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Abstract

Purpose Increasing numbers of transgender adolescents are receiving gender-affirming treatments (GAT). Given GAT can
impair reproductive function, clinical guidelines advise prior counselling regarding fertility preservation (FP). For transgen-
der adults assigned male at birth, FP is usually achieved via a masturbatory sample and sperm cryopreservation. This is less
straightforward in transgender adolescents, since they may not be developmentally ready to masturbate and/or masturbation
may cause unacceptable gender dysphoria. Testicular biopsy represents an alternative method for sperm retrieval in these
adolescents, but for those in early/mid puberty, it is difficult to predict whether sperm will be found. The purpose of this study
was therefore to identify factors that predict successful sperm retrieval for cryopreservation via testicular biopsy.

Methods A retrospective cohort study was undertaken at a tertiary-referral pediatric gender service. Subjects were included
if they’d received a testicular biopsy in association with the commencement of GAT between 2010 and 2019. The primary
outcome measure was successful sperm retrieval, and potential predictors included age, testicular volume and serum testos-
terone, LH and FSH levels.

Results Of 25 subjects who received a biopsy prior to starting any GAT, 17 had successful sperm retrieval. While age, testos-
terone, LH and FSH levels showed minimal differences, testicular volume was significantly higher in those with successful
sperm retrieval, and a threshold of > 10 mL showed 92% sensitivity and 71% specificity in predicting successful retrieval.
An additional 6 patients received a biopsy after starting puberty suppression and before commencement of oestrogen, and
one of these individuals had sperm successfully retrieved despite > 2 years of regular puberty suppression.

Conclusion These findings suggest that testicular volume is most useful in predicting successful sperm retrieval following
testicular biopsy in transgender adolescents and are likely to be of relevance to other young people undertaking FP, includ-
ing those with cancer.
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Introduction

Transgender and gender diverse (henceforth trans) indi-
viduals have a gender identity different to the sex they
were assigned at birth. For some, differences between their
physical sex characteristics and gender identity lead to
significant distress, known as gender dysphoria. In the past
decade, there has been a significant increase in the num-
ber of trans young people presenting to specialist services
internationally for gender-affirming treatments (GAT) [1].
GAT can involve up to three distinct stages of medical
intervention, each of which may affect reproductive func-
tion and prompt trans individuals to seek fertility preserva-
tion (FP) prior to initiation of treatment [2].

One available option for medical intervention for trans
young people in early to mid-puberty involves administra-
tion of gonadotropin releasing hormone agonists (GnRHa),
which potently suppress pubertal development by inhib-
iting the hypothalamic-pituitary—gonadal axis. In doing
so, GnRHa suppress the development of secondary sex
characteristics which can be highly distressing for many
trans individuals. The existing literature on the effect of
GnRHa on reproductive function in young trans individu-
als is sparse, but studies on their effects in adult males as
a potential contraceptive have shown a marked decline
in sperm count [3]. Similar effects are expected in ado-
lescents and, consistent with this, a decrease in testicular
volume was observed in a majority of 49 transfeminine
adolescents who received GnRHa (median Tanner stage
4 (range: 2-5), median age 13.6 years (range: 11.6-17.9))
[4]. Based on the use of GnRHa in adults, inhibition of
sperm production appears reversible [3], but it is unclear
if this is true in the context of subsequent gender affirming
hormonal therapy for trans adolescents (see below).

Gender affirming hormone therapy for trans young
people involves administration of either estrogen in trans
females or testosterone in trans males, which promote
development of secondary sex characteristics consistent
with their affirmed gender identity. While some of these
effects (e.g. breast development, voice deepening) are irre-
versible and others (e.g. fat re-distribution, amenorrhea)
are not, data on the long-term effects of estrogen on sperm
production are inconclusive and limited to transfeminine
patients who started estrogen therapy in adulthood with
no prior GnRHa use. For instance, prolonged exposure to
estrogen therapy has been shown to cause testicular atro-
phy, absent or severely impaired spermatogenesis, and loss
of Leydig cells [5, 6]. However, normal sperm parameters
on semen analysis and normal spermatogenesis on testicu-
lar biopsy have also been reported in a small proportion
of individuals, as has recovery of spermatogenesis upon
estrogen cessation in a handful of cases [7-11].
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The third possible option for GAT involves gender affir-
mation surgery. For trans individuals assigned male at birth,
such surgery necessitates removal of the testes and leads to
permanent sterility.

Given the potential for GAT to impair future fertility,
international guidelines in trans health strongly recom-
mend FP counselling prior to GAT [12, 13]. In previous
studies that looked at attitudes towards FP, most adult trans
females felt that FP counselling should be offered prior to
GAT [14-16]. Moreover, 51% indicated that they would have
considered sperm cryopreservation if this had been available
and offered to them beforehand [15]. In reality, utilization of
FP services among trans females varies greatly, and ranges
from 9.6% to 81.8% in adults [1, 14, 17-25] and from <5%
to>60% in adolescents [1, 19, 23, 24]. In a recent study
from our own centre [25], we found that 62% of transfemi-
nine adolescents pursued FP. In part, the low rates of FP uti-
lization among transfeminine adolescents in previous North
American studies likely reflect service barriers (e.g., cost
and availability of FP procedures), given that clinics which
provided FP as part of a publicly funded, multi-disciplinary
program saw much higher rates of uptake [23, 25]. Another
important factor that has likely influenced rates of FP uti-
lization among this population is the type of FP offered.
For instance, while most services only offered sperm cryo-
preservation via semen specimen, our service also offered
transfeminine adolescents a testicular biopsy in order to try
to extract and freeze their sperm. Although testicular biopsy
involves surgery and is likely to yield fewer sperm than a
semen specimen, many patients in our experience prefer tes-
ticular biopsy, viewing it as less dysphoria-inducing than
masturbation which many of these young people have never
attempted.

The use of testicular biopsy for FP was previously devel-
oped in paediatric oncology and has been used prior to
gonadotoxic therapy either in pre-pubertal boys who have
not yet reached spermarche or peri-pubertal boys who are
not yet developmentally ready to produce a semen speci-
men [26]. While some of the latter may already be produc-
ing mature sperm that can be frozen, testicular tissue from
pediatric oncology patients commonly contains spermato-
gonial stem cells but no mature sperm. In such cases, use of
the frozen tissue for future reproductive purposes remains
experimental.

The use of testicular biopsy for FP in transfeminine ado-
lescents differs from its use in paediatric oncology in sev-
eral important ways. Firstly, transfeminine adolescents are
typically in good physical health. Secondly, there is usu-
ally less urgency in arranging testicular biopsy for trans
adolescents, given the need to start GAT is usually not as
pressing as chemo- or radiotherapy. Finally, use of GAT is
restricted to those who have already commenced puberty,
and thus testicular biopsy in such patients is more likely to
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yield mature sperm. However, hormonal treatments such as
GnRHa and estrogen are started across a range of pubertal
stages, and it would be clinically useful to be able to accu-
rately predict whether any mature sperm is present, since
this would directly assist patients, families and clinicians
to decide whether or not an invasive biopsy is likely to be
worthwhile. For instance, given use of frozen testicular tis-
sue for reproductive purposes remains experimental [27]
providing trans young people and their families with an esti-
mate of the likelihood that they will be able to successfully
store sperm after a testicular biopsy would help address the
uncertainty involved in undertaking such a procedure (which
is typically performed under institutional review board or
similar governance, requires general anesthesia, and carries
risks itself) [28]. Moreover, being able to forecast whether
a semen specimen is likely to contain sperm would be very
useful in this population, given the distress associated with
masturbation [15].

At present, we do not have a reliable way of making
such predictions. Spermatogenesis is known to start early
in pubertal development [29, 30], in some cases even before
the ability to produce an ejaculate [31]. Consistent with this,
spermatozoa within the urine have been found in 5% of boys
who appeared clinically pre-pubertal and in 50% of boys
at Tanner stages 2 and 3 based on pubic hair pattern; in
other studies, the onset of spermarche based on spermaturia
was described as occurring when testicular volumes were
as low as 4-5 ml (i.e. only slightly above pre-pubertal lev-
els) [31, 32]. However, the detection of sperm from urine
is of uncertain clinical value, given the time-consuming
methods involved in isolating sperm and questions over
the functional utility of such sperm for reproductive pur-
poses. Several studies of adolescent males with cancer have
instead analyzed semen produced either by masturbation or
electroejaculation. For instance, successful sperm retrieval
was observed to be as high as 90% among 26 adolescent
boys aged < 16 years with the youngest being 13.5 years old
[33, 34]. Similarly, a study of 106 adolescent male cancer
patients from the Netherlands reported successful sperm
retrieval in 68% of subjects [35], while a study of 86 ado-
lescent male cancer patients from Denmark reported suc-
cessful sperm retrieval in 93% [36]. Finally, we previously
reported successful identification of sperm following tes-
ticular biopsy from 8 oncology patients as young as 12 years
old, all of whom had testicular volumes > 10 ml and were
Tanner stage >3 [37].

Across these various studies, successful sperm retrieval
appeared to vary widely by age, Tanner stage, testicular vol-
ume and hormone levels [31, 38], with no consensus emerg-
ing with regard to clinically relevant cut off levels that might
allow one to successfully predict the presence of mature
sperm from an adolescent [39—42]. For example, Keene et al.
concluded from their study of 180 13—17-year-old oncology

patients that “cryopreservation of semen of acceptable qual-
ity for future use in assisted conception is feasible for most
adolescents from age 13 years onward”, after observing a
66% rate of success in this population [43]. Meanwhile,
other studies suggested alternative clinical thresholds,
including eighteen months following the onset of puberty,
greater than 12 years old, or the point at which a young
person is able to provide a masturbatory sample [34, 44,
45]. Testicular volume was also commonly used as a poten-
tial predictor, but suggestions for predictive cut-offs above
which sperm was likely to be present ranged widely from
5 ml [35, 36, 39-42] to 20 ml [32].

In light of the above, the aim of this study was to iden-
tify parameters to predict the successful isolation and cryo-
preservation of mature sperm from the testicular tissue of
transfeminine adolescents. To achieve this goal, we under-
took a retrospective analysis of testicular biopsy performed
for FP among our transfeminine adolescents prior to their
receiving GAT, and examined potential factors that might
predict successful sperm retrieval for cryopreservation.

Materials and methods
Study setting

The Royal Children’s Hospital Gender Service (RCHGS) is
a state-wide service based in Melbourne, Australia, that sees
individuals up to the age of 18 years with concerns regarding
their gender. Like similar clinics overseas, the RCHGS has
observed a dramatic increase in referrals in recent years [46]
and a formal fertility preservation service was established
in 2013 [37]. Trans individuals assigned male at birth are
given the option to try to store cryopreserved sperm either
via a masturbatory semen sample or via surgical extraction
involving testicular biopsy.

Testicular biopsy and testicular tissue processing

Testicular biopsy is offered and approved under special gov-
ernance as a novel technology, and provided without charge
to the patients. It is performed as a day case procedure under
general anesthesia via a midline scrotal incision. A longi-
tudinal incisional biopsy of at least 10 mm length, 3 mm
width and 5 mm depth is taken from the largest testis. Biop-
sied testicular tissue is placed into HEPES-buffered medium
containing human serum albumin. A portion of the tissue
(up to 10% of total biopsy volume) is cut from the sample
and dispersed using fine gauge needles, and the resulting
suspension is assessed under high power microscopy for the
presence of mature sperm. If mature sperm are seen, then
the remaining tissue is completely dispersed and the suspen-
sion prepared for cryopreservation as previously described
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[47]. If no sperm are found, then the remaining tissue is cut
into slices and cryopreserved as described previously [37].
If mature sperm is successfully isolated and frozen, patients
incur an annual storage charge of AUD$200.

Study design

We performed a retrospective chart review of trans indi-
viduals attending the RCHGS who had a testicular biopsy
for the purpose of FP in conjunction with receiving either
GnRHa and/or estrogen therapy. The review period ranged
from the inception of a formal fertility preservation service
at the RCHGS in January 2013 until July 2019.

Measures

As well as examining whether or not any sperm was identi-
fied and frozen following testicular biopsy, we also extracted
information on potential predictive measures from each
patient’s electronic medical record. These measures were
chosen based on their known role in puberty and repro-
duction and included: age, Tanner stage (based on genital
development), mean testicular volume (taken as the average
of left and right testicular volume), as well as serum LH,
FSH and testosterone levels. For those with no Tanner stage
explicitly recorded in the file, testicular volume was used to
infer Tanner stage [48]. Tanner stage and testicular volume
details were used so long as they were recorded within the
six months prior to the testicular biopsy.

Data management and statistics

All data were recorded in Microsoft Access, and relevant
statistical methods including Mann—Whitney U-tests, mul-
tiple testing correction (FDR), and Fisher’s exact test were
applied using GraphPad Prism (v.7.04).

Ethics

This study was approved by the RCH Human Research Eth-
ics Committee (#36,323).

Results

In total, 31 adolescents underwent testicular biopsy pro-
cedures during the study period. 25 of these individuals
(median age/height/weight (IQR): 13.4 (1.7) years, 162 (18)
cm and 54.6 (16.8) kg respectively) had their biopsies per-
formed prior to receiving any hormonal treatment (22 prior
to GnRHa, 3 prior to estrogen), and their characteristics are
described in Table 1. An additional six individuals (median
age: 14.5 years) had commenced GnRHa prior to biopsy, and
were excluded from the primary analysis (but are considered
separately later on).

Of the 25 naive to hormonal treatment at the time of
biopsy, we observed that 17/25 (68%) were successfully
able to store sperm, and had a median total sperm count of
2.6x10° (IQR: 0.1-2 x 10°/mL) and median % motile sperm
of 0 IQR: 0-2%). Eight patients (32%) had no sperm identi-
fied and only testicular tissue was stored.

Table 1 Clinical characteristics
of 25 adolescents who had
testicular biopsy prior to

any hormonal intervention,
including comparison between

those who did and did not have
sperm frozen after testicular
biopsy

All patients No sperm frozen Sperm frozen

(n=25) (n=38) (n=17)

Median IQR Median IQR Median IQR FDR-corrected

p-valuet (q)

Age (years) 13.4 1.7 13.5 1.8 13.8 34 0.08
Serum LH (IU/L)* 1.9 2.2 1.7 22 22 26 043
Serum FSH (IU/L)* 2.7 24 28 20 27 33 043
Serum testosterone (nmol/L)* 6.7 9.8 2.5 6.5 7.8 9.2  0.05
Tanner stage 3 1 2 1 3 1.25 0.009
Testicular volume (mL)} 12 4 8.0 4.0 13.4 7.6 0.003
Sperm count — total yield (nx 109 0.1 2.8 0 0 2.6 4.1 n.c

* LH and FSH were available for 22 of the individuals, while Testosterone was available for 23 of the indi-
viduals. The number of individuals with sperm frozen with available blood tests were limited to 14 for both
LH and FSH, and 15 for testosterone; 1 Testicular volume was available within the allowable timeframe for
21 of the individuals, 7 of whom had no sperm frozen and 14 of whom had sperm frozen. £ Mann Whitney
U-test was used to compare those who did and did not have sperm frozen after testicular biopsy. n.c.=not

calculated
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Clinical and biochemical characteristics of those who did
or did not have sperm successfully extracted for cryopreser-
vation were compared (Table 1).

The ages of those who had sperm frozen (median:
13.8 years; IQR: 3.4 years) were similar to that of those who
did not (median: 13.5 years; IQR: 1.8 years) (FDR-corrected
p-value: 0.09) (Fig. 1A).

Tanner stage and mean testicular volume were available
for 14 of the 17 individuals who had sperm frozen and 7 of
the 8 who did not have sperm frozen. At Tanner stage 2, 0
of 4 patients had sperm frozen. At Tanner stage 3, 8 of 11
(73%) patients had sperm frozen. At Tanner stages 4 and 5,
6 of 6 patients (n =3 per stage) had sperm frozen. Consistent
with these findings, mean testicular volumes were observed
to be significantly greater in the group that successfully had
sperm dissected and frozen (median: 13.4 mL; IQR: 7.6 mL)
compared to those who did not (median: 8.0 mL; IQR 4 mL;
FDR-corrected p-value: <0.01) (Fig. 1B).

Hormonal data were available for 14—15 of the 17 indi-
viduals who had sperm frozen and all 8 of those who did
not have sperm frozen. No differences in serum LH or FSH
levels were observed between the two groups (Fig. 1C-D).
A higher serum testosterone (median: 7.8 nmol/L; IQR: 9.2)
was observed in those who had sperm successfully cryopre-
served compared to those who did not (median: 2.5 nmoL/L;
IQR:6.5; FDR-corrected p-value: 0.09), but as with age,
there was significant overlap across the two groups (Fig. 1E),
with even relatively a high level > 15 nmoL/L not associated
with sperm cryopreservation in one individual.

The ability of different age, testicular volume and testos-
terone thresholds to predict successful retrieval of sperm for
cryopreservation was assessed (Table 2). These data indicate
that a testicular volume cut-off of 10—12 mL allows optimal
prediction in terms of sensitivity and specificity.

Finally, we also considered those six individuals who
had testicular biopsies after commencing GnRHa (Table 3).
At the time of biopsy, the median age of this group was
14.5 years (range: 13.4-17.1) and the median treatment dura-
tion on GnRHa was 1.5 years (range 0.4-3.7). Three patients
had received Leuprorelin 30 mg IM, one had been on Goser-
elin 10.8 mg SC before switching to Leuprorelin 30 mg IM,
and two others had been on Goserelin 10.8 mg SC before
switching to Triptorelin 22.5 mg. Notably, one of these
patients had small numbers of mature, non-motile sperma-
tozoa (< 1 x 105) successfully isolated and frozen at the age
of 15 years. This was despite having been on GnRHa regu-
larly for>2 years — initially Goserelin every 2-3 months
for the first 21 months and then Leuprorelin every 3 months
thereafter (the most recent injection of which was 7 weeks
before the biopsy) — and having shown both biochemical
and clinical evidence of effective pubertal blockade. While
this patient’s Tanner stage and testicular volumes prior to
starting GnRHa were unfortunately unavailable (due to their

refusal of a genital examination), history suggested that they
were at Tanner stage 1-2 12 months before commencement
of GnRHa and baseline serum testosterone just prior to start-
ing treatment was relatively high (9.2 nmol/L).

Discussion

Fertility counselling is a crucial aspect in the care of trans
adolescents considering hormonal interventions [12, 13,
49]. For trans adolescents assigned male at birth, a clinical
challenge that commonly arises during such counselling is
whether or not a young person is likely to have any sperm
to cryopreserve. Knowing the likely answer to this ques-
tion directly influences the advice and recommendations
that a clinician will make and hence the decision-making of
patients and their families.

Previously, age has been suggested as one potential deter-
minant in deciding whether or not to pursue sperm cryo-
preservation. For instance, one study suggested that cryo-
preservation of semen for future use in assisted conception
is feasible for most adolescents from age 13 years [43], while
another that similarly examined masturbatory semen sam-
ples suggested all patients aged > 12 years should be offered
sperm freezing [44]. Consistent with these previous sug-
gestions from the study of adolescent oncology patients,
we observed that several individuals aged as young as
11-12 years were able to successfully freeze sperm (Fig. 1).
However, 4 of 8 (50%) patients who had no sperm identified
from testicular biopsy were already aged 13—14 years, and
using these ages as a threshold to predict successful retrieval
of sperm for cryopreservation showed poor sensitivity and
specificity (Table 2).

Serum sex hormone levels are often measured as part of
routine clinical care of trans adolescents considering hor-
mone treatment, and so in theory might represent a conveni-
ent metric to guide fertility counselling in this population.
Previously, however, Van Casteren et al. showed no signifi-
cant difference in serum testosterone, LH and FSH levels
among 80 13—18-year-old adolescent cancer patients with or
without successful retrieval of sperm for cryopreservation
from semen [50]. While our results were similar in terms of
serum LH and FSH, we did observe higher serum testoster-
one levels in patients who successfully froze sperm. How-
ever, as with age, we found that various thresholds to predict
successful sperm cryopreservation based on testosterone lev-
els tended to show poor sensitivity and/or specificity.

Testicular volume has previously been suggested to be
a useful predictor of successful fertility preservation dur-
ing adolescence. For example, Hagenas et al. found testicu-
lar volume correlated with successful semen collection in
their cohort of 86 12—17-year-old cancer patients and sug-
gested that any individual with testicular volumes of >5 mL
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«Fig. 1 Comparison of (A) age, (B) testicular volume, (C) serum LH,
(D) serum FSH and (E) serum testosterone in adolescents who did
and did not have sperm frozen after testicular biopsy. Median and
IQR values are indicated, and FDR-corrected p-values (q) are also
displayed

should be offered semen banking [36]. However, another
study suggested a much higher testicular volume threshold
of >20 mL, but this observation was based on spermaturia,
which is known to be highly variable [32]. Our results sug-
gest a cut-off of >5 mL may be too low, since we failed to
observe sperm in anyone with less than 10 mL testicular
volume. Similarly, a threshold of >20 mL appears too high
based on our data, since many young people with testicular
volumes less than 20 mL were able to successfully freeze
sperm. Instead, we found that a testicular volume in between
these previous recommendations (i.e. > 10—-12 mL) is likely
to be a useful clinical cut-off in assisting with fertility coun-
selling based on sensitivity and specificity analyses.

Taken together, our results are likely to be useful for trans
adolescents considering testicular biopsy for FP. Indeed,
based on these data, we have adapted our fertility coun-
selling practices to recommend that adolescents wait until
their testicular volumes are > 10 mL if they wish to attempt
FP via testicular biopsy. As a result, many of our patients
now delay commencement of GnRHa until this threshold is

Table 2 Using Testicular volume, age and serum testosterone to pre-
dict successful retrieval of sperm for freezing following testicular
biopsy

% with sperm  Sensitivity Specificity p-value
frozen
Mean testicular volume (mL.)
>6 70.0 1.00 0.14 0.33
>8 73.7 1.00 0.29 0.10
>10 86.7 0.92 0.71 0.006
>12 91.6 0.79 0.86 0.02
>14 100 0.43 1 0.11
>16 100 0.29 1.00 0.27
Age (years)
>11 68.0 1.00 0.00 >0.99
>12 72.7 0.94 0.25 0.23
>13 73.7 0.82 0.38 0.34
>14 88.9 0.47 0.88 0.18
>15 100 0.35 1.00 0.13
>16 100 0.35 1.00 0.13
Serum testosterone (nmol/L)
>4 78.6 0.79 0.63 0.08
>8 85.7 0.43 0.88 0.19
>12 83.3 0.36 0.88 0.35
>16 100 0.21 1.00 0.27
>20 100 0.21 1.00 0.27

reached. However, delaying GnRHa treatment in this way
must be balanced against the risk of unwanted masculiniza-
tion (e.g., voice changes) and ongoing psychological distress
that accompanies pubertal progression in these adolescents.
Our findings may also be useful in providing counselling to
trans adolescents willing to give a semen specimen, although
it remains unclear what the correlation is between finding
sperm on testicular biopsy and in semen. Similarly, our data
may be helpful in determining the likelihood of being able
to successfully retrieve sperm for freezing in pediatric oncol-
ogy patients who undergo testicular biopsies while in early
puberty. Having said that, our patients were physically well,
and it is possible that spermatogenesis in our cohort and
those recently diagnosed with malignancy may be different.
Nevertheless, our findings are broadly consistent with our
own observations from a small cohort of oncology patients,
8 of whom had sperm identified following testicular biopsy
and had testicular volumes > 10 mL [37].

One surprising outcome of our study was the observa-
tion of mature sperm in one of six patients who under-
went a biopsy after commencing GnRHa. This suggests
that spermatogenesis can continue even in the presence
of ongoing GnRHa treatment, which in this patient’s case
had begun at 13.5 years and then been given regularly
every 2-3 months for > 2 years thereafter. However, we
cannot rule out the possibility that their GnRHa activity
had diminished at the time of their biopsy, which occurred
7 weeks after their previous depot injection. Similarly, we
do not know whether this individual was already produc-
ing sperm at the time they started their GnRHa, and thus
cannot tell whether spermarche had occurred prior to or
during GnRHa treatment.

Of course, our study is not without other limitations.
Firstly, although this study represents, to our knowledge,

Table 3 Characteristics of 6 patients who had testicular biopsy after
commencing GnRHa

Median (range)

Age at biopsy (years) 14.4 (13.4-17.1)

Height (cm) 165 (1.56-1.76)
Weight (kg) 51.4 (40.5-65)
Tanner stage* 2 (2-5)
Testicular volume (mL)¥ 5.5 (4-11.5)
Serum LH on GnRHa (IU/L)* 0.4 (<0.2-1)
Serum FSH (IU/L) on GnRHa (IU/L)* 0.8 (0.1-4)

Serum testosterone on GnRHa (nmol/L)* <0.5(<0.4-1.8)

Duration of GnRHa treatment at biopsy (months) 19.8 (5.4-44.1)

“Data available for only 5 individuals

 Data available for only 3 individuals; for the 2 individuals with the
smaller testicular volumes, these were assessed prior to GnRHa com-
mencement; for the other individual, these were assessed 2 years after
GnRHa were started
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the largest reported cohort of non-oncology adolescents
undertaking testicular biopsies for the purposes of FP,
the overall number of participants remains small. Sec-
ondly, there was usually a short delay between clinical
assessment of testicular volume, Tanner stage and serum
hormone levels and the testicular biopsy actually being
performed (median delay was 1.1 months (IQR: 0.9-2.5)),
which arose due to differences in timing between their
paediatric assessment and date of surgery. Thus, when
considering these data for the purposes of providing fertil-
ity counselling, clinicians should be aware that the actual
testicular volumes, Tanner stages and hormone levels at
the time of biopsy (and sperm assessment) may have been
slightly higher than those upon which our analysis was
based. As such, it is possible that using our recommended
10-12 mL testicular volume threshold might overpredict
the likelihood of sperm being present, although given the
relatively short interval between assessment and biopsy
the overall effect of this delay is likely to have been minor.
Finally, we were missing data on testicular volume, Tanner
stage, and serum hormone levels for a small number of
patients, and we are unsure how these might have affected
our results. Looking ahead, as the use of testicular biopsies
for FP becomes more common in pediatric practice, it will
therefore be important to further examine the question of
what clinical features best predict successful retrieval of
sperm for cryopreservation in adolescents.
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