-effectiveness threshold of £20,000 per QALY for women aged 39 years
and younger in the base case scenario. However, above this age no amount of IVF appears
cost-effective (excepting the anomaly of 1 cycle of IVF with an ICER of £29,553 at age 42
years, which is explained in the Discussion). This is illustrated in Figure 30 and Figure 31.

Figure 30: ICERSs for base case analysis by age and IVF cycle for mild
endometriosis

Age IVFl IVF2 IVF3 IVF4 IVF5 IVF6
20 £18,763 £18,958 £18,097 £17,295 £18,754 £17,850
21 £17,958 £18,418 £17,612 £16,860 £18,301 £17,454
22 £17,225 £17,913 £17,158 £16,453 £17,877 £17,083
23 £16,555 £17,440 £16,733 £16,071 £17,480 £16,734
24 £15,942 £16,998 £16,335 £15,714 £17,107 £16,406
25 £15,380 £16,583 £15,962 £15,378 £16,757 £16,098
26 £14,863 £16,194 £15,611 £15,063 £16,429 £15,809
27 £14,386 £15,830 £15,282 £14,767 £16,120 £15,537
28 £13,945 £15,488 £14,974 £14,489 £15,830 £15,281
29 £13,537 £15,166 £14,683 £14,227 £15,558 £15,041
30 £13,158 £14,864 £14,410 £13,981 £15,301 £14,815
31 £12,890 £14,649 £14,170 £13,722 £14,998 £14,505
32 £12,268 £14,120 £13,694 £13,295 £14,554 £14,113
33 £11,728 £13,651 £13,272 £12,915 £14,159 £13,764
34 £11,257 £13,235 £12,896 £12,578 £13,808 £13,455
35 £16,214 £19,420 £18,928 £18,472 £20,651 £20,120
36 £15,566 £18,857 £18,419 £18,013 £20,152 £19,678
37 £14,997 £18,355 £17,966 £17,603 £19,708 £19,285
38 £14,153 £17,473 £17,136 £16,822 £18,831 £18,465
39 £13,723 £17,085 £16,785 £16,504 £18,488 £18,160
40 £32,270 £35,639 £36,732 £37,151 £38,212 £38,845
41 £30,839 £34,288 £35,454 £35,937 £37,004 £37,658
42 £29,553 £38,151 £37,834 £37,540 £38,507 £38,993
43 £96,547 £106,616 £109,521 £110,357 £114,204 £116,304
44 £87,520 £99,011 £102,859 £104,400 £108,509 £110,985
45 £209,841 £249,556 £265,458 £274,459 £296,882 £316,089
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Figure 31: Cost-effectiveness of IVF by age and IVF cycles for mild endometriosis
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Severe endometriosis

As endometriosis was not a predictor in the OPIS pre-IVF tool, IVF Predict was used in this
analysis. It was also assumed that spontaneous conception leading to live birth was not

possible for severe endometriosis and therefore no EM prediction model was required for this

analysis. As shown in Figure 32 and Figure 33, six cycles of IVF appear to be cost-effective

in the base case analysis for women aged 39 years or younger with severe endometriosis at

a cost-effectiveness threshold of £20,000 per QALY. For women aged 40-42 years then up

to 4 cycles of IVF are cost-effective but only if a higher £30,000 per QALY cost-effectiveness
threshold is deployed.

Figure 32: ICERSs for base case analysis by age and IVF cycle for severe
endometriosis

Age IVF1l IVF2 IVF3 IVF4 IVF5 IVF6

20 £6,377 £8,146 £8,146 £8,146 £9,088 £9,088
21 £6,405 £8,181 £8,181 £8,181 £9,128 £9,128
22 £6,434 £8,218 £8,218 £8,218 £9,170 £9,170
23 £6,464 £8,257 £8,257 £8,257 £9,213 £9,213
24 £6,496 £8,298 £8,298 £8,298 £9,258 £9,258
25 £6,529 £8,340 £8,340 £8,340 £9,306 £9,306
26 £6,564 £8,385 £8,385 £8,385 £9,355 £9,355
27 £6,601 £8,431 £8,431 £8,431 £9,407 £9,407
28 £6,639 £8,480 £8,480 £8,480 £9,461 £9,461
29 £6,678 £8,531 £8,531 £8,531 £9,518 £9,518
30 £6,720 £8,584 £8,584 £8,584 £9,578 £9,578
31 £6,764 £8,640 £8,640 £8,640 £9,640 £9,640
32 £6,810 £8,699 £8,699 £8,699 £9,705 £9,705
33 £6,858 £8,760 £8,760 £8,760 £9,774 £9,774
34 £6,909 £8,825 £8,825 £8,825 £9,846 £9,846
35 £9,776 £12,904 £12,904 £12,904 £14,571 £14,571
36 £9,855 £13,007 £13,007 £13,007 £14,688 £14,688
37 £9,937 £13,116 £13,116 £13,116 £14,811 £14,811
38 £9,818 £12,937 £12,937 £12,937 £14,600 £14,600
39 £9,908 £13,056 £13,056 £13,056 £14,734 £14,734
40 £21,042 £28,914 £28,914 £28,914 £33,111 £33,111
41 £21,252 £29,202 £29,202 £29,202 £33,441 £33,441
42 £21,474 £29,507 £29,507 £29,507 £33,790 £33,790
43 £54,346 £63,258 £66,952 £68,972 £71,897 £73,998
44 £54,967 £63,981 £67,717 £69,760 £72,719 £74,843
45 £100,198 £117,134 £124,165 £128,015 £133,652 £137,704
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Figure 33:  Cost-effectiveness of IVF by age and IVF cycles for severe
endometriosis

Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Cervical cause

As cervical cause was not a predictor in the OPIS pre-IVF tool, IVF Predict was used in this
analysis. It was assumed that spontaneous conception leading to live birth was not possible
for cervical causes of infertility and therefore no EM prediction model was required for this
analysis. The base case results for cervical cause can be seen in Figure 34 and Figure 35.
Under the ages of 35, then just 1 cycle of IVF is cost-effective at a cost-effectiveness

threshold of £20,000 per QALY but 6 cycles can be considered cost-effective with a £30,000
per QALY cost-effectiveness threshold. For women aged 35-39 years a single cycle of IVF is

cost-effective at a cost-effectiveness threshold of £30,000 per QALY.

Figure 34: ICERSs for base case analysis by age and IVF cycle for cervical cause
Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6
20 £14,883 £20,269 £20,269 £20,269 £23,140 £23,140
21 £14,948 £20,357 £20,357 £20,357 £23,241 £23,241
22 £15,016 £20,450 £20,450 £20,450 £23,347 £23,347
23 £15,087 £20,547 £20,547 £20,547 £23,457 £23,457
24 £15,162 £20,648 £20,648 £20,648 £23,572 £23,572
25 £15,239 £20,753 £20,753 £20,753 £23,693 £23,693
26 £15,320 £20,864 £20,864 £20,864 £23,819 £23,819
27 £15,405 £20,979 £20,979 £20,979 £23,951 £23,951
28 £15,494 £21,100 £21,100 £21,100 £24,089 £24,089
29 £15,587 £21,227 £21,227 £21,227 £24,234 £24,234
30 £15,684 £21,360 £21,360 £21,360 £24,385 £24,385
31 £15,787 £21,499 £21,499 £21,499 £24,544 £24,544
32 £15,894 £21,645 £21,645 £21,645 £24,711 £24,711
33 £16,006 £21,798 £21,798 £21,798 £24,886 £24,886
34 £16,124 £21,959 £21,959 £21,959 £25,069 £25,069
35 £24,819 £34,342 £34,342 £34,342 £35,375 £36,029
36 £25,018 £34,617 £34,617 £34,617 £35,659 £36,318
37 £25,227 £34,907 £34,907 £34,907 £35,958 £36,622
38 £24,821 £34,319 £34,319 £34,319 £35,346 £35,996
39 £25,047 £34,632 £34,632 £34,632 £35,669 £36,325
40 £58,903 £68,633 £72,667 £74,874 £78,078 £80,380
41 £59,490 £69,317 £73,392 £75,621 £78,857 £81,182
42 £60,111 £70,041 £74,158 £76,410 £79,680 £82,029
43 £160,148 £187,608 £199,019 £205,269 £214,469 £221,085
44 £161,978 £189,752 £201,294 £207,615 £216,921 £223,612
45 £299,642 £351,543 £373,124 £384,948 £402,416 £414,981
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Figure 35: Cost-effectiveness of IVF by age and IVF cycles for cervical cause
Age IVF1 IVF2 IVF3 IVF4 IVFE5 IVF6
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Combined causes

As combined causes were not a predictor in the OPIS pre-IVF tool, IVF Predict was used in
this analysis. Figure 36 and Figure 37 give the base case results for combined causes of
subfertility. A combination of male factor and mild endometriosis causes were chosen for this
example as neither of those causes utilised the assumption of zero probability of
spontaneous conception leading to live birth. It suggests that IVF is not cost-effective for
women aged 40 years and older. For women aged 34 years old and younger, then 6 cycles
are cost-effective even at a cost-effectiveness threshold of £20,000 per QALY. Between
ages 35-39, six cycles are also cost-effective, but for the higher order cycles then a £30,000
cost per QALY threshold would need to be used for decision making.

Figure 36: ICERSs for base case analysis by age and IVF cycle for combined cause
Age IVF1l IVF2 IVF3 IVF4 IVF5 IVF6

20 £19,186 £19,959 £19,137 £18,373 £20,140 £19,265
21 £18,434 £19,441 £18,670 £17,953 £19,695 £18,873
22 £17,748 £18,956 £18,233 £17,559 £19,277 £18,505
23 £17,120 £18,502 £17,824 £17,190 £18,886 £18,160
24 £16,544 £18,077 £17,440 £16,844 £18,520 £17,836
25 £16,014 £17,680 £17,080 £16,520 £18,176 £17,533
26 £15,525 £17,307 £16,743 £16,215 £17,854 £17,248
27 £15,074 £16,957 £16,427 £15,930 £17,551 £16,980
28 £14,656 £16,629 £16,130 £15,662 £17,268 £16,730
29 £14,269 £16,321 £15,852 £15,410 £17,001 £16,494
30 £13,909 £16,031 £15,590 £15,174 £16,751 £16,273
31 £13,669 £15,847 £15,378 £14,941 £16,474 £15,986
32 £13,069 £15,330 £14,912 £14,521 £16,031 £15,594
33 £12,547 £14,873 £14,499 £14,149 £15,638 £15,246
34 £12,091 £14,467 £14,132 £13,818 £15,290 £14,938
35 £17,804 £21,621 £21,119 £20,653 £23,234 £22,681
36 £17,148 £21,052 £20,604 £20,188 £22,723 £22,228
37 £16,574 £20,547 £20,148 £19,776 £22,270 £21,826
38 £15,672 £19,595 £19,249 £18,927 £21,307 £20,924
39 £15,240 £19,207 £18,898 £18,610 £20,961 £20,617
40 £36,924 £40,917 £42,233 £42,754 £44,048 £44,830
41 £35,353 £39,442 £40,844 £41,436 £42,736 £43,542
42 £33,947 £38,114 £39,590 £40,246 £41,552 £42,379
43 £114,366 £126,269 £129,681 £130,647 £135,321 £137,868
44 £103,561 £117,280 £121,881 £123,731 £128,741 £131,767
45 £256,328 £306,046 £326,145 £337,719 £367,080 £392,657
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Figure 37: Cost-effectiveness of IVF by age and IVF cycles for combined cause
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Figure 38 summarises the cost-effectiveness for different causes of subfertility in the base
case analyses.

Figure 38: Summary charts of cost-effectiveness of IVF cycles by age for the base
case analysis using the OPIS pre-IVF (or IVF Predict) and van Eekelen
prediction models

Unexplained Tubal Anovulatory Male factor

5_

Cervical Combined

Mild endometriosis Severe endometriosis

W
l
'

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Sensitivity analyses
Choice of model

In this sensitivity analysis results are presented for 6 base case scenarios using the IVF
Predict and, where applicable, Hunault prediction models.
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Unexplained cause

For this sensitivity analysis, the results for unexplained fertility are summarised in Figure 39

and Figure 40. IVF is not found to be cost-effective for women aged 27 years and younger or
women aged 40 years or older. For women aged 28-39, six cycles are cost-effective, but this

mostly requires that a more relaxed cost-effectiveness threshold of £30,000 per QALY be

used.
Figure 39: ICERSs by age and IVF cycle for unexplained cause using the IVF Predict
and Hunault prediction models

Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6

20 £105,571 £66,099 £56,746 £52,061 £50,046 £48,370
21 £89,012 £60,105 £52,490 £48,540 £46,851 £45,420
22 £76,592 £54,953 £48,714 £45,370 £43,954 £42,730
23 £66,902 £50,463 £45,331 £42,491 £41,304 £40,256
24 £59,097 £46,498 £42,267 £39,852 £38,860 £37,963
25 £52,637 £42,946 £39,460 £37,408 £36,581 £35,816
26 £47,159 £39,721 £36,857 £35,116 £34,434 £33,783
27 £42,407 £36,748 £34,411 £32,941 £32,383 £31,833
28 £38,195 £33,964 £32,078 £30,845 £30,397 £29,937
29 £34,383 £31,312 £29,816 £24,032 £25,602 £23,899
30 £30,862 £28,744 £24,328 £22,777 £24,296 £22,735
31 £27,712 £24,480 £22,810 £21,353 £22,772 £21,362
32 £24,312 £22,629 £21,206 £19,957 £21,357 £20,141
33 £21,656 £21,041 £19,822 £18,745 £20,123 £19,070
34 £19,530 £19,670 £18,619 £17,686 £19,041 £18,125
35 £29,449 £28,898 £27,290 £25,883 £28,463 £27,013
36 £26,428 £27,060 £25,675 £24,458 £26,947 £25,689
37 £23,968 £25,444 £24,245 £23,188 £25,592 £24,497
38 £21,292 £23,371 £22,367 £21,476 £23,720 £22,798
39 £19,604 £22,107 £21,232 £20,453 £22,625 £21,818
40 £55,452 £55,889 £55,057 £53,995 £54,558 £54,536
41 £48,091 £50,002 £49,902 £49,324 £50,042 £50,204
42 £42,094 £44,935 £45,360 £45,146 £45,971 £46,272
43 £279,319 £248,700 £228,497 £212,654 £212,172 £207,301
44 £167,711 £177,531 £174,612 £168,918 £171,423 £170,177
45 £1,159,761 £1,529,211 £1,312,835 £1,060,355 £1,044,404 £944,048
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Figure 40: Cost-effectiveness of IVF by age and IVF cycles for unexplained cause
using IVF Predict and Hunault prediction models
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Tubal cause

It was assumed that spontaneous conception leading to live birth was not possible for tubal
causes of infertility and therefore no EM prediction model was required for this analysis. In
this sensitivity analysis 6 cycles of IVF are cost-effective for women aged 39 years or
younger at a cost-effectiveness threshold of £20,000 per QALY. For women aged 40-42
years a single cycle of IVF is cost-effective at a cost-effectiveness threshold of £30,000 per
QALY. These results are depicted in tabular and graphical format in Figure 41 and Figure 42.

Figure 41: ICERs by age and IVF cycle for tubal cause using the IVF Predict model

20 £6,782 £8,723 £8,723 £8,723 £9,757 £9,757
21 £6,812 £8,761 £8,761 £8,761 £9,800 £9,800
22 £6,843 £8,801 £8,801 £8,801 £9,845 £9,845
23 £6,875 £8,842 £8,842 £8,842 £9,891 £9,891
24 £6,909 £8,886 £8,886 £8,886 £9,940 £9,940
25 £6,944 £8,931 £8,931 £8,931 £9,991 £9,991
26 £6,981 £8,979 £8,979 £8,979 £10,044 £10,044
27 £7,020 £9,028 £9,028 £9,028 £10,099 £10,099
28 £7,060 £9,081 £9,081 £9,081 £10,158 £10,158
29 £7,103 £9,135 £9,135 £9,135 £10,219 £10,219
30 £7,147 £9,192 £9,192 £9,192 £10,283 £10,283
31 £7,194 £9,252 £9,252 £9,252 £10,350 £10,350
32 £7,242 £9,315 £9,315 £9,315 £10,420 £10,420
33 £7,294 £9,381 £9,381 £9,381 £10,493 £10,493
34 £7,347 £9,450 £9,450 £9,450 £10,571 £10,571
35 £10,492 £13,924 £13,924 £13,924 £15,754 £15,754
36 £10,577 £14,036 £14,036 £14,036 £15,881 £15,881
37 £10,665 £14,154 £14,154 £14,154 £16,014 £16,014
38 £10,532 £13,955 £13,955 £13,955 £15,780 £15,780
39 £10,629 £14,083 £14,083 £14,083 £15,924 £15,924
40 £22,845 £31,483 £31,483 £31,483 £32,407 £32,991
41 £23,073 £31,797 £31,797 £31,797 £32,730 £33,320
42 £23,313 £32,129 £32,129 £32,129 £33,072 £33,668
43 £59,383 £69,178 £73,239 £75,460 £78,684 £80,999
44 £60,061 £69,968 £74,076 £76,322 £79,583 £81,925
45 £109,693 £128,293 £136,017 £140,246 £146,446 £150,904
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Figure 42: Cost-effectiveness of IVF by age and IVF cycles for tubal cause using
the IVF Predict prediction models
Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6

20
21
22
23
24
25
26
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29
30
31
32
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35
36
37
38
39
40
41
42
43
44
45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Anovulatory cause

It was assumed that spontaneous conception leading to live birth was not possible for
anovulatory causes of infertility and therefore no EM prediction model was required for this
analysis. As is shown in Figure 43 and , 6 cycles of IVF can be considered cost-effective for
women aged 39 years and younger in this sensitivity analysis. Some cycles of IVF may also
be cost-effective between the ages of 40-42 when using a cost-effectiveness threshold of
£30,000 per QALY.

Figure 43: ICERSs by age and IVF cycle for anovulatory cause using the IVF Predict

model

Age IVF1l IVF2 IVF3 IVF4 IVF5 IVF6

20 £6,477 £8,288 £8,288 £8,288 £9,253 £9,253
21 £6,505 £8,324 £8,324 £8,324 £9,294 £9,294
22 £6,535 £8,362 £8,362 £8,362 £9,336 £9,336
23 £6,566 £8,401 £8,401 £8,401 £9,380 £9,380
24 £6,598 £8,443 £8,443 £8,443 £9,426 £9,426
25 £6,632 £8,486 £8,486 £8,486 £9,474 £9,474
26 £6,667 £8,531 £8,531 £8,531 £9,525 £9,525
27 £6,704 £8,578 £8,578 £8,578 £9,578 £9,578
28 £6,742 £8,628 £8,628 £8,628 £9,633 £9,633
29 £6,783 £8,680 £8,680 £8,680 £9,691 £9,691
30 £6,825 £8,734 £8,734 £8,734 £9,751 £9,751
31 £6,870 £8,791 £8,791 £8,791 £9,815 £9,815
32 £6,916 £8,850 £8,850 £8,850 £9,881 £9,881
33 £6,965 £8,913 £8,913 £8,913 £9,951 £9,951
34 £7,017 £8,979 £8,979 £8,979 £10,025 £10,025
35 £9,953 £13,155 £13,155 £13,155 £14,863 £14,863
36 £10,033 £13,261 £13,261 £13,261 £14,982 £14,982
37 £10,117 £13,372 £13,372 £13,372 £15,107 £15,107
38 £9,994 £13,188 £13,188 £13,188 £14,891 £14,891
39 £10,086 £13,309 £13,309 £13,309 £15,027 £15,027
40 £21,486 £29,547 £29,547 £29,547 £33,844 £33,844
41 £21,701 £29,842 £29,842 £29,842 £34,182 £34,182
42 £21,927 £30,153 £30,153 £30,153 £31,026 £31,578
43 £55,587 £64,717 £68,501 £70,570 £73,569 £75,722
44 £56,222 £65,456 £69,284 £71,377 £74,410 £76,588
45 £102,537 £119,883 £127,085 £131,028 £136,804 £140,956
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Figure 44:

20

using the IVF Predict prediction models
Age IVF1 IVE2 IVF3 IVF4 IVF5S IVF6

Cost-effectiveness of IVF by age and IVF cycles for anovulatory cause
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Male factor cause

In this sensitivity analysis, illustrated by Figure 45 and Figure 46, six cycles of IVF are

generally cost-effective between the ages of 29-39 providing the more generous £30,000 per
QALY cost-effectiveness threshold. Some seeming anomalies or exceptions in the middle of
range, reflect the age banding in the IVF Predict model.

Figure 45: ICERSs by age and IVF cycle for male factor cause using the IVF Predict
and Hunault prediction models
20 £92,780 £63,220 £55,346 £51,196 £49,582 £48,119
21 £80,517 £58,180 £51,682 £48,143 £46,793 £45,539
22 £70,897 £53,780 £48,395 £45,368 £44,242 £43,166
23 £63,124 £49,892 £45,419 £42,825 £41,890 £40,969
24 £56,683 £46,414 £42,698 £40,475 £39,703 £38,916
25 £51,225 £43,265 £40,185 £38,282 £37,651 £36,982
26 £46,504 £40,375 £37,835 £36,212 £35,704 £35,138
27 £42,337 £37,687 £35,611 £34,233 £33,833 £33,359
28 £38,587 £35,147 £33,473 £32,314 £32,010 £31,619
29 £35,146 £32,709 £31,388 £30,424 £30,205 £29,888
30 £31,928 £30,328 £29,318 £25,158 £27,349 £25,773
31 £29,056 £26,873 £25,215 £23,769 £25,809 £24,362
32 £25,819 £25,038 £23,616 £22,369 £24,350 £23,098
33 £23,260 £23,460 £22,233 £21,151 £23,079 £21,989
34 £21,191 £22,091 £21,026 £20,084 £21,962 £21,010
35 £33, 685 £33,719 £33,221 £32,647 £32,825 £32,764
36 £30,430 £31,027 £30,813 £30,430 £30, 681 £30, 699
37 £27,773 £30,066 £29,439 £27,578 £30,797 £30,198
38 £24,770 £27,729 £26,621 £25,638 £28,639 £27,587
39 £22,951 £26,384 £25,415 £24,552 £27,455 £26,530
40 £71,546 £71,659 £70,377 £68,873 £69,686 £69,672
41 £61,777 £64,087 £63,860 £63,039 £64,063 £64,307
42 £53,973 £57,662 £58,189 £57,881 £59,053 £59,489
43 £535,468 £418,604 £365,199 £329,204 £325,397 £313,927
44 £261,778 £271,352 £262,425 £250,326 £253,261 £249,828
45  |-£8,713,043| -£5,443,621 | -£17,611,349 | £8,758,920 | £6,669,628 | £3,966,485
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Figure 46: Cost-effectiveness of IVF by age and IVF cycles for male factor cause
using IVF Predict and Hunault prediction models

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Mild endometriosis

In this sensitivity analysis, with the results described in Figure 47 and Figure 48, six cycles of

IVF are cost-effective only between the ages of 29-39 and using a cost-effectiveness
threshold of £30,000 per QALY.

Figure 47: ICERSs by age and IVF cycle for mild endometriosis using the IVF Predict
and Hunault prediction models
Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6
20 £122,457 £71,829 £60,831 £55,450 £53,161 £51,260
21 £101,236 £65,019 £56,127 £51,609 £49,697 £48,079
22 £85,853 £59,216 £51,973 £48,163 £46,564 £45,183
23 £74,156 £54,194 £48,266 £45,042 £43,706 £42,526
24 £64,922 £49,786 £44,922 £42,189 £41,074 £40,067
25 £57,403 £45,862 £41,869 £39,552 £38,627 £37,769
26 £51,112 £42,316 £39,047 £37,088 £36,325 £35,597
27 £45,719 £39,063 £36,404 £34,753 £34,132 £33,518
28 £40,987 £36,030 £33,890 £32,510 £32,012 £31,499
29 £36,742 £33,153 £31,460 £30,319 £29,930 £25,101
30 £32,855 £30,379 £29,073 £23,868 £25,528 £23,871
31 £29,412 £25,678 £23,908 £22,367 £23,912 £22,414
32 £25,701 £23,716 £22,209 £20,889 £22,407 £21,118
33 £22,821 £22,035 £20,745 £19,608 £21,097 £19,982
34 £20,529 £20,584 £19,473 £18,490 £19,950 £18,981
35 £31,447 £31,029 £30,393 £29,771 £30,044 £29,302
36 £28,110 £28,536 £27,049 £25,745 £28,417 £27,061
37 £25,411 £26,805 £25,521 £24,389 £26,966 £25,787
38 £22,494 £24,588 £23,514 £22,563 £24,963 £23,974
39 £20,665 £23,241 £22,306 £21,475 £23,796 £22,930
40 £60,615 £60,530 £59,382 £58,082 £58,636 £58,549
41 £52,113 £53,865 £53,601 £52,874 £53,613 £53,745
42 £45,297 £48,190 £48,551 £48,252 £49,119 £49,413
43 £355,252 £298,065 £267,325 £245,100 £243,283 £236,197
44 £194,038 £202,918 £197,847 £190,056 £192,447 £190,387
45 £2,685,855 | £4,341,613 | £2,788,248 | £1,820,885 | £1,731,778 | £1,453,333
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Figure 48: Cost-effectiveness of IVF by age and IVF cycles for mild endometriosis
using IVF Predict and Hunault prediction models

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Combined causes

Figure 49 and Figure 50 show the results of using different model from the base case
analysis for tubal cause. It generally seems to suggest that 6 cycles of IVF are cost-effective

at a cost-effectiveness threshold of £30,000 QALY between the ages of 28-39.

Figure 49: ICERSs by age and IVF cycle for combined causes using the IVF Predict
and Hunault prediction models
Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6
20 £81,628 £58,215 £51,539 £47,939 £46,531 £45,248
21 £71,727 £53,773 £48,234 £45,153 £43,972 £42,870
22 £63,786 £49,868 £45,257 £42,613 £41,626 £40,679
23 £57,253 £46,396 £42,551 £40,280 £39,458 £38,645
24 £51,760 £43,274 £40,069 £38,117 £37,438 £36,742
25 £47,046 £40,433 £37,769 £36,094 £35,538 £34,945
26 £42,923 £37,814 £35,612 £34,179 £33,731 £33,230
27 £39,250 £35,367 £33,563 £32,345 £31,992 £31,572
28 £35,915 £33,045 £31,589 £30,562 £30,294 £29,946
29 £32,831 £30,807 £29,657 £25,091 £27,185 £25,588
30 £29,926 £26,963 £25,364 £23,942 £25,965 £24,491
31 £27,306 £25,542 £23,988 £22,629 £24,518 £23,167
32 £24,355 £23,821 £22,486 £21,313 £23,153 £21,981
33 £22,007 £22,338 £21,185 £20,167 £21,960 £20,940
34 £20,100 £21,050 £20,049 £19,161 £20,912 £20,019
35 £31,449 £31,646 £31,252 £30,760 £30,938 £30,896
36 £28,523 £30,072 £29,405 £27,424 £30,536 £29,905
37 £26,117 £28,467 £27,241 £26,158 £29,163 £28,008
38 £23,377 £26,292 £25,262 £24,347 £27,154 £26,180
39 £21,709 £25,037 £24,135 £23,331 £26,050 £25,193
40 £65,145 £65,913 £65,028 £63,824 £64,642 £64,708
41 £56,782 £59,291 £59,272 £58,638 £59,631 £59,912
42 £49,985 £53,609 £54,215 £54,015 £55,131 £55,574
43 £397,492 £338,899 £305,499 £280,836 £279,436 £271,770
44 £222,289 £233,978 £228,772 £220,136 £223,330 £221,243
45 £3,470,640 | £6,110,103 | £3,660,685 | £2,292,567 | £2,173,163 | £1,802,631
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Figure 50:  Cost-effectiveness of IVF by age and IVF cycles for combined causes
using IVF Predict and Hunault prediction models

28
29
30
31
32
33
34
s R R R S |
36
37
38
39
40
41
42
43
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45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Figure 52 summarises the cost-effectiveness for different causes of subfertility using the IVF
Predict and Hunault prediction models.

Figure 51:  Summary charts of cost-effectiveness of IVF cycles by age for different
causes of subfertility using the IVF Predict and, where applicable, the
Hunault prediction models

Unexplained Tubal Anovulatory

Age TVFL TVF2 IVF3 TVFd IVFS IVF6
20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
10
41
12

43
11

Combined

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Depletion of susceptibles
Unexplained cause

Figure 52 and Figure 53 show the impact of using differing assumptions regarding depletion
of susceptibles in a population with subfertility of unknown cause, trying to conceive for 2
years prior to IVF and not using ICSI. In Figure 52 van Eekelen and OPIS pre-IVF prediction
models are used and Figure 53 shows the cost-effectiveness by age and number of cycles
using Hunault and IVF Predict. Whilst there is small change in age thresholds with the base
case prediction models a far more dramatic impact is witnessed using Hunault and IVF
Predict.
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Figure 52: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for different depletion of susceptible assumptions for unexplained cause
using the prediction models for the base case analysis

No depletion of susceptibles Depletion of susceptibles - fixed Depletion of susceptibles - calculated

Age IVF1 IVE2 IVF3 IVF4 IVES IVF6 Age IVF1 IVF2 IVE3 IVF4 IVFS IVF6 Age IVF1 IVE2 IVE3 IVF4 IVES IVF6
20 20 20
21 21 21
22 22 22
23 23 23
24 24 24
25 25 25
26 26 26
27 27 27
28 28 28
29 29 29
30 30 30
31 31 31
32 32 32
33 33 33
34 34 34
35 35 35
36 36 36
37 37 37
38 38 38
39 39 39
40 40 40
a1 41 41
42 42 42
43 43 43
44 44 44
a5 45 45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Figure 53: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for different depletion of susceptible assumptions for unexplained cause
using the IVF Predict and Hunault prediction models

No depletion of susceptibles Depletion of susceptibles - fixed Depletion of susceptibles - calculated

IVF1 IVF2 IVE3 IVF4 IVES IVF6 IVF1 IVF2 IVF3 IVF4 IVF1 IVF2 IVF3

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Mild endometriosis cause

The impact of different assumptions about depletion of susceptibles for mild endometriosis
cause is shown in Figure 54 and Figure 55 for different prediction models. It suggests that
the base case analysis is not especially sensitive to these assumptions. However, when
using the IVF Predict and Hunault prediction models, then depletion of susceptible
assumptions are shown to have a dramatic impact on model conclusions.

Figure 54: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for different depletion of susceptible assumptions for mild endometriosis for

the base case analysis

No depletion of susceptibles Depletion of susceptibles - fixed Depletion of susceptibles - calculated

Age IVFL IVF2 IVF3 IVF4 IVES IVF6 Age IVF1 IVF2 IVE3 IVF4 IVES IVF6 Age IVFL IVF2 IVE3 IVF4 IVES IVEE
20 20 20
21 21 21

22

22

23

23

24

24

25

25

26

26

27

27

28

28

29

29

30

30

31 31 31

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Figure 55: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for different depletion of susceptible assumptions for mild endometriosis
using the IVF Predict and Hunault prediction models

No depletion of susceptibles Depletion of susceptibles - calculated

Depletion of susceptibles - fixed

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Male factor (no ICSI)

Figure 56 shows the impact of depletion of susceptible assumption on the model results for
male factor cause when using the base case prediction models. A quite limited impact of
these assumptions is observed in this case. However, in Figure 57 it can be seen that these
assumptions fundamentally change conclusions when using Hunault and IVF Predict.

Figure 56:

No depletion of susceptibles

IVFL IVE2 IVE3 IVF4 IVES IVE6 Age

Age
20

Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles

for different depletion of susceptible assumptions for male factor cause for

the base case analysis

20

IVFL

Depletion of susceptibles - fixed

IVE2

IVE3 IVF4 IVES IVE6 Age
20

Depletion of susceptibles - calculated

IVF1 IVF2 IVE3 IVF4 IVES IVE6

21

21

21

22

23

22

24

23

24

25

26

27

45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Figure 57:

No depletion of susceptibles

Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles

for different depletion of susceptible assumptions for mild endometriosis

using the IVF Predict and Hunault prediction models

Depletion of susceptibles - calculated

IVF1 IVF2 IVF3 IVF4 IVES IVF6

Depletion of susceptibles - fixed

IVF2 IVE3 IVF4 IVES IVE6

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Combined causes

As with other causes of subfertility, Figure 58 and Figure 59 combined show that for
combined causes, the importance of depletion of susceptibles assumptions depends on the
choice of prediction models. If large depletion of susceptible effects are assumed, then IVF
ceases to be cost-effective for analysis based on the Hunault and IVF Predict models.

Figure 58: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for different depletion of susceptible assumptions for combined causes for

the base case analysis

No depletion of susceptibles Depletion of susceptibles - fixed Depletion of susceptibles - calculated

Age IVF1 IVF2 IVF3 IVF4 IVES IVEE Age IVF1 IVF2 IVF3 IVF4 IVFS IVF6 Age IVF1 IVE2 IVE3 IVF4 IVES IVF6
20 20 20
21 21 21
22 22 22
23 23 23
24 24 24
25 25 25
26 26 26
27 27 27

45 45 45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Figure 59: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for different depletion of susceptible assumptions for combined causes
using the IVF Predict and Hunault prediction models

Depletion of susceptibles - calculated

No depletion of susceptibles Depletion of susceptibles - fixed

IVF1 IVF2 IVE3 IVF4 IVES

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Threshold analyses
Tubal

The assumption that spontaneous conception leading to live birth is not possible for tubal
causes of subfertility was relaxed to ascertain the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-effective IVF cycles.
This is shown for cost-effectiveness thresholds of £20,000 per QALY and £30,000 per QALY
respectively in Figure 60 and Figure 61.
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Figure 60: Threshold analysis indicating the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-
effective IVF cycles at a cost-effectiveness threshold of £20,000 per QALY
for a tubal cause of subfertility

Age IVFL IVE2 IVEF3 IVF4 IVES IVE6

20 2509 =250% =50% =50% =250% =250%

21 =509 =50% =509 =509 =509 =50%

22 =509 =50% =509 =509 =509 =50% =509

23 =250% =50% =50% =50% =50% =50% 40%-49%
24 =250% =50% =50% =50% =50% =250% 26%-39%
25 =509 =50% =509 =509 =509 =50% 11%6-25%
26 =250% =50% =50% =50% =50% =50% 196-10%
27 2509 =509 =509 =509 =509 =509 Never cost-effective
28 =509 =50% =509 =509 =509 =50%

29 =509% =509 =509 =5096 =509 =509%

30 2509 =50% =50% =50% =50% =50%

31 =509 =50% =509 =509 =509 =50%

32 =509% =509 =509 =5096 =509 =509%

33 2509 =250% =50% =50% =250% =250%

34 =509 =50% =509 =509 =509 =50%

35 =50% =509% =509 =5096 =509% =509%

36 2509 =250% =50% =50% =250% =250%

37 45% 45% 459, 459, 45% 45%

38 35% 35% 35% 35% 35% 35%

39

40

41

42

43

44

45
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Figure 61:  Threshold analysis indicating the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-
effective IVF cycles at a cost-effectiveness threshold of £30,000 per QALY
for a tubal cause of subfertility

Age IVFL IVE2 IVEF3 IVF4 IVES IVE6
20 2509 =250% =50% =50% =250% =250%
21 =509 =50% =509 =509 =509 =50%
22 =509 =50% =509 =509 =509 =50% =509
23 =250% =50% =50% =50% =50% =50% 40%-49%
24 =250% =50% =50% =50% =50% =250% 26%-39%
25 =509 =50% =509 =509 =509 =50% 1196-25%
26 =250% =50% =50% =50% =50% =50% 196-10%
27 2509 =509 =509 =509 =509 =509 Never cost-effective
28 =509 =50% =509 =509 =509 =50%
29 =509% =509 =509 =5096 =509 =509%
30 2509 =50% =50% =50% =50% =50%
31 =509 =50% =509 =509 =509 =50%
32 =509% =509 =509 =5096 =509 =509%
33 2509 =250% =50% =50% =250% =250%
34 =509 =50% =509 =509 =509 =50%
35 =50% =509% =509 =5096 =509% =509%
36 2509 =250% =50% =50% =250% =250%
37 48% 48% 48% 48% 48% 48%
38 36% 36% 36% 36% 36% 36%
39
40
41
42
43
44
45
Anovulatory

The assumption that spontaneous conception leading to live birth is not possible for tubal
causes of subfertility was relaxed to ascertain the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-effective IVF cycles.
This is shown for cost-effectiveness thresholds of £20,000 per QALY and £30,000 per QALY
respectively in Figure 62 and Figure 63.
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Figure 62: Threshold analysis indicating the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-
effective IVF cycles at a cost-effectiveness threshold of £20,000 per QALY
for an anovulatory cause of subfertility

Age IVFL IVE2 IVEF3 IVF4 IVES IVE6
20 2509 =250% =50% =50% =250% =250%
21 =509 =50% =509 =509 =509 =50%
22 =509 =50% =509 =509 =509 =50% =509
23 =250% =50% =50% =50% =50% =50% 40%-49%
24 =250% =50% =50% =50% =50% =250% 26%-39%
25 =509 =50% =509 =509 =509 =50% 11%6-25%
26 =250% =50% =50% =50% =50% =50% 196-10%
27 2509 =509 =509 =509 =509 =509 Never cost-effective
28 =509 =50% =509 =509 =509 =50%
29 =509% =509 =509 =5096 =509 =509%
30 2509 =50% =50% =50% =50% =50%
31 =509 =50% =509 =509 =509 =50%
32 =509% =509 =509 =5096 =509 =509%
33 2509 =250% =50% =50% =250% =250%
34 =509 =50% =509 =509 =509 =50%
35 =50% =509% =509 =5096 =509% =509%
36 2509 =250% =50% =50% =250% =250%
37 =509 =50% =509 =509 =509 =50%
38 44% 449 44% 44% 44% 449
39 299 29% 299 29% 29%
40
41
42
43
44
45
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Figure 63:
conception leading to live birth that would still be compatible with cost-
effective IVF cycles at a cost-effectiveness threshold of £30,000 per QALY
for an anovulatory cause of subfertility

Threshold analysis indicating the maximum probability of spontaneous

Age IVFL IVE2 IVEF3 IVF4 IVES IVE6
20 2509 =250% =50% =50% =250% =250%
21 =509 =50% =509 =509 =509 =50%
22 =509 =50% =509 =509 =509 =50%
23 =250% =50% =50% =50% =50% =50%
24 =250% =50% =50% =50% =50% =250%
25 =509 =50% =509 =509 =509 =50%
26 =250% =50% =50% =50% =50% =50%
27 2509 =50% =50% =50% =50% =50%
28 =509 =50% =509 =509 =509 =50%
29 =509% =509 =509 =5096 =509 =509%
30 2509 =50% =50% =50% =50% =50%
31 =509 =50% =509 =509 =509 =50%
32 =509% =509 =509 =5096 =509 =509%
33 2509 =250% =50% =50% =250% =250%
34 =509 =50% =509 =509 =509 =50%
35 =50% =509% =509 =5096 =509% =509%
36 2509 =250% =50% =50% =250% =250%
37 =509 =50% =509 =509 =509 =50%
38 A7% A47% A7% A7% A47% 47%
39 329 32% 329 32% 32% 32%
40

41

42

43

44

45

Severe endometriosis

=50%

40%-49%

269%-39%

119%-25%

1%-109%

Never cost-effective

The assumption that spontaneous conception leading to live birth is not possible for severe
endometriosis causes of subfertility was relaxed to ascertain the maximum probability of
spontaneous conception leading to live birth that would still be compatible with cost-effective
IVF cycles. This is shown for cost-effectiveness thresholds of £20,000 per QALY and
£30,000 per QALY respectively in Figure 64 and Figure 65.
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Figure 64: Threshold analysis indicating the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-
effective IVF cycles at a cost-effectiveness threshold of £20,000 per QALY
for severe endometriosis cause of subfertility

Age IVFL IVE2 IVEF3 IVF4 IVES IVE6

20 2509 =250% =50% =50% =250% =250%

21 =509 =50% =509 =509 =509 =50%

22 =509 =50% =509 =509 =509 =50% =509

23 =250% =50% =50% =50% =50% =50% 40%-49%
24 =250% =50% =50% =50% =50% =250% 26%-39%
25 =509 =50% =509 =509 =509 =50% 11%6-25%
26 =250% =50% =50% =50% =50% =50% 196-10%
27 2509 =509 =509 =509 =509 =509 Never cost-effective
28 =509 =50% =509 =509 =509 =50%

29 =509% =509 =509 =5096 =509 =509%

30 2509 =50% =50% =50% =50% =50%

31 =509 =50% =509 =509 =509 =50%

32 =509% =509 =509 =5096 =509 =509%

33 2509 =250% =50% =50% =250% =250%

34 =509 =50% =509 =509 =509 =50%

35 39% 39% 39% 39% 39% 39%

36 39% 39% 3994 399 39% 39%

37 38% 38% 38% 38% 38% 38%

38 39% 39% 39% 399 39% 39%

39 39% 39% 399 39% 39% 39%

40

41

42

43

44

45
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Figure 65:  Threshold analysis indicating the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-
effective IVF cycles at a cost-effectiveness threshold of £30,000 per QALY
for severe endometriosis cause of subfertility

Age IVFl IVE2 IVF3 IVF4 IVES IVE6
20 =509 =50% =509 =509 =509 =50%
21 =250% =50% =50% =50% =50% =50%
22 =250% =50% =50% =50% =50% =250% =50%
23 =509 =50% =509 =509 =509 =50% A09-49%
24 =250% =50% =50% =50% =50% =50% 26%-39%
25 2509 =50% =50% =50% =50% =50% 119%6-25%
26 =509 =50% =509 =509 =509 =50% 196-10%
27 =509% =509 =509 =5096 =509 =509% Never cost-effective
28 2509 =50% =50% =50% =50% =50%
29 =509 =50% =509 =509 =509 =50%
30 =509% =509 =509 =5096 =509 =509%
31 2509 =250% =50% =50% =250% =250%
32 =509 =50% =509 =509 =509 =50%
33 =50% =509% =509 =5096 =509% =509%
34 2509 =250% =50% =50% =250% =250%
35 A42% 429 A42% A2% 429 42%
36 42% 429 42% A2% 42%% 42%
37 41% 41% A41% 41% 41% 41%
38 42% 429 42% 42% 429 42%
39 42% 429 42% A2% 42%% 42%
40
41
42
43
44
45
Cervical

The assumption that spontaneous conception leading to live birth is not possible for cervical
causes of subfertility was relaxed to ascertain the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-effective IVF cycles.
This is shown for cost-effectiveness thresholds of £20,000 per QALY and £30,000 per QALY
respectively in Figure 66 and Figure 67.
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Figure 66: Threshold analysis indicating the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-
effective IVF cycles at a cost-effectiveness threshold of £20,000 per QALY
for cervical cause of subfertility

Age IVFl IVE2 IVF3 IVF4 IVES IVE6
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

=50%

40%-49%

269%-39%

119%-25%

1%-109%

Never cost-effective
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Figure 67:  Threshold analysis indicating the maximum probability of spontaneous
conception leading to live birth that would still be compatible with cost-
effective IVF cycles at a cost-effectiveness threshold of £30,000 per QALY
for cervical cause of subfertility

Age IVEl IVE2 IVF3 IVF4 IVES IVE6
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

=50%

A40%-49%

269%-39%

1196-259%

19%-109%

Never cost-effective

ICSI

Figure 64 and Figure 65 indicate the impact of using ICSI rather than IVF without ICSI. For
the base case prediction models very little change in cost-effectiveness is observed.
However, when using the Hunault and IVF Predict models, cost-effectiveness is found to be
improved with ICSI.
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Figure 68: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for male factor cause with and without ICSI using the base case analysis
prediction models

Male factor - No ICSI Male factor ICSI

Age IVF1 IVE2 IVE3 IVF4 IVES IVF6 Age IVF1l IVF2 IVE3 IVF4 IVES IVF6

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Figure 69: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for male factor cause with and without ICSI using the IVF Predict and
Hunault prediction models
Male factor - No ICSI Male factor ICSI

IVF1l IVF2 IVF3 IVF4 IVES IVE6 IVFl IVF2 IVEF3 IVF4 IVFS IVF6

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Health state utility

The impact of changing assumptions about health state utility gain is shown in Figure 66 and
Figure 67 for the base case prediction models and for the analysis where Hunault and IVF
Predict. These assumptions about health state utility have a bearing on cost-effectiveness
conclusions irrespective of which prediction models are chosen but by far the greatest impact
is observed with the IVF Predict and Hunault models. In this case a conservative assumption
would mean that IVF would no longer be shown to be cost-effective, but conversely if greater
gains are assumed then 6 cycles of IVF can be borderline cost-effective even between ages
40-42.

Figure 70: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying health state utility gain for live birth using the
base case analysis prediction models

Base case HSU gain Sensitivity analysis HSU gain Sensitivity analysis HSU gain
from live birth = 0.07 from live birth = 0.05 from live birth = 0.14

Age IVF1 IVF2 IVF3 IVF4 IVES IVF6 Age IVF1 IVE2 IVF3 IVF4 IVES IVF6 Age IVFL IVF2 IVF3 IVF4 IVFS IVE6
20

21
22
23
24
25

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

43
44
45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Figure 71: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying health state utility gain using the IVF Predict
and Hunault prediction models

Base case HSU gain Sensitivity analysis HSU gain Sensitivity analysis HSU gain
from live birth = 0.07 from live birth = 0.05 from live birth = 0.14

Age IVFL IVE2 IVF3 IVF4 IVES IVF6 5 2 Age IVF1 IVF2 1vF3 IVE4 IVES IVF6
20

21
22
23
24
25
26

27
28
29
30
31
32
33
34
35
36

37
38

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Cost of IVF

Whilst published costs of IVF are available, considerable uncertainty remains with respect to
the actual costs to the NHS. In this sensitivity analysis, detailed in Figure 68 and Figure 69,
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the impact of increasing the costs of IVF from their base case value is assessed. Costs of
IVF are shown to be important to cost-effectiveness conclusions regardless of choice of
prediction model, but results are especially sensitive to assumptions about the cost of IVF
when using the Hunault and IVF Predict tools.

Figure 72: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying the cost of IVF using the base case analysis
prediction models

Base case: Sensitivity analysis:

IVF £3,649 IVF £6,000
IVF cancelled post-harvest £3,140 IVF cancelled post-harvest £5,500
Age IVF1 IVF2 IVF3 IVF4 IVF5 IVF6 Age IVF1l IVF2 IVF3 IVF4 IVFS IVF6
20 20

21 21

22 22

23 23

24 24

25 25

26 26

27 27

28 28

29 29

30 30

31 31

32 32

33 33

34 34

35 35

36 36

37 37

38 38

39

40

41
42
43
44
45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold; amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Figure 73: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying the cost of IVF using the IVF Predict and
Hunault prediction models

Base case: Sensitivity analysis: Sensitivity analysis:
IVF £3,649 IVF £4,500 IVF £6,000
IVF cancelled post-harvest £3,140 IVF cancelled post-harvest £4,000 IVF cancelled post-harvest £5,500

IVE3 IVF4 IVES IVF6 e IVF1 IVF2 IVF3 IVF4 IVFS IVF6 Age IVFL IVE2 IVE3 TVF4 IVES IVE6
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Spacing between IVF cycles

Spacing of IVF cycles is shown to have a negligible impact on cost-effectiveness conclusions
when using the base case prediction models as can be seen in Figure 70. A bigger impact is
observed with the Hunault and IVF Predict models (see Figure 71) although compared to
other model inputs and assumptions, change to conclusions is less marked.

Figure 74: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying the spacing between IVF cycles using the
base case analysis prediction models

Base case IVF spacing IVF cycles Sensitivity analysis spacing
2 months IVF cycles 4 months
Age IVF1l IVF2 IVF3 IVF4 IVES IVE6 Age IVF1 IVE2 IVE3 IVF4 IVFS IVF6
20 20

21 21

22 22

23 23

24 24

25 25

26 26

27 27

28 28

29 29

30 30

31 31

32 32

33 33

34 34

35 35

36 36

37 37

38 38

39 39

40 40

41 41

42 42

43 43

44 44

45 45

163

Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]



Nooabr~,w N

DRAFT FOR CONSULTATION
Clinical prediction models

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Figure 75:  Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying the spacing of IVF cycles using the IVF
Predict and Hunault prediction models
Base case IVF spacing IVF cycles Sensitivity analysis spacing

2 months IVF cycles 4 months

IVF1 IVE2 IVE3 IVE4 IVES IVFé IVF1 IVF2 IVF3 IVF4 IVFS IVF6

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Discount rate

Figure 72 shows the impact of lowering the discount rate for costs and QALYs from 3.5% to
1.5% using the base case prediction models. As would be expected this tends to improve the
cost-effectiveness of IVF cycles but the overall effect is quite limited. On the other hand, as
can be seen in Figure 73, the cost-effectiveness of IVF is markedly improved assuming this
lower discount rate if IVF Predict and Hunault are used.
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Figure 76: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying the discount rate using the base case
analysis prediction models

Base case: Sensitivity analysis:
Discount rate 3.5% Discount rate 1.5%
Age IVF1l IVE2 IVF3 IVF4 IVFS IVE6 Age IVF1l IVE2 IVF3 IVF4 IVFS IVE6
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
28 28
29 29
30 30
31 31
32 32
33 33
34 34
35 35
36 36
37 37
38 38
39 39
40 40
41 41
42 42
43 43
44 44
45 45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Figure 77: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying the discount rate using the IVF Predict and
Hunault prediction models
Base case: Sensitivity analysis:
Discount rate 3.5% Discount rate 1.5%

IVF1 IVE2 IVF3 IVF4 IVES IVF1 IVF2 IVF3 IVF4 IVES IVF6
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Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Inclusion of singleton birth costs

Figure 74 shows the impact of including singleton costs when using the base case prediction
models. It can be seen that the impact on the age thresholds and number of cycles where
IVF can be considered cost-effective barely changed. Figure 75 illustrates the impact when
using the Hunault and IVF Predict models. As expected, inclusion of singleton costs, tends to
make IVF less cost-effective, although the change to conclusions is far less than seen as a
result of other changes to model assumptions.

Figure 78: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying whether singleton costs are included using
the base case analysis prediction models

Base case: Sensitivity analysis:
Singleton costs not included Singleton costs included
Age IVF1 IVE2 IVE3 IVE4 IVFS IVES Age IVFL IVF2 IVF3 IVF4 IVES IVF6

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective
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Figure 79: Sensitivity analysis illustrating cost-effectiveness by age and IVF cycles
for unexplained cause varying whether singleton costs are included using
the IVF Predict and Hunault prediction models

Base case:
Singleton costs not included

Sensitivity analysis:
Singleton costs included

Age IVF1l IVF2 IVF3 IVF4 IVFS IVE6 Age IVF1 IVE2 IVF3 IVF4 IVFS IVE6

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

43
44
45

Key: green = cost-effectiveness at £20,000 per QALY cost-effectiveness threshold;, amber = cost-effective at
£30,000 per QALY cost-effectiveness threshold; red =not cost-effective

Discussion

The base case analyses suggested that 6 cycles of IVF were cost-effective for women aged
20-39 years for most causes of subfertility at a cost-effectiveness threshold of £30,000 per
QALY, although for most causes of subfertility and at most ages 39 years and under this
remained the case even using a more restrictive cost-effectiveness threshold of £20,000 per
QALY. The exception was cervical cause where only 1 cycle of IVF was found to be cost-
effective for women aged 35-39 using a cost-effectiveness threshold of £30,000 per QALY.
Whilst 6 cycles were cost-effective for younger women, only the first cycle was cost-effective
if a cost-effectiveness threshold of £20,000 per QALY was used. However, cervical causes of
infertility (such as cervical tachelectomy) are extremely rare and there were less than 100
women with this diagnosis in the HFEA dataset (<0.05%) which informed IVF Predict.
Therefore, the committee did not make separate recommendations for women in this
subgroup as the predictions were likely to be subject to a particularly high degree of
uncertainty and because the population was so small.

For women aged 40-41 years, some IVF cycles are usually cost-effective when the cause
(tubal, anovulatory, severe endometriosis) is assumed to have a zero probability of
spontaneous conception leading to live birth. However, the number of cost-effective cycles
varies with cause, age and cost-effectiveness threshold. For unexplained and male factor
cause, 3 cycles are cost-effective for women aged 40 years old providing a £30,000 per
QALY threshold is used. However, for a woman aged 41, IVF was not found to be cost-
effective for these groups. For mild endometriosis and combined causes, IVF was not found
to be cost-effective for women aged 40-41 years although it should be noted that these
analyses relied on predictions from IVF Predict as these causes were not a predictor in the
OPIS pre-IVF tool.
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For women aged 43 years and older, IVF was never cost-effective. This was mostly true for
women aged 42 years old although the analyses suggested that 4 cycles could be cost-
effective for severe endometriosis and that 1 cycle could be cost-effective for anovulatory
cause providing a more permissive £30,000 per QALY cost-effectiveness threshold was
used. For severe endometriosis and anovulatory causes, estimates of cost-effectiveness are
improved by the simplifying assumption of a zero probability of conception with expectant
management. However, the finding that 1 cycle of anovulation may be cost-effective at age
42 years is very borderline, with the threshold analysis illustrated in Figure 63 showing that
this only held for a zero chance of spontaneous conception leading to live birth. For severe
endometriosis, cost-effectiveness of IVF at age 42 using a £30,000 per QALY threshold
depended on the probability of spontaneous conception leading to live birth being <3%.

Figure 31 also suggests that 1 cycle of IVF may be cost-effective for mild endometriosis at a
cost-effectiveness threshold of £30,000 per QALY in women aged 42 years. However, care
needs to be taken interpreting this result as it is an artefact of the age bands used in IVF
Predict. Figure 31 shows that IVF is not cost-effective at ages 40-41 which are grouped in
the same age 40-42 band used in the IVF Predict model. So, in IVF Predict the same
prediction for live birth is made across the group when in practice, natural history dictates
that effectiveness of IVF will decline across this age group. However, in the Hunault model
used to estimate EM cumulative live birth rates, prediction of spontaneous conception
leading to live birth does decline across this age bracket. This gives the erroneous
impression that the absolute treatment effectiveness of IVF is increasing across the age
band. Indeed, this is a general feature of analyses utilising IVF Predict that cost-effectiveness
increases with age within any age band category as a fixed IVF birth rate is compared with
an EM model where predictions of live birth fall with age.

The base case analyses utilised the van Eekelen prediction model to estimate spontaneous
conception leading to live birth and where possible the OPIS pre-IVF tool for IVF leading to
live birth. These 2 prediction models were preferred, as both were designed to predict
cumulative live birth rates whereas IVF Predict and Hunault models had to be adapted to do
this. Furthermore, they had not been developed or validated to produce estimates of
cumulative live birth rates over time. However, very important limitations exist for all
prediction models incorporated into this economic analysis and therefore a sensitivity
analysis was undertaken where IVF Predict was used to estimate IVF live births and Hunault
was used to obtain EM estimates, except where a zero probability of spontaneous
conception leading to live birth was assumed.

This sensitivity analysis suggested that the cost-effectiveness of IVF was highly sensitive to
the choice of prediction model with IVF generally less cost-effective than in the base case
analysis. For, tubal and anovulatory causes, with zero probability of spontaneous conception
leading to live birth assumed, 6 cycles of IVF continued to be cost-effective for women aged
20-39 using a £20,000 cost per QALY threshold. A fewer number of cycles could be
considered cost-effective for women aged 40-42 years but only providing a £30,000 per
QALY threshold was used for decision making. However, for unexplained, male factor, mild
endometriosis and combined causes IVF was not cost-effective in any women aged 40 years
and above. IVF was also found not to be cost-effective in women aged 20 years to 27 or 28
years in these causes. Whilst 6 cycles of IVF were generally cost-effective in women in their
late twenties through to women aged 39 years for these causes, this conclusion mostly
depended on a more generous £30,000 per QALY cost-effectiveness threshold being used.

Women in the datasets which informed the Hunault and van Eekelen prediction models were
treatment naive, however in our economic analysis they are also used to estimate
spontaneous conception leading to live birth in women who had not had a live birth after
completing their IVF cycles. These women are likely to have a worse prognosis than those in
the van Eekelen and Hunault cohorts, as IVF success will to some extent reflect a better
prognosis. The base case analysis did include an adaptation to account for the depletion of
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susceptibles (fixed) during IVF but additionally a sensitivity analysis was undertaken which
showed both the impact of relaxing the depletion of susceptibles adaptation or using a more
stringent (calculated) adaptation.

Figure 52 shows a relatively minor effect of the assumptions made with respect to depletion
of susceptibles for unexplained cause and using the OPIS pre-IVF and van Eekelen
prediction models. Removing the adaptation for depletion of susceptibles entirely means that
1 cycle of IVF may now be considered for a woman aged 41 years using a cost-effectiveness
threshold of £30,000 per QALY when compared to the base case analysis. Using a more
stringent criteria to account for depletion of susceptibles results in IVF no longer being cost-
effective beyond an age of 39 years. Across different causes of subfertility, it was generally
the case that conclusions were not particularly sensitive to assumptions about depletion of
susceptibles when using the base case prediction models.

On the other hand, Figure 53 for example, suggests that assumptions about depletion of
susceptible can have a very big impact on model conclusions when using the IVF Predict
and Hunault prediction models especially when a more stringent assumption is made
compared to the base case analyses.

Male factor causes of subfertility can be an indication for ICSI and therefore we performed a
sensitivity analysis for male factor cause both with and without ICSI. Figure 64 suggests that
IVF with ICSI is similarly cost-effective to IVF without ICSI for male factor cause with the
prediction models used in the base case analysis. However, it should be noted that this is not
an incremental comparison between IVF with and without ICSI. Figure 65 shows the results
of this sensitivity analysis using IVF Predict and Hunault prediction models. In this case ICSI
improves the cost-effectiveness of IVF for male factor cause despite the increased cost.

Some commentators have questioned the usefulness and suitability of the QALY to evaluate
the cost-effectiveness of fertility interventions (Keller, 2022 and Skedgel, 2023). Whilst a live
birth could potentially improve health-related quality of life through an impact on mental
health domains, the QALY would not capture other non-HRQoL benefits of fertility treatment
such as life satisfaction and self-esteem. The extent and duration of any HRQoL
improvements resulting from a live birth are highly uncertain and similar uncertainties pertain
to partner utility. Therefore, sensitivity analysis was undertaken, using different values for the
health state utility gain from a live birth, to address the uncertainty that exists with respect to
both the method and valuation of treatment benefits. In all the analyses the assumption that
the gains would be lifelong was retained, although reducing the health state utility gain can
serve as a proxy for the impact of relaxing this assumption, as the base case health state
utility gain experienced for a shorter period or a lower lifelong health state utility gain both
result in reduced QALYs when compared to the base case analysis.

Figure 66 shows a comparison for unexplained subfertility for the base case analysis
prediction models varying the health state utility gain from a live birth between 0.05 and 0.14
(a doubling from the base case which could be defended on the basis of considering partner
utility). In this analysis, the conclusions are not particularly sensitive to the variations in
health state utility. Using the lower bound estimate a few IVF cycles in some age groups only
remain cost-effective when using a cost-effectiveness threshold of £30,000 per QALY and
IVF treatment at age 40 ceases to be cost-effective. Whereas using the higher health state
utility gain means that some IVF cycles could be considered at least borderline cost-effective
up to age 42.

However, when a similar sensitivity analysis was undertaken for results obtained using IVF
predict and Hunault for unexplained fertility, model cost-effectiveness conclusions were
found to be extremely sensitive to the assumptions made with respect to health state utility
gain, as illustrated in Figure 66. IVF ceases to be cost-effective in nearly all age groups when
a health state utility gain of 0.05 from a live birth is used. On the other hand, 6 cycles of IVF
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is cost-effective from ages 20-39 even using a cost-effectiveness threshold of £20,000 per
QALY. Six cycles of IVF are also cost-effective between ages 40-42 if a higher £30,000 cost
per QALY threshold is used.

Whilst the costs used for IVF were based on a published NHS source the committee thought
they might underestimate the actual costs. So, a sensitivity analysis assessed the impact for
subfertility of unexplained cause assuming a higher £6,000 cost for IVF and £5,500 for IVF
cancelled post-harvest. As Figure 68 indicates, the impact of this substantial increase was
not too marked using the base case prediction models. The age boundary for cost-effective
treatment moved down to age 39 years from age 40 and fewer cycles remained cost-
effective at a cost-effectiveness threshold of £20,000 per QALY. However, as can be seen in
Figure 69, model conclusions were very sensitive to the IVF cost input if using the IVF
Predict and Hunault prediction models. IVF no longer appeared to be a cost-effective
treatment at a cost of £6,000 apart from a borderline exception for women aged 34 years.
However, even using an intermediate IVF cost of £4,500, cost-effectiveness was reduced
when compared to the base case result.

A default assumption in the model was to assume 2 months spacing between IVF cycles. A
sensitivity analysis explored the implications of assuming a longer gap of 4 months between
IVF cycles. However, as Figure 70 and Figure 71 indicate, model conclusions are not
substantially changed by this increase in the spacing of IVF cycles.

In line with the NICE reference case, the model discounts costs and QALYs at an annual rate
of 3.5%. However, the manual for developing NICE guidelines suggests that it can be
appropriate to present the results of a sensitivity analysis where a lower discount rate of
1.5% is used. This could be reasonable in this evaluation given that the model assumes a
lifelong benefit of treatment in women who are still of a fertile age. Therefore, a sensitivity
analysis using the lower discount rate was carried out for unexplained subfertility. As
illustrated in Figure 72, model conclusions were not found to be sensitive to the discount rate
when using the base case prediction models. Where IVF Predict and Hunault prediction
models were used, then the lower discount rate resulted in more cycles appearing cost-
effective at a £20,000 cost per QALY cost-effectiveness threshold but there was no impact at
the upper age boundary of treatment with this remaining at 39 years of age.

The final sensitivity analysis assessed the impact of including the cost of singleton births for
women with unexplained fertility. Whilst these are a genuine “downstream” cost of IVF
treatment, they are costs the NHS routinely covers for live births arising from spontaneous
conception without recourse to any economic evaluation. Therefore, they were excluded from
the base case analysis as it would disadvantage IVF access to include them when this is not
a factor in determining access to NHS services for live birth arising from spontaneous
conception. As Figure 74 shows, the inclusion of singleton costs has minimal impact on
cost-effectiveness conclusions with the prediction models used in the base case analysis.
There is a greater impact, but still relatively small, when using IVF Predict and Hunault
models as can be seen in Figure 75.

In addition to the uncertainties and modelling assumptions addressed in the sensitivity
analysis, the economic evaluation has several other important limitations. In particular, any
limitations in the prediction models which underpin the economic model will be propagated
within this evaluation. Using the GRADE methodology the quality of the prediction model
evidence was rated as very low to moderate.

Prediction models are based on observational data and as such can be prone to selection
bias. This is an important limitation of this economic analysis given its reliance on these
models to estimate absolute treatment effects. McLernon (2016) highlights the issue with
respect to the data collection which was used to inform the development of the OPIS pre-IVF
prediction tool.
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“One of the model assumptions was that those couples who discontinue treatment
without a live birth still have the same chance of a live birth as those who continue,
after correction for predictor effects. This assumption only applies to women with
obvious barriers to continuing treatment, such as a lack of funds, divorce, or death.
However, most discontinue because they have a lower chance of success. The
reason for treatment withdrawal was unfortunately not available.”

This discontinuation effect is illustrated in Figure 76, which shows the patients numbers in
the HFEA dataset which were used to inform the OPIS pre-IVF tool predictions for each IVF
cycle. Clearly people having a live birth do not progress to a subsequent IVF cycle but as
shown by the grey shaded region of the bar chart, a significant proportion of those who do
not have a live birth discontinue treatment. If there are systematic differences between those
who continue (blue shaded region of the bar chart) and those who do not (grey) then, if these
are not reflected in model predictors, observed estimates of live birth at subsequent cycles
are likely to be over-estimated if continuation reflect a better chance of success.

Figure 80: HFEA cohort progression over six complete cycles
As counts: the number of people who had a live

birth, went on to the next cycle of IVF, or left the
study following that cycle of treatment

HFEA 1933-2008 | | HFEA 2010-2016 |

20000 1

"E‘ BOO00 4 |Birth

Study population

30000 -

|
I
o

IVF cycle
QOutcome D Live birth E Went on to next cycle D Left study

Source: NICE Technical Support Unit (TSU) using data in Ratna (2023°)

Figure 76 also demonstrates another important limitation and that is, that predictions for
higher order IVF cycles are based on observed data in a much smaller sample of patients.
So, in the HFEA 2010-2016 dataset, 91,035 women had a first cycle of IVF but only 249
women in the dataset went on to have 6 cycles of IVF. The prediction models do not give
confidence intervals around their estimates of the probability of live birth (which is reflected in
the deterministic approach adopted in the health economic model) but small sample sizes
inherently implies that there is greater uncertainty around the point estimates for predicted
live birth rates for higher order IVF cycles. This is shown in Figure 77 which details
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confidence intervals around the observed estimates for live birth in the HFEA 1999-2008 and
2010-2016 dataset.

Figure 81: Error bars around observed rate of live birth in the HFEA 1999-2008 and
2010-2016 datasets
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Source: NICE Technical Support Unit (TSU) using data in McLernon (2016) and Ratna (2023)

This increased uncertainty at higher order IVF cycles is of greater importance as there is a
lack of randomised trials with which to compare the output of the prediction models. Figure
78 shows a comparison of the observed rates in the OPIS pre-IVF tool with RCT evidence for
studies that were included for the network meta-analysis (see evidence review report K).
There is an overlap between the output of the prediction models and RCTs at 1 and 3 cycles
of IVF which can be interpreted as demonstrating that the prediction models are not
inconsistent with RCT evidence. However, RCT data is lacking to provide similar
reassurance for 4 or more IVF cycles.
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Figure 82: A comparison of RCT data with the 2 IVF prediction models used in the
economic analysis
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There were additional limitations from using the Hunault and IVF Predict model, most
importantly that neither were developed to estimate cumulative live birth rates and there has
been no validation of these models as predictors of cumulative live births. The Hunault model
was based on cohorts of women with a younger average age than the population covered by
this economic model and the guideline committee for the previous NICE guideline (CG156)
were of the view that Hunault overestimated the probability of spontaneous conception
leading to live birth especially in the older age groups. Also, whilst the cohort of women
included in the Hunault and van Eekelen model were attending clinics for subfertility, they
may have had a better prognosis than women referred to IVF.

Conclusion

This economic analysis provides much stronger evidence for the cost-effectiveness of IVF
compared with the previous NICE guideline (CG156) with lower ICERs attained in
comparable analyses. Using the preferred prediction models for cumulative live birth rates
from IVF and expectant management respectively, this health economic model suggested
that 6 cycles of IVF was cost-effective for women aged 39 years and under, even when using
the more demanding cost-effectiveness threshold of £20,000 per QALY. The only real
exception was for cervical cause where only one cycle remained cost-effective for women
aged 35-39 but this affects only a very small proportion of the population covered by the
model and small patient numbers in the HFEA dataset make the live birth predictions more
uncertain.

For women aged 40-41 years, the analysis was more equivocal, but a more limited number
of IVF cycles was often cost-effective especially if inherent uncertainty in model parameters
was taken into account.

None of the base case or sensitivity analyses found IVF to be cost-effective for women aged
43 and over, even when inputs were changed in a direction that favoured IVF. Many
analyses also did not indicate that IVF was cost-effective for women aged 42 years even
when inputs were moved in a direction favouring IVF treatment. Those few analyses which
did suggest that IVF could be borderline cost-effective at age 42 years were mostly using IVF
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Predict where cost-effectiveness could be an artefact of assuming the same IVF
effectiveness across an age band of 40-42 years.

The model also provided some evidence that IVF with ICSI could be cost-effective for male
factor cause despite the higher treatment cost.

However, model cost-effectiveness conclusions were found to be sensitive to several
assumptions or inputs over which there is uncertainty. In particular, the choice of prediction
model, the assumed health state utility gain from live birth, the cost of IVF and accounting for
depletion of susceptibles were all found to be important cost-effective drivers in some
scenarios. Furthermore, there are legitimate concerns about potential selection bias in the
prediction models as well as uncertainty relating to small samples especially at 4 cycles of
IVF and above.

Therefore, while the committee believed that the cost-effectiveness evidence now supported
the provision of 6 cycles to women aged 39 years and below, they recognised that the
evidence was not sufficiently robust to make a strong recommendation for more than 3
cycles, although they did recommend that up to 6 cycles could be considered.

The evidence for the cost-effectiveness of IVF for women aged 40-41 was less convincing
but there were a number of scenarios where at least 1 cycle was cost-effective and therefore
they recommended that 1 IVF cycle be offered to these women, in line with existing NICE
guidance. However, the committee believed that the models no longer supported the offer of
IVF to women aged 42 years.

Technical note

Most of the Results are presented as tables which detail the ICER for each successive cycle
of IVF for all the ages considered in this analysis. These tabulated results are then
summarised as a colour coded chart, where green shading denotes that it would be cost-
effective to provide that number of IVF cycles at a more stringent cost-effectiveness
threshold of £20,000 per QALY. Yellow shading denotes that it would be cost-effective to
provide that number of cycles if a more permissive cost-effectiveness threshold of £30,000
per QALY is used for decision-making. Red shading mean that number of IVF cycles are not
cost-effective.

Incremental analysis, in the first instance, involves assessing whether the additional benefit
of providing 1 more cycle of IVF is worth the additional cost, which is assessed by calculating
an ICER (as shown below) and comparing that figure with the cost-effectiveness threshold
for decision making:

ICER IVF cyclen = (COStS IVF cycle n — COStS IVF cycle n-1) + (QALYS IVF cyclen — QALYS IVF cycle n-1)

However, if IVF cycle n.1is not cost-effective, then the appropriate incremental analysis is
against the next strategy which could be considered cost-effective (which could be an IVF
strategy with n-2 or less cycles or expectant management, the default if no treatment is cost-
effective).

Example 1

The example shown below is for women aged 40 with subfertility of unexplained cause using
the base case analysis (see Figure 22, Figure 23). For convenience, the results are also
repeated in Figure 79 below.
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Figure 83: ICERs and cost-effectiveness of IVF cycles for a woman aged 40 years
with unexplained cause of subfertility (base case analysis)
Age
40 £23,052 £25,666 £29,552 £33,527 £35, 680 £37,425

Figure 84: Cumulative live birth rate for a woman aged 40 years with unexplained
cause of subfertility (base case analysis)
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Figure 80 shows the cumulative birth rates for the different strategies that underpin these
results. This shows that whilst each additional IVF cycle increases the cumulative live birth
rate, it does so by a diminishing amount, and this produces ICERs which increase with each
additional cycle. Table 15 shows the ICERs that would be obtained when calculating the
additional costs and benefits of 1 more cycle of IVF (before ruling out for incremental
comparison those strategies that are not cost-effective, see Table 16). Up to IVF3, the ICERs
for all strategies fall below £30,000 per QALY and therefore can be considered cost-effective
at a £30,000 per QALY cost-effectiveness threshold. However, further IVF cycles all have
ICERs that are greater than £30,000 per QALY.

Table 15: ICERs calculated relative to next most effective strategy (woman aged 40
years with unexplained cause of subfertility)

Strategy CLBR Costs QALYs Inc costs  Inc QALYs ICER
EM 0.19 £25 0.29 N/A N/A N/A
IVFA1 0.28 £3,583 0.44 £3,559 0.15 £23,052
IVF2 0.36 £6,641 0.56 £3,058 0.12 £25,666
IVF3 0.41 £9,348 0.65 £2,706 0.09 £29,552
IVF4 0.46 £11,785 0.72 £2,437 0.07 £33,527
IVF5 0.49 £14,009 0.78 £2,224 0.06 £38,380
IVF6 0.52 £16,065 0.83 £2,055 0.05 £42,094
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CLBR = Cumulative live birth rate; Inc = Incremental

However, as noted above, incremental analysis requires that more expensive strategies are
compared with the next best alternative that would be considered cost-effective (if further
cycles were not an option) rather than simply the next alternative, which may not be cost-
effective. IVF4 is not the relevant comparator for IVF5 and therefore, the ICERs in Table 15
for IVF5 and IVF6 are different from those reported in Figure 79 and Table 16. As the ICER
for IVF4 is above £30,000 per QALY (not cost-effective), IVF5 should be compared with
ICERS, as shown in Table 16. This produces a lower ICER for IVF5 than reported in Table
15, but as it is still above £30,000 per QALY, the ICER for IVF6 should also be calculated
relative to IVF3. The values in Table 16 correspond with those reported in Figure 79.
However, as the ICERs for IVF5 and IVF6 remain above £30,000 per QALY they are still not
considered cost-effective for the NHS using a £30,000 per QALY threshold.

Table 16: ICERs calculated relative to next most cost-effective strategy (woman aged
40 years with unexplained cause of subfertility)

Strategy CLBR Costs QALYs Inc costs  Inc QALYs ICER

IVF3 0.41 £9,348 0.65 £2,706 0.09 £29,552
IVF5 0.49 £14,009 0.78 £4,662 0.13 £35,680
IVF6 0.52 £16,065 0.83 £6,717 0.18 £37,425

CLBR = Cumulative live birth rate; Inc = Incremental
Example 2

However, in some scenarios, ICERs do not increase with increase with each increasing IVF
cycle. For example, for women aged 28 with subfertility of unexplained cause but using the
IVF predict and Hunault prediction models (see Figure 39 and Figure 40) the ICERs actually
decrease with each additional cycle, implying that each cycle is becoming relatively more
cost-effective. Again, for convenience, this result is summarised in Figure 81.

Figure 85: ICERs and cost-effectiveness of IVF cycles for a woman aged 28 years
with unexplained cause of subfertility (IVF Predict and Hunault models)

Age
28 £38,195 £33,964 £32,078 £30,845 £30,397 £29,937

Age IVF1 IVE2 IVEF3 IVF4 IVES IVF6
28

Note, that in this example, all IVF cycles are colour coded as cost-effective at a cost-
effectiveness threshold of £30,000 per QALY even though only IVF6 has an ICER which falls
below that level. This is a convention that has been followed throughout where if IVF, is cost-
effective at a given threshold, then IVF to IVF..1 are also shaded as cost-effective at that
threshold. IVF1 to IVF..1are not mutually exclusive interventions to the IVF, strategy, indeed
they are subsets of it. Many women will have a live birth without reaching the maximum
number of cycles and therefore we thought it more intuitive to present all cycles that are cost-
effective as part of cost-effective strategy to be shown as cost-effective. However, this
means that it should not be assumed that if IVF, is cost-effective that a strategy offering less
IVF cycles would be.

The cumulative live birth rates are for this scenario are shown in Figure 82.

176
Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT
[September 2025]



N OO WN-=-

O O o

11

12
13
14
15
16
17
18
19
20

DRAFT FOR CONSULTATION
Clinical prediction models

Figure 86: Cumulative live birth rate for a woman aged 40 years with unexplained
cause of subfertility (IVF Predict and Hunault models)
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The first thing to note is that the gains of the first IVF cycle relative to EM are much smaller.
Intuitively, therefore it might be anticipated that, given the costs of that first cycle of IVF, IVF1
might not be cost-effective. This is borne out by the ICER for IVF1 in Figure 81. However,
further IVF cycles continue to increase the cumulative live birth rate, and it is possible when
ICERSs are decreasing with higher cycles that a point is reached where IVF is cost-effective at
higher order cycles when offering fewer cycles would not be.

Table 17 shows the ICERs if calculated relative to the next IVF strategy.

Table 17: ICERs calculated relative to next most effective strategy (woman aged 40
years with unexplained cause of subfertility- IVF Predict and Hunault

models)
‘Strategy  CLBR  Costs ~ QALYs  Inccosts  IncQALYs ICER

EM 0.75 £96 1.22 N/A N/A N/A

IVFA1 0.78 £3,735 1.32 £3,639 0.10 £38,195
IVF2 0.82 £6,174 1.40 £2,439 0.08 £29,146
IVF3 0.85 £7,999 1.47 £1,825 0.07 £27,072
IVF4 0.88 £9,365 1.52 £1,366 0.05 £25,237
IVF5 0.90 £10,384 1.56 £1,019 0.04 £26,848
IVF6 0.91 £11,174 1.59 £790 0.03 £25,002

CLBR = Cumulative live birth rate; Inc = Incremental

These ICERSs are plotted on a cost-effectiveness plane (see Figure 83). By comparing the
gradient between EM and IVF1 we can see that the ICER for the first cycle of IVF relative to
EM that the ICER is £38,195 (see also Table 17) which is not cost-effective at a cost-
effectiveness threshold of £30,000 per QALY. Whilst IVF2 looks cost-effective relative to
IVF1 with an ICER of £29,146 (see also Table 17) this is based on a comparison against an
alternative that is not cost-effective. IVF2 should rather be compared against the next best
alternative that would be cost-effective (EM). Recalculating the ICER for IVF2 relative to EM,
we get the gradient between IVF1 and IVF2 on Figure 83, showing an ICER of £33,964 (see
Figure 81) which would not be cost-effective at £30,000 per QALY. This elimination of non-
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N

cost-effective options continues until IVF6 with the recalculated ICERs provided in Table 18
2  (which correspond with those in Figure 81). However, the graph also makes it clear that only
3  IVFG falls below the threshold of £30,000 per QALY

Figure 87: Cost-effectiveness plane showing IVF strategies for a woman aged 40
years with unexplained cause of subfertility (IVF Predict and Hunault

models)
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4  Table 18: ICERSs calculated relative to next most cost-effective strategy (woman aged

5 40 years with unexplained cause of subfertility- IVF Predict and Hunault
6 models)
‘Strategy  CLBR  Costs  QALYs  Inccosts IncQALYs ICER

EM 0.75 £96 1.22 N/A N/A N/A
IVF1 0.78 £3,735 1.32 £3,639 0.10 £38,195
IVF2 0.82 £6,174 1.40 £6,078 0.25 £33,964
IVF3 0.85 £7,999 1.47 £7,903 0.30 £32,078
IVF4 0.88 £9,365 1.52 £9,269 0.34 £30,845
IVF5 0.90 £10,384 1.56 £10,288 0.37 £30,397
IVF6 0.91 £11,174 1.59 £11,078 0.25 £29,937

7 CLBR = Cumulative live birth rate; Inc = Incremental

8 The explanation as to why the ICERs may either rise or fall with an increase in IVF cycles is

9 the result of the interaction of the changes in costs and births that arise from increasing the
10  number of IVF cycles. Figure 84 and Figure 85 show the change in incremental costs and
11 incremental QALY's from example 1 (increasing ICERs) and example 2 (decreasing ICERS).
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Figure 88: Change in incremental costs with increasing IVF cycles
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Figure 89: Change in incremental QALYs
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It is the fact that incremental costs are falling much more rapidly in example 2 (see Figure
84) which is driving the different patterns in ICERs with increasing numbers of IVF cycles.
This is because, despite the higher additional benefits of additional cycles in example 1 (see
Figure 85) the absolute numbers who have unsuccessful IVF (and go onto further cycles) is
higher because of a much lower cumulative live birth rate overall (see Figure 80 and Figure
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82). In example 1 these relatively high incremental costs mean that, combined with the
diminishing returns of additional cycles, that the relative cost-effectiveness decreases
(increasing ICERSs) with increasing IVF cycles. Whereas, in example 2, rapidly falling
incremental costs mean that the relative cost-effectiveness increases (decreasing ICERS)
with increasing IVF cycles, as that effect more than offsets the diminishing return of
additional IVF cycles.

It should be noted that increasing cost-effectiveness with the addition of more IVF cycles is
usually only consistently found when using the Hunault model to predict cumulative live birth
rates from spontaneous conception. This model predicts higher cumulative live birth rates
than the van Eekelen model.
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Excluded clinical prediction model studies

Table 19: Excluded studies and reasons for their exclusion
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- Outcome is not relevant

- Does not include (or control for) at least 2 of
the core factors (female age; duration of
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- No calibration or discrimination data can be
extracted
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- Aim of multivariate modelling is to identify
predictors associated with the outcome rather
than to develop a model for individualised
prediction
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than to develop a model for individualised
prediction

183
Fertility problems: evidence reviews for fertility prediction models and IVF access DRAFT

[September 2025]


https://www.neuroquantology.com/data-cms/articles/20230423112654amNQ99326%20.pdf
https://www.neuroquantology.com/data-cms/articles/20230423112654amNQ99326%20.pdf
https://www.neuroquantology.com/data-cms/articles/20230423112654amNQ99326%20.pdf
https://www.neuroquantology.com/data-cms/articles/20230423112654amNQ99326%20.pdf
https://doi.org/10.1007/s10815-020-01918-z
https://doi.org/10.1007/s10815-020-01918-z
https://doi.org/10.1007/s10815-020-01918-z
https://doi.org/10.1007/s10815-020-01918-z
https://www.journal.atmph-specialissues.org/uploads/179/8339_pdf.pdf
https://www.journal.atmph-specialissues.org/uploads/179/8339_pdf.pdf
https://www.journal.atmph-specialissues.org/uploads/179/8339_pdf.pdf
https://www.journal.atmph-specialissues.org/uploads/179/8339_pdf.pdf
https://doi.org/10.1155/2013/637919
https://doi.org/10.1155/2013/637919
https://doi.org/10.1155/2013/637919
https://doi.org/10.1155/2013/637919
https://doi.org/10.1155/2013/637919
https://doi.org/10.1155/2013/637919
http://www.ijfs.ir/
http://www.ijfs.ir/
http://www.ijfs.ir/
http://www.ijfs.ir/
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med2&NEWS=N&AN=3653423
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med2&NEWS=N&AN=3653423
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med2&NEWS=N&AN=3653423
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med2&NEWS=N&AN=3653423
http://www.elsevier.com/wps/find/journaldescription.cws_home/721149/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/721149/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/721149/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/721149/description#description

DRAFT FOR CONSULTATION
Clinical prediction models

Study

Arvis, P, Lesourd, F, Parneix, | et al. (2021)
Long-term outcome of patients undergoing in-
vitro fertilisation in France: The outcome study.
Journal of gynecology obstetrics and human
reproduction 50(3): 101968

Ashrafi, M., Sadatmahalleh, S.J., Akhoond, M.R.

et al. (2013) ICSI outcome in infertile couples
with different causes of infertility: A cross-
sectional study. International Journal of Fertility
and Sterility 7(2): 88-95

Ashrafi, Mahnaz, Hemat, Mandana, Arabipoor,
Arezoo et al. (2017) Predictive values of anti-
mullerian hormone, antral follicle count and
ovarian response prediction index (ORPI) for
assisted reproductive technology outcomes.
Journal of obstetrics and gynaecology : the
journal of the Institute of Obstetrics and
Gynaecology 37(1): 82-88

Ashrafi, Mahnaz, Rashidi, Mandana, Ghasemi,
Afsaneh et al. (2013) The role of infertility
etiology in success rate of intrauterine
insemination cycles: an evaluation of predictive
factors for pregnancy rate. International journal
of fertility & sterility 7(2): 100-7

Atasever, Melahat, Kalem, Muberra Namli,
Hatirnaz, Safak et al. (2016) Factors affecting
clinical pregnancy rates after Ul for the
treatment of unexplained infertility and mild male

subfertility. Journal of the Turkish German
Gynecological Association 17(3): 134-8

Awadalla, Michael S, Bendikson, Kristin A, Ho,
Jacqueline R et al. (2021) A validated model for
predicting live birth after embryo transfer.
Scientific reports 11(1): 10800

Aydin, Yunus, Hassa, Hikmet, Oge, Tufan et al.
(2013) Factors predictive of clinical pregnancy in

the first intrauterine insemination cycle of 306
couples with favourable female patient
characteristics. Human fertility (Cambridge,
England) 16(4): 286-90

Azantee, Y W, Murad, Z Ahmad, Roszaman, R
et al. (2011) Associated factors affecting the
successful pregnancy rate of intrauterine
insemination at International Islamic University

Reason

- Aim of multivariate modelling is to identify
predictors associated with the outcome rather
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Appendix K Research recommendations — full details

Research recommendations for review question: What is the predictive
performance of clinical prediction models for assessing the chances of live
birth for people with health-related fertility problems using: expectant
management; intrauterine insemination (IUl); IVF with or without
intracytoplasmic sperm injection (ICSI)?

No research recommendations were made for this review question.
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