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Abstract Cyclophosphamide continues to have an important
role in the treatment of renal disease, including nephrotic
syndrome and lupus nephritis, despite known complications
of gonadotoxicity and potential infertility in both male and
female patients. It is important that the physician
recommending this therapy mitigates the effect of the drug
on fertility by adhering to recommendations on dosing limits
and offering fertility-preserving strategies. In addition to well-
established methods, such as sperm banking and embryo
cryopreservation, advances in reproductive technology have
yielded strategies such as oocyte cryopreservation, resulting in
more fertility-preserving options for the pediatric patient. De-
spite these advances, there continues to be a significant barrier
to referral and access to sperm banks and fertility specialists.
These issues are further complicated by ethical issues associ-
ated with the treatment of pediatric patients. In this review we
explore the development of recommended dosing limits and
include a discussion of the available fertility-preserving
methods, strategies for increasing access to fertility specialists,
and the ethical considerations facing the pediatric healthcare
provider.
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Introduction

In 1949, Chasis et al. published the first paper demonstrating
that renal manifestations of glomerulonephritis could be re-
versed by the administration of a nitrogen mustard compound
[1]. In 1952, patients with nephrotic syndrome (NS) who
relapsed after standard therapy with steroids were also found
to respond to treatment with nitrogen mustard [2]. Treatment
of NS with nitrogen mustard fell out of favor until the intro-
duction of cyclophosphamide (CPO), a less toxic nitrogen
mustard derivative, in 1967. CPO was found to produce
prolonged remission in patients with relapsing NS [3, 4] and
was approved by the Federal Drug Administration as an
anticancer agent. It continues to have significant clinical ap-
plications in nephrology, oncology, and rheumatology [5].

The deleterious effect of CPO therapy on testicular func-
tion began to emerge in the literature approximately 5 years
after its introduction, with studies consistently demonstrating
oligospermia or azoospermia in patients receiving CPO [6, 7].
In a 1992 study, Meistrich et al. followed sperm counts
through the treatment course with CPO and demonstrated a
drop from normal sperm count levels prior to treatment to
azoospermic levels after 12 months of therapy [8]. Amenor-
rhea secondary to CPO therapy was also noted in the early
1970s, with loss of menstrual cycles in 18 of 34 previously
menstruating women who were treated with CPO for glomer-
ulonephritis, nephropathy, and lupus nephritis (LN) [8, 9]. The
risk of sustained amenorrhea has been shown to develop in a
dose-dependent and age-dependent pattern, with older pa-
tients and patients receiving higher cumulative doses at an
increased risk of developing amenorrhea [10]. It is important
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to note that a similar protective effect of age is not noted in
male patients.

Despite long-standing concerns for these significant side
effects and implications for fertility, CPO continues to be a
key therapy for patients with steroid-dependent NS and rheu-
matologic diseases, including LN. A 2013 meta-analysis
reaffirmed the role of alkylating agents, specifically CPO
and chlorambucil, as the most effective second-line therapy
in pediatric patients with steroid-sensitive NS who relapse
despite steroid therapy [11]. Therapy for frequently relapsing
NS with a combination of oral CPO and steroids for 8–
12 weeks results in a significantly reduced risk of relapse at
both the 6- to 12-month mark and the 12- to 24-month mark
compared to prednisone alone [11]. The use of CPO for
proliferative LN has resulted in the reduction of mortality
from over 70 % in the 1950s and 1960s to approximately
10 % in recent years [12]. Recent studies have also demon-
strated the equivalent efficacy of mycophenolate mofetil
(MMF) in inducing remission in LN. The less severe side-
effect profile of MMF has made it an attractive alternative
therapeutic option, but long-term follow-up studies are needed
[12]. The 2012 American College of Rheumatology
Clinical Practice Guidelines for Lupus Nephritis
established MMF as the preferred induction agent com-
pared to CPO for patients in whom fertility preservation
(FP) is a major consideration [13]. While the role of
CPO in LN therapy may be evolving, at the present
time it continues to be an important drug in induction
therapy for severe renal disease.

While CPO has been used in patients with renal disease
since the 1960s, advances in reproductive technology have
resulted in FP receiving increasing attention during the treat-
ment of patients with renal disease. A series of patient surveys
have established that parenthood is important to young adults
who have been treated with gonadotoxic therapy for oncologic
disease, with up to three-fourths of respondents expressing a
desire to have offspring in the future [14]. Patient preference
and a perception of physician responsibility to mitigate the
effects of gonadotoxic drug therapy havemade FP a nationally
accepted standard practice among pediatric oncologists [15].
While the majority of research on FP in the pediatric patient
has been in the realm of oncology, a similar standard of care
should be adopted for the pediatric patient with renal disease.
The limitations of current data, including variable treatment
regimens which cannot be directly compared and combination
therapy with other gonadotoxic drugs in the setting of treat-
ment for malignancy, must be taken into consideration. In this
review, we address the risk of infertility associated with CPO
therapy, fertility-preserving options for both male and female
patients, and the importance of consistent and timely referrals
to fertility specialists. Further, we discuss the unique chal-
lenges and ethical considerations facing pediatric
nephrologists.

Dosing recommendations for treatment with CPO

Initially developed as an antineoplastic drug, CPO is classified
as an alkylating agent. The mechanism of action involves the
transfer of alkyl groups to cellular constituents and reaction
with DNA bases, which damages DNA repair mechanisms
and ultimately results in cell death [16, 17]. Themechanism of
the effect on fertility, however, remains unknown [17].

Dosing limits for steroid-dependent NS range from 168–
252 mg/kg of CPO, which corresponds to the gonadotoxic
dose limit in males [18]. This dosing limit was initially
established in 1981 in a long-term follow-up study by
Trompeter et al. in which they evaluated adult males who
had been treated with CPO as children, with doses limited to
3 mg/kg CPO for an 8-week course (168 mg/kg) [19]. These
authors found that despite lower ejaculate volume and sperm
densities and a higher percentage of immotile and abnormal
spermatozoa compared to healthy controls, these abnormali-
ties were not severe enough to suggest permanent infertility
[19]. The treatment regimen recommended for steroid-
dependent NS is a dose of 2–3 mg/kg/day CPO given orally
for 8–12 weeks [18]. Ueda et al. recommend a dose of
2 mg/kg/day given orally for 8 weeks and demonstrated no
significant benefit in extending the duration of therapy beyond
8 weeks, with comparable relapse-free rates at the 5-year
follow-up and similar relapse-free intervals between the two
durations of therapy [20]. However, in this report, these au-
thors do include a discussion of one study that suggests benefit
to extending therapy to a 12-week course, but outline a shorter
duration of therapy as comparable to a 12-week course [20].
This regimen has been proven to be effective for steroid-
dependent NS and also conforms to the limits recommended
for FP.

Treatment of LN, in contrast to treatment of NS, employs
gonadotoxic dose limits measured in gram per square meter
(g/m2) [8], which is the standard of care in pediatric oncology
[15]. As discussed below, the recommended dosing limit in
male patients is 7.5 g/m2 based on sperm count recovery [8].
While this dosing limit is also accepted for the female patient,
the protective effect of age allows younger patients to tolerate
a higher cumulative dose, up to 10–15 g/m2 [10]. Classically,
LN treatment has involved a variable length course of 0.75–
1 g/m2 per month of CPO for up to 6 months, then every
3 months for up to 2 years [21]. Newer regimens include a
shorter course of CPO for 3–6 months with conversion to
MMF [22] or tapering to a low-dose CPO regimen [23]. The
Euro-Lupus Nephritis Trial established that a treatment regi-
men consisting of induction therapy with a low-dose regimen
of 500 mg administered every other week for a total of six
doses (3 g total) followed by azathioprine for maintenance
therapy is clinically comparable to a traditional high-dose
regimen [23]. The authors reported no cases of secondary
amenorrhea in the 14-year follow-up published. This regimen
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was included in the ACCESS trial and was recently reported
to produce a greater proportion of patients achieving complete
remission in 24 weeks than prior trials of both CPO therapy
and MMF. The study group included high-risk patients aged
≥18 years of whom 39 % were of African ancestry and 40 %
Hispanic ethnicity [23].

Risk of infertility with the use of CPO in the male patient

While male patients develop profound oligospermia and even-
tually azoospermia over the course of therapy with CPO, this
effect can be reversible over time in many patients, with a
possibility of recovering fertility if dosing limits are
maintained.

Dose-dependent recovery of fertility was demonstrated in a
1992 study by Meistrich et al. [8]. Sperm counts were moni-
tored in patients receiving combination chemotherapy as part
of a treatment regimen for either osteosarcoma or a soft tissue
sarcoma. The data demonstrated that all patients who had
sperm counts evaluated during chemotherapy were
azoospermic after 12 months of treatment, despite being
normospermic prior to the initiation of therapy. Recovery of
normospermia, defined as sperm counts of at least 10 million
cells/ml, was found to be dose-dependent. While only 11 % of
patients who received CPO doses higher than 7.5 g/m2 dem-
onstrated normospermia, 72 % of patients whose cumulative
dose was less than 7.5 g/m2 were able to demonstrate recovery
of the sperm count to a normospermic level. Although the
dosing data in the oncology literature is based on combination
chemotherapy, these limits are generally accepted, given the
lack of data of therapy with CPO alone [8].

A recent survey of U.S. pediatric nephrologists showed that
while 95 % of physicians monitor cumulative dose of CPO,
variable dosing regimens are used, with 40 % of physicians
dosing in grams per square meter, 23 % using milligrams per
kilograms and 30 % using both regimens [24]. It is important
to note that large adolescent males dosed in milligrams per
kilogram can exceed the gonadotoxic limit in grams per
square meter even if the former dose limits are respected
[25]. Additionally, some patients may require a second course
of CPO for refractory disease, resulting in very high cumula-
tive doses with the attendant increased risk of infertility [25].
These concerns underscore the importance of appropriate
counseling and intervention prior to initiation of CPO therapy.

Risk of infertility with use of CPO in the female patient

Infertility in the female patient is nuanced andmore difficult to
predict than that in male patients. The established dosing
ranges cited above in both milligrams per kilogram and grams
per square meter apply equally to males and females, but the

limits of gonadotoxicity are somewhat different. The
gonadotoxic effects on the ovary and oocytes are thought to
be cumulative and irreversible given that the number of oo-
cytes is determined in fetal life [26–29]. CPO therapy in
female patients causes ovarian toxicity in an age- and dose-
dependent manner, with progressively smaller doses resulting
in sustained amenorrhea in older women [26–29]. The issues
with different dosing regimens, including weight-based dos-
ing and cumulative effects with repeat therapy, that are
outlined above also apply to the female patient.

The difficulty in defining fertility in the female patient is a
major limitation of studies of the gonadotoxic effects of CPO in
female patients. Indicators of fertility found in the literature
range from the presence or absence of menstruation to objec-
tive interpretation of serum levels of estradiol and gonadotro-
pins to define premature ovarian failure, which makes a direct
comparison between various studies difficult. In a 1993 study,
Boumpas et al. evaluated the risk of sustained amenorrhea in
patients with systemic lupus erythematosus (SLE) receiving a
pulse-dose CPO treatment regimen. A group of 39 women
aged <40 years were treated with either a short course (7
treatments) or long course (≥15 treatments) of pulse-dose
CPO at a dose of 0.5–1 g/m2 per treatment. The age- and
dose-dependent risk of sustained amenorrhea was clearly dem-
onstrated, with an increased incidence in older patients and
those receiving higher cumulative doses of CPO. Sustained
amenorrhea was noted in two of 12 (17 %) patients aged <25
years included in the long-treatment course, while none of the
four patients in the short-treatment group in this age range
demonstrated sustained amenorrhea. In contrast, among pa-
tients who were aged ≥31 years, 100 % in the long-treatment
group were affected, compared to 25 % in the short-treatment
group [10]. Intermediate risk was noted in patients aged be-
tween 26 and 30 years, with 43 % of patients in the long-
treatment group and 12% of those in the short-treatment course
developing amenorrhea [10]. These results clearly demonstrate
a protective effect of age that allows a higher cumulative dose
in younger patients, with a small risk of sustained amenorrhea
with doses of 10–15 g/m2 [10].

A similar age-dependent effect was demonstrated by
Ioannidis et al. in a cohort of 67 premenopausal women who
received monthly pulse-dose steroids at a dose of 0.75–1 gm/
m2 for 6 months, followed by doses every other month for the
following 12 months [26]. The patients were divided into a
younger age group (≤31 years) and an older age group (≥32
years) and were monitored for sustained amenorrhea, defined
as lack of menses lasting ≥12 months. In the younger age
group, 5 of 44 women treated with CPO developed sustained
amenorrhea compared to 16 of 23 women who were aged
≥32 years. These authors demonstrated that the dose resulting
in sustained amenorrhea, i.e., amenorrhea lasting ≥12 months,
in 50% (D50) of patients aged ≥32 years was 8 gm/m2 and that
the D90 was 12 g/m

2 [26]. Given the clear age-dependent and
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dose-dependent effects on fertility in the female patient, FP
methods should be considered in pediatric patients who are
anticipated to receive treatment exceeding the 10–15 g/m2

dosing limit.

Currently available fertility-preserving methods for males

Sperm banking is a well-established, effective, and accepted
practice for collecting and storing male gametocytes in ado-
lescent patients who are at Tanner III stage of development or
greater [15, 30, 31]. In an adolescent male who is at the Tanner
III stage of development or greater and can ejaculate after
masturbation, it is a noninvasive procedure that can be accom-
plished prior to receiving therapy [31]. Adequate samples can
be collected with only 24–48 h between ejaculations so that
storage of one or two samples before treatment could be
accomplished in all but the most emergent cases [14]. If a
patient is unable to produce a sample, alternative sources of
sperm include microsurgical epididymal aspiration,
electroejaculation, or testicular biopsy. New methods for
in vitro fertilization (IVF) include intrauterine insemination
(IUI) and intracytoplasmic sperm injection (ICSI), and these
methods have improved fertility outcomes for men with low
sperm counts or motility defects [28, 32].

A recent national survey of pediatric nephrologists showed
that 56 % of respondents recommend sperm banking to some
male adolescent patients and 53 % of respondents refer some
male adolescent patients to a fertility specialist [24]. The low
risk of collecting a sperm sample in an eligible male coupled
with the benefit of avoiding potentially permanent infertility
and the already broad utilization of sperm banking by pediatric
nephrologists make sperm banking a highly feasible therapeutic
option for patients with renal disease [25]. Our recommenda-
tion is that all teenage boys whose therapy will include CPO
should be given the opportunity to cryopreserve sperm regard-
less of their planned dose of CPO.Doses of CPO are sometimes
extended in refractory renal disease so it is not always possible
to accurately predicate a cumulative exposure in these patients.

Options for FP in the prepubescent male are limited to
experimental protocols. The goal of FP in patients who have
not yet undergone spermatogenesis is preservation of sper-
matogonial stem cells (SSCs) [33]. SSCs can be isolated from
aspirated cell suspension or from cryopreserved immature
testicular tissue (ITT). The advantage of ITT cryopreservation
is the maintenance of tissue architecture and cell-to-cell con-
tacts between Sertoli cells and germinal stem cells, which
eventually become important for the maturation of SSC [33].
Although there has been success with fertilization in animal
models, preserved testicular tissue has not yet been demon-
strated to be successful for spermatogenesis in humans. Gins-
berg et al. showed that the collection of testicular tissue for
cryopreservation is a feasible, safe, and acceptable procedure

in a high-risk pediatric oncology population [34], but this
experimental procedure is unlikely to be available to patients
with renal disease in the near term.

Currently available fertility-preserving methods
for females

Major advances in assisted reproductive technology for female
patients over the past 20–30 years have allowed the field to
begin to expand beyond the well-established practice of em-
bryo cryopreservation and hormonal ovarian suppression.
Emerging techniques include oocyte cryopreservation with
vitrification of both mature and immature oocytes, thereby
allowing the storage of an unfertilized egg. The introduction
of cryopreservation of ovarian tissue through experimental
protocols has the potential to expand the availability of assisted
reproductive technology to premenstrual females. These excit-
ing advances in technology have been greeted with enthusiasm
by the medical community, which may partially explain why a
recent national survey of pediatric nephrologists showed that
58 % of respondents had referred some female adolescent
patients being treated with CPO to a fertility specialist [24].
Most young girls with renal disease will not be treated with
CPO doses that will place them at significant risk for acute
ovarian failure (i.e. >10–15 g/m2) [10]. Theymay, however, be
more likely to experience premature ovarian failure. Because
acute ovarian failure is unlikely, FP methods at the onset of
renal disease may not be necessary but should be discussed on
a case-by-case basis so that patients and families can be in-
formed of their risks and be able to consider their options.

Embryo cryopreservation is the best-established fertility-
preserving technique in females, with proven pregnancy suc-
cess rates of up to 60 % [35]. The major limitation of this
technique is that the female patient must either identify a male
partner or agree to the use of a sperm donor for fertilization of
the ovum prior to cryopreservation [17, 36]. Further, the
hormone therapy administered for ovarian stimulation may
pose a risk for exacerbation of hormone-responsive condi-
tions, such as lupus [30]. Although fertility specialists might
be able to help eligible patients access this highly effective
therapy, these limitations make embryo cryopreservation a
problematic option in the vast majority of pediatric patients
with renal disease. It is important for practitioners to maintain
a working knowledge of recent advances and available tech-
niques, even if still in an experimental phase [37].

Another commonly employed, albeit controversial, tech-
nique is the use of hormones to induce a quiescent state in the
ovaries, which theoretically results in a protective effect. The
use of gonadotropin-releasing-hormone agonists (GnRH-a) to
induce hormonal suppression of activity in the ovary con-
tinues to be debated as conflicting results regarding their true
protective effects have been reported [30]. A 2005 study
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demonstrated a protective effect of monthly depot leuprolide
injections against the development of premature ovarian fail-
ure in patients receiving intravenous (IV) CPO for severe SLE
[38]. Hormonal suppression is induced by using either GnRH-
a, such as leuprolide, or GnRH antagonists [30]. The sug-
gested mechanism of protection in ovarian suppression is one
of decreased blood flow to the dormant gonads through in-
creased luteinizing hormone/follicle stimulating hormone re-
lease and decreased estrogen production, thus limiting expo-
sure to gonadotoxic drugs [30]. Therapy with a GnRH analog
can result in menopausal symptoms, including hot flashes,
emotional lability, vaginal dryness, and decreased libido, but
these generally resolve within 4–12 weeks after cessation of
therapy [30]. It is important to note that GnRH-a treatment is
also associated with an accelerated loss of estrogen-dependent
trabecular bone mass [39], with contradictory results reported
regarding reversibility [38]. Hormonal suppression is a thera-
py with limited efficacy but relatively low risk, making it a
potentially suitable intervention on a case-by-case basis, with
fertility specialists functioning as the gatekeeper for this ther-
apy. A recent study involving triptorelin, a GnRH-a, has
recently been conducted to test the safety of this medicine
when used for the protection of the ovaries during cyclophos-
phamide therapy for SLE. The results of this studymay impact
the future use of ovary-protecting agents in this patient popu-
lation (Hermine Brunner, Principal Investigator,
ClinicalTrials.gov Identifier:NCT00124514).

Oocyte cryopreservation provides an opportunity for
assisted reproduction when embryo cryopreservation is not
an option [40]. When the decision is made to have children,
harvested unfertilized oocytes are fertilized in vitro via ICSI
and then implanted. A new technique called vitrification has
resulted in safer freezing and thawing of cryopreserved oo-
cytes with dramatically improved pregnancy rates, making
oocyte cryopreservation a safe option [41], Recent guidelines
acknowledge that more evidence is needed before mature
oocyte cryopreservation can be routinely used in lieu of em-
bryo cryopreservation [41]. The disadvantages in a pediatric
nephrology population include the requirement that patients
have achieved menarche and spontaneous ovulation and the
need for an operative procedure to harvest the oocytes. Fur-
ther, the relatively lower risk in younger patients of amenor-
rhea and infertility potentially tilts the risk/benefit ratio in
favor of no intervention. At the same time, this technique is
more likely to be realistic than embryo cryopreservation in a
pediatric population, so referral to a fertility specialist may be
indicated for interested patients and families.

At this time, the only available fertility-preserving method
in prepubescent females is experimental ovarian tissue cryo-
preservation. This method has also been used for postpubertal
females who cannot delay therapy for spontaneous ovulation
or hormonal stimulation [42]. The procedure involves surgical
removal of either a portion of ovarian cortical tissue or the

whole ovary [43], followed by storage of the tissue in a tissue
bank; it is then reimplanted when the patient is ready for
reproduction. This procedure has resulted in a few successful
pregnancies worldwide [44], but to date no live births have
been reported in women who cryopreserved tissue before
puberty. Although this is a promising new therapy, the
experimental nature of the procedure is likely to serve as
a major barrier in the near term for pediatric patients with
renal disease.

Barriers to FP

A 2007 survey of oncology providers at major academic
pediatrics centers revealed that while 92.8 % of physicians
demonstrated a desire to consult with fertility specialists, only
34.6 % had actually successfully referred patients in their
practice [37]. Similarly, in a national survey of pediatric
nephrologists, 80 % of respondents agreed that referral for
FP was a major concern for them, while only 53 % referred
some male patients to a fertility specialist and 58 % referred
some female patients. Nearly 50 % of those surveyed cited
“patient is too ill to delay treatment” as a major barrier to
referral for FP [24]. This is indeed a significant barrier in the
case of patients with rapidly progressive glomerulonephritis or
other critical illnesses, although creative solutions, such as
sperm banking in the hospital, may sometimes be found. In
the same survey, nearly 30 % of respondents cited lack of
referral infrastructure as a major barrier to referral [24]. The
relative rarity of lupus nephritis and steroid-dependent NS
means that spending extensive time developing expertise in
FP may not be feasible for pediatric nephrologists, making
referral the best option. For male patients, the answer lies in
referral to local sperm banks or consultationwith colleagues in
the department of oncology who may have a more established
referral base. For female patients interested in fertility-
preserving options, referral to a Reproductive Endocrinology
and Infertility (REI) specialist is crucial for initial evaluation
and workup, as well as recommendations regarding the most
appropriate method of FP. Further, fertility specialists will
likely assist with the use of preserved tissues when the deci-
sion is made to reproduce [29].

Sperm banking is an established component of oncology
care in patients at risk for infertility in France, Norway, Japan,
and the UK and is underwritten by the national healthcare
system [45]. In the USA, coverage for FP varies by state, with
insurance in some states covering initial costs of the harvest-
ing and banking procedure but not always paying the annual
storage fee [46, 47]. The estimated cost of storing three
samples of sperm produced by masturbation for 3 years in a
sperm bank in 2006 was close to $1,500 [42]. Oocyte retriev-
al, cryopreservation, and storage for 1 year costs $5,538, with
an additional $3,162 incurred at the time of thawing, IVF, and
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embryo transfer [42]. While these costs can pose a significant
burden for a family facing the possibility of covering these
costs out of pocket, it must be noted that patients do not cite
cost as a significant consideration when making the decision
whether or not to pursue fertility-preserving methods [31].
Patients with insufficient insurance coverage can be referred
to nonprofit organizations such as Fertile Hope (www.
fertilehope.com) that can help defray costs. Some patients
may fall into a gray area in which they are ineligible for
benefits but lack the financial means to access FP. Broader
discussion and advocacy about access to FP could benefit
these patients.

Ethical considerations

The concept of FP inherently raises ethical issues that are
complicated by parental involvement in the consent pro-
cess for pediatric patients. A fundamental concern is that
families are asked to make a proxy decision regarding the
possibility of childbearing for a patient who may be
decades away from thinking about having a child. As
with any treatment or procedure requiring informed con-
sent, the discussion of FP procedures introduces the pos-
sibility of parents imposing their hopes or beliefs on their
child. While the parents are ultimately responsible for
providing consent for fertility-preserving interventions,
the patient should be involved in the process to the extent
of their ability in keeping with the American Academy of
Pediatrics (AAP) 1995 Committee on Bioethics statement
on Informed Consent, Parental Permission and Assent in
Pediatric Practice [48]. The wishes of a child of assenting
age should be taken into consideration over those of the
family in the case of significant differences of opinion.
The Ethics Committee Statement from the American So-
ciety for Reproductive Medicine clearly states that the
procedure should not be performed if the patient objects
[29].

The integrity of gonadal tissue, ova, and sperm stored for
prolonged periods of time should also be considered, as chil-
dren may not be of an age to use these tissues for many years
[42]. The recent introduction of vitrification and other preser-
vation techniques is likely to extend the survival of tissues to
decades, but the empiric demonstration of this longevity re-
mains to be demonstrated.

Conclusion and recommendations

Despite the risks of infertility, CPO remains an indicated
treatment for pediatric patients with NS and LN. Prevention
of gonadal failure should be the provider’s foremost goal with
regard to FP, with adherence to the established dosing limits

for male patients, which is also accepted in female patients
despite a lack of evidence for a definitive dosing threshold
[30].

While adherence to dosing recommendations is largely
protective against effects on fertility in the male patient,
28 % of patients in the study by Meistrich et al. did not regain
normospermic levels after completion of CPO therapy [8].
This result suggests a certain level of unpredictability with
respect to long-term effects on fertility, which obligates a
discussion of FP with all patients receiving gonadotoxic ther-
apy. Dedicated studies addressing the effects of current treat-
ment regimens of CPO on fertility are sparse and these effects
need to be addressed in order to move forward.

As the technology for preserving fertility in patients
receiving gonadotoxic therapy continues to become more
sophisticated, appropriate and timely referral to a fertility
specialist or sperm bank by the prescribing physician has
become increasingly important. Nephrologists should
consult with local oncologists or REI specialists to famil-
iarize themselves with the resources available in their
community and develop relationships with fertility spe-
cialists. For those without local resources, a number of
online sites, including that of the Livestrong Foundation,
can provide information, financial assistance, and in some
cases a mail-in sperm banking kit. The AAP recommends
that the decision about candidacy for FP should be guided
by an institutional policy that employs a multidisciplinary
approach with a protocol integrated into each patient’s
care plan [42]. The use of CPO carries with it a respon-
sibility to mitigate the toxic side effects of the drug,
making FP a critical part of excellent care.

Key concepts

1. The gonadotoxic effects of CPO are well-known.
Gonadotoxicity is dose-dependent in the male patient
and has an age-and dose-dependent effect on female
patients.

2. The recommended dosing limit in treatment for steroid-
dependent nephrotic syndrome is 168 mg/kg, while the
established limit in lupus nephritis is 7.5 g/m2, up to 10–
15 g/m2 in young female patients. Low-dose treatment
regimens for lupus nephritis have comparable clinical
outcomes to traditional regimens and should be
considered.

3. The unpredictable risk of developing permanent sterility
obligates a discussion of FP in all patients.

4. The most commonmethods of FP are sperm banking and
embryo cryopreservation.

5. Resources for more information include sperm banks,
REI specialists, local oncologists, and the Livestrong
Foundation.
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Questions (answers to be found following the References)

1. In a recent survey, 80 % of pediatric nephrologists agreed
that referral for FP was a major concern for them; how-
ever, only 53 % referred some male patients to a fertility
specialist and only 58 % referred some female patients.
Barriers to referral include:

a. Lack of local access to appropriate specialists
b. Patient is too ill to delay treatment
c. Infrequent referrals resulting in poorly developed re-

ferral network
d. Cost barriers to the family
e. All of the above

2. What is the gonadotoxic dose limit of CPO for males?

a. <2 g/m2

b. <4.5 g/m2

c. <7.5 g/m2

d. <10 g/m2

e. <15 g/m2

3. A 12-year-old male with steroid-dependent nephrotic syn-
drome returns to clinic with persistent hyperglycemia.
The decision is made to start the patient on CPO. At what
Tanner stage will he be able to reliably use the sperm
bank?

a. Tanner 1
b. Tanner 2
c. Tanner 3
d. Tanner 4
e. Tanner 5

4. A 9-year-old girl at Tanner 1 stage of pubertal develop-
ment is admitted to the hospital for urgent initiation of
CPO therapy for lupus nephritis.What FP optionmight be
available to the patient, and what is a major limitation of
this intervention?

a. Embryo cryopreservation; poor success rate when
reimplanted

b. Ovarian tissue cryopreservation; limited only to ex-
perimental protocols

c. Oocyte cryopreservation; cryopreserved tissues are
not stable over long periods of time

d. Oocyte cryopreservation; limited only to experimen-
tal protocols

e. Ovarian tissue cryopreservation; a male partner or
sperm donor is required

5. The most appropriate place to refer pediatric patients
interested in FP is:

a. Reproductive Endocrinology and Infertility (REI)
doctor

b. Pediatric oncologist specializing in fertility
preservation

c. Local sperm bank
d. The Livestrong Foundation
e. All of the above
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Answers

1. e: Each of these issues was cited in a national survey of pediatric
nephrologists as a barrier to successfully referring patients to fertility
preservation.

2. c: A dosing limit of <7.5 g/m2 was established in the oncology
literature based on results showing sperm count recovery after azoosper-
mia caused with CPO treatment.

3. c: Tanner Stage III is the pubertal stage at which males can
consistently and reliably produce a sperm sample sufficient for sperm
banking.

4. b: FP options for prepubertal patients remain limited. Ovarian tissue
cryopreservation is an experimental technique available to prepubertal
females. However, a successful pregnancy using cyropreserved ovarian
tissue from prepubescent females has not yet been reported. There have
been successful pregnancies after ovarian tissue cryopreservation and
reimplantation in postpubescent females.

5. e: Each of these resources may be helpful on a case-by-case basis to
improve access to FP options.
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