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Abstract

As medical advances improve survival, reduce disease-related morbidity, and improve quality of life, reproductive issues will take higher
priority in the sickle cell disease (SCD) community. A wide variety of topics are addressed in this chapter, including fertility, gonadal
failure, erectile dysfunction, and menstrual issues in SCD. Etiologies of impaired male fertility are multifactorial and include
hypogonadism, erectile dysfunction, sperm abnormalities, and complications of medical therapies. Much less is known about the
prevalence and etiology of infertility in women with SCD. Other reproductive issues in women included in this review are pain and the
menstrual cycle, contraception, and preconception counseling. Finally, long-term therapies for SCD and their impact on fertility are
presented. Transfusional iron overload and gonadal failure are addressed, followed by options for fertility preservation after stem cell
transplantation. Focus is placed on hydroxyurea therapy given its benefits and increasing use in SCD. The impact of this agent on

spermatogenesis, azoospermia, and the developing fetus is discussed.

Introduction

Reproductive issues in women and men with sickle cell disease (SCD) include a wide array of complications that are relatively common,;
however, data from well-designed, large clinical studies are limited. Many studies are quite old, but remain relevant because they describe
clinical complications and problems that persist in the SCD population today despite advances in medical therapy. Not unexpectedly,
some of the reproductive issues in SCD arise due to chronic medical therapies that are used increasingly to prevent or manage SCD-

related morbidity.

Fertility In Men

Infertility in men with SCD has been studied more frequently than infertility in women and appears to have multiple causes, including
hypogonadism, sperm abnormalities, and erectile dysfunction (ED) due to priapism. Although a delay in sexual maturation of 1.5-2 years,
on average, occurs in adolescents and young adults with SCD,!2 most go on to have normal sexual maturation. However, up to 24% of
men with SCD may develop hypogonadism, a clinical syndrome associated with poor testosterone production, infertility, ED, and poor
libido.3 Clinical characteristics include sparse facial, pubic, and axillary hair and small testicular size. Clinical laboratory findings are low

testosterone levels with variable follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels.*

Possible underlying pathophysiologic mechanisms of hypogonadism include disruptions in the hypothalamic-pituitary-gonadal axis
leading to primary testicular failure. However, studies are inconsistent as to whether primary testicular failure3:¢ or secondary
hypothalamic-pituitary dysfunction347-9 js the cause. A recent report found low serum testosterone levels in 8 of 34 men with SCD and
all 8 had low FSH and LH levels, suggesting a central mechanism.3 Multiple theories as to why these abnormalities develop in males with
SCD include zinc deficiency!? and vasoocclusion of testicular blood vessels,® but the precise cause is unknown. The theory regarding

vasoocclusion of testicular vessels is interesting given reports of recurrent testicular infarction in individuals with SCD."!

This research was originally published in Blood. Smith-Whitley K. Reproductive issues in sickle cell disease.
Blood. 2014; 124(24): 3538-43. © 2014 by The American Society of Hematology.


http://googleads.g.doubleclick.net/aclk?sa=L&ai=BPNKP4KjGVJT_FMP0-QOMtoG4A7K0yNMGAAAAEAEg7vLuAjgAWNK25aLDAWDJtvKH7KPkF7IBFHd3dy5ibG9vZGpvdXJuYWwub3JnugEJZ2ZwX2ltYWdlyAEC2gE6aHR0cDovL3d3dy5ibG9vZGpvdXJuYWwub3JnL2NvbnRlbnQvMTI0LzI0LzM1MzguZnVsbC5wcmludMACAuACAOoCHy8xMDE3NjY2L0Jsb29kX0Z1bGxfU2l0ZV9IZWFkZXL4Av7RHpADrAKYA6QDqAMByAOZBNAEkE7gBAGgBhQ&num=0&sig=AOD64_1QDRG7sknIMX1mS8XxNFjJYo24sQ&client=ca-pub-5204226570749937&adurl=http://www.ashclinicalnews.org
http://www.bloodjournal.org/
http://www.bloodjournal.org/search
https://www.facebook.com/AmericanSocietyofHematology
https://twitter.com/ASH_hematology
http://www.linkedin.com/company/american-society-of-hematology
http://www.bloodjournal.org/content/124/24/3538.full.print?#aff-1
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-1
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-2
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-3
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-4
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-5
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-6
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-3
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-4
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-7
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-8
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-9
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-3
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-10
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-6
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-11
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-12
http://www.bloodjournal.org/content/124/24/3538.full.print?#ref-13
http://www.bloodjournal.org/
http://www.bloodjournal.org/content/124/24
http://www.bloodjournal.org/content/current
http://www.bloodjournal.org/content/early/recent
http://www.bloodjournal.org/topics
http://www.bloodjournal.org/collection
http://www.bloodjournal.org/content/by/year
http://www.bloodjournal.org/page/ash-annual-meeting-abstracts
http://bloodjournal.org/front
http://www.bloodjournal.org/page/about-blood
http://www.bloodjournal.org/page/authors
http://submit.bloodjournal.org/
http://www.bloodjournal.org/page/subscriptions
http://bloodjournal.hematologylibrary.org/sites/default/files/misc/BloodClassifieds.pdf
http://www.hematology.org/
http://www.bloodjournal.org/page/blood-app
http://www.bloodjournal.org/folders
http://www.bloodjournal.org/alerts
http://www.bloodjournal.org/rss
http://www.bloodjournal.org/user/login
http://www.bloodjournal.org/content/124/24/3538.full.print?#main-content

Therapies to alleviate the symptoms of hypogonadism have been limited. Testosterone undecanoate injections'? and clomiphene!3 have
been used with variable results. Many men treated with testosterone reported improved libido and decreased ED; however, normal
testosterone levels were not attained or sustained in many men during 12 months of treatment.'2 Although azoospermia has occurred
after testosterone injections, this therapy has been well tolerated without increased episodes of priapism. However, other safety end

points such as cardiovascular complications and the development of prostate cancer have not been fully investigated.
Sperm abnormalities

Sperm abnormalities are frequent in males with SCD, with rates as high as 91%.'% Low sperm density, low sperm counts, poor motility,
and increased abnormal morphology occur more frequently in males with SCD than in controls.!>:1® Although some reports suggest that
delayed puberty in males contributes to sperm abnormalities in those <25 years of age, these abnormalities improve in older men as
testosterone levels increase.? These abnormalities may be due to testicular infarction or hypogonadism, although sperm abnormalities are
reported even when testosterone, FSH, and LH are normal.!7 Sperm abnormalities are not always related to impaired fertility in men with
SCD.5 Although subjects with sperm abnormalities report fathering children,> more sophisticated, prospective studies are needed to

determine the clinical importance of abnormal sperm analysis and its impact on male fertility in SCD.
ED

ED occurs frequently in men with SCD, with prevalence rates as high as 21%-35% reported.'8%-20 The etiology of ED is unclear, but is
largely the result of prolonged or recurrent priapism. Management of ED due to priapism depends on the extent of penile tissue fibrosis.
Penile implants have been used successfully, but multiple complications can occur.2':22 A general clinical philosophy is that prevention is
better than treatment because of the relatively poor outcomes of surgical interventions for severe ED due to priapism. Therapeutic

strategies to limit the duration of priapism events and to prevent priapism recurrences should be used aggressively.

Fertility In Women

Little is known about fertility in women with SCD because few studies have addressed this topic prospectively using standard clinical end
points, control groups, or appropriate normative data.23Y-25 Early studies used the number of pregnancies reported during reproductive
years as a surrogate for fertility.23:25 When pregnancy rates of patients with SCD and healthy controls have been compared, the lower
number of pregnancies in women with SCD has been used to infer that fertility is reduced in women with SCD.23 Presently, we understand
that many factors other than infertility may have influenced the number of pregnancies per patient. This is supported by studies finding
similar conception rates in women with SCD and healthy controls.26 Currently, there is no consensus on whether women with SCD are at

increased risk for infertility.25
Menarche onset and menstrual patterns in SCD

Although menses onset is delayed in females with SCD,"-2 menstrual bleeding patterns are normal.23 An unfortunate feature of menstrual
bleeding in women with SCD is its association with an increased SCD-related pain rate.23:27%-29 |n a subpopulation of women, increased
SCD-related pain occurs at different stages of the menstrual cycle and this pattern may be related to fluctuations in the levels of estrogen
and progesterone.?? This has led to a theory that regulation of these fluctuations with hormonal therapy may decrease the pain
associated with menses. Progesterone used as daily oral or depot preparations decreases SCD-related painful events in a subset of

women.30
Sexuality and reproductive choices in women with SCD

Information on sexuality in women with SCD is limited.31%-33 Given the well-described data on delayed puberty and adverse outcomes
associated with pregnancy, how this knowledge may influence sexuality and reproductive decision making is relevant but unexplored.
However, attitudes regarding contraception and unplanned pregnancy suggest that women with SCD are interested in avoiding pregnancy

and use contraception, although at lower rates than the general population.26
Unplanned pregnancy and SCD

Unplanned pregnancy remains high globally and contraceptive use varies widely by country, age, and race/ethnicity.34 In women with
SCD, unplanned pregnancy rates have been high historically and remain high.33¢¢%%-40 A recent study in the United Kingdom compared
unintended pregnancy rates and contraception choice in 2 historical cohorts: 156 women in 1993 and 102 women in 2010.40 Although
unintended pregnancy decreased from 64% in 1993 to 53% in 2010, this rate remains high. These high rates may be due to many factors,
including barriers to contraception access, failure of contraception practices, and patient preferences. Barriers to access may be at the
physician level because physicians may be underprescribing hormonal contraceptives. Studies reporting physicians' prescribing patterns

for contraception and patient preferences for contraception in women with SCD are needed.

Contraception choices for women with SCD
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Combined hormonal contraceptive agents.

Combined hormonal contraceptive use in patients with SCD has been fraught with concerns regarding thrombotic complications and
increased pain. Theoretical concerns are related to the underlying pathophysiology of SCD and its “prothrombotic” state. Abnormal RBC
rheology, hyperviscosity, endothelial dysfunction, and adhesion; increased platelet activation; venous sludging; and abnormal coagulation
may be associated with increased thrombotic complications in patients with SCD. These factors may lead to increased venous stasis,
clotting, and pain in women with SCD receiving estrogen.4! Regardless of these safety concerns, few studies have addressed this issue.
Although the studies are small, ~150 individual patients may have received combined hormonal contraceptives. Thrombotic events have
been reported to occur in a small number of patients.36:40.:42¢-44 However, a slightly larger number of patients have reported increased

pain events.
Progesterone-only contraceptive agents.

Progestin-only contraceptives should be a good choice in women with SCD due to a lower rate of thrombotic complications in the general
population and early studies suggesting that progesterone may be associated with lower rates of acute painful events.30 Published reports
on progesterone-only compound use in women with SCD are small and complicated by the multitude of agents used, such as progestin-
only pills, injectables, and implants. One of the biggest barriers to progesterone-only medication is its side effect profile, particularly
unpredictable vaginal bleeding. These progesterone-only compounds have changed over the years to narrow the side effects, and this

limits the ability to compare data between studies.

As mentioned in earlier sections, progesterone was reported to decrease the frequency of acute pain in women with SCD as early as
1972.40 After preliminary studies of progesterone and testosterone demonstrated decreased sickling, investigators performed a crossover
study in 28 women treated with progesterone and 16 men treated with testosterone. Although results were preliminary, they reported an
80% reduction in pain in the treated group. De Ceulaer et al published their crossover study of 23 women with the SS type of SCD 21-41
years of age who received placebo either before or after depot medroxyprogesterone acetate (DMPA).#5 Acute pain episodes decreased in
women during the DMPA phase. In addition, hemoglobin, fetal hemoglobin, and RBC survival increased, whereas reticulocytes, bilirubin
levels, and irreversibly sickled RBCs decreased. This led to the conclusion that improved RBC survival may be due to the increased survival
of RBCs containing higher concentrations of fetal hemoglobin. Finally, de Abood et al reported 43 women with SCD who had pain in the
last year and were nonrandomly assigned to progesterone, combined hormonal contraceptives, or surgical sterilization.** All groups had

decreased pain at 1 year and the largest proportion of women who became pain free was in the progesterone-only group.

Use of implantable progesterone-only containing compounds has been reported in small prospective studies in women with SCD.46:47
Although these studies report a decrease in pain without adverse events, details on the adverse events are insufficient. However,
increased or abnormal uterine bleeding, a frequent complaint in women using progesterone-only compounds, does occur. It may be that

some of the newer preparations will have less of this side effect and may allow greater adherence to long-term use.
Guidelines on contraception use in SCD.

In 2004, the World Health Organization released recommendations on the use of contraceptives in women with SCD, and, in 2006, the
American College of Obstetricians and Gynecologists adopted similar recommendations.*8 They stated that the benefit of combined
injectable contraceptives, low-dose combined hormonal contraceptives, and IUDs outweighed the risks associated with the increased
morbidity and mortality associated with pregnancy. Currently, the US Medical Eligibility Criteria for Contraceptive Use 2010 continues to
support these recommendations.#® Combined hormonal contraceptives are classified as level 2, meaning that “the advantages of using
the method generally outweigh the theoretical or proven risks.” Progesterone-only containing pills are classified as level 1, meaning that
these agents can be used without restrictions. However, it is concerning that these recommendations are based primarily on the increased
risks associated with pregnancy in this patient population rather than on reliable, accurate safety information specific to hormonal

contraception and SCD.

Long-Term Therapies For SCD And Reproductive Issues

Long-term therapies such as chronic transfusion, hydroxyurea (HU), and hematopoietic stem cell transplantation (HSCT) have reduced
SCD-related morbidity. However, as utilization of these therapies increases, more attention is drawn to their associated adverse effects
and toxicities. Issues have been raised regarding HU use, abnormal sperm production, and teratogenic effects. In addition, fertility
preservation after HSCT and the endocrine abnormalities associated with transfusional iron overload remain concerns. Because women
with SCD are at risk for pregnancy-related complications as well as the potential teratogenic effects of HU, contraception counseling is
paramount to decreasing unplanned pregnancies. Hormonal contraceptive use is controversial in SCD primarily due to the theoretical
increased risk for venous thromboembolism and risk for acute pain events. When counseling pediatric and adult patients with SCD who

are considering these long-term therapies, hematologists should be prepared to address these issues.
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HSCT and fertility preservation

The risk of impaired fertility after HSCT depends on many factors, including exposure to pelvic radiation, gonadotoxic chemotherapeutic
agents, and stage of pubertal development at the time of transplantation. HSCT remains the sole cure for SCD, with event-free survival
rates averaging 85%-90% for allogeneic transplantations.>9*-32 Graft rejection, GVHD, and transplantation-related mortality remain
primary concerns, but other transplantation-related outcomes such as endocrine dysfunction and impaired fertility are important issues as
well. If the toxicity of conditioning regimens could be decreased while maintaining low rates of graft rejection, HSCT may be considered
more often in patients with SCD before severe acute complications and major end-organ damage occur. Myeloablative conditioning
regimens before HSCT for SCD cause infertility, particularly in females.33 In one study, 8 of 14 adolescent females had evidence of
primary ovarian failure after HSCT, although 2 women had successful pregnancies, 1 after preimplantation genetic diagnostic testing.>3
Other reports of successful pregnancies after gonadal failure after HSCT have involved ovarian tissue transplantations from siblings.>4
Nonmyeloablative HSCT has been successful in adults with SCD using HLA-matched sibling donors.53**-58 Even when gonadal failure
develops after these less toxic conditioning regimens, fertility may be improved after hormonal therapy.52 Many speculate that these
types of conditioning regimens may limit toxicity and preserve fertility.51:59 However, due the unpredictable risk of infertility, patients

may opt for procedures to preserve fertility before HSCT regardless of conditioning regimens.

There is growing consensus that individuals at risk for gonadal failure after exposure to gonadotoxic drugs should be offered fertility
preservation. Although experience is limited, patients with SCD have success with procedures and therapies that preserve fertility.60¢-62
Cryopreservation options have expanded and depend on stage of pubertal development. Cryopreservation of sperm in pubertal males is
standard and improvement of sperm banking techniques and increased use of intracytoplasmic sperm injection may increase successful
outcomes.®3 Cryopreservation of testicular tissue, considered experimental, is an option in prepubertal boys, but is waiting for the

development of technology and procedures for restoring human fertility.63

Preservation of embryos, mature oocytes, and ovarian tissue is an option for females before HSCT.64!-66 Cryopreservation of mature
oocytes has advanced to the point that this procedure is no longer considered experimental.65 The procedure requires that the women
undergo treatment with hormonal therapy to stimulate increased production of mature oocytes. It should be noted, however, that women
with SCD are at risk for thromboses®7 and increased acute pain while being exposed to increased estrogen levels during ovarian
stimulation. Successful oocyte preservation after controlled ovarian stimulation in a 19-year-old woman with SCD has been described
using a protocol to avoid hyperstimulation and incorporating anticoagulation for thrombosis prevention.®? Although oocyte collection was
successful, the patient required hospitalization for pain management postoperatively. In addition, successful pregnancies in women with
SCD after ovarian tissue preservation have been reported.61:62 For girls who are <18 years of age, particularly those <12 years, ovarian

tissue preservation is an option, although outcomes in SCD are not clear.®8
Transfusional iron overload and infertility

Patterns of transfusional iron overload in patients with SCD seem to be different from those in patients with thalassemia.®°
Endocrinopathy from transfusional iron overload is manifested as hypothyroidism, diabetes mellitus, growth failure, and gonadal
dysfunction, and all appear to be more common in thalassemia than in SCD.?° Transfusional iron overload, if untreated, may lead to
infertility caused by hypothalamic-pituitary dysfunction and altered circulating levels of FSH and LH. Gonadal failure in patients with SCD
on chelation therapy occurs at similar rates in those with SCD without iron overload.”® Menarche onset appears to be appears to be less
delayed in patients with SCD receiving chronic transfusion therapy compared with patients with thalassemia major. Generally, focus is
placed on chelation therapy to reduce organ damage. In women with thalassemia major, biomarkers have been used to assess

reproductive capacity, but similar studies have not been performed in women with SCD.”!
HU therapy and abnormal spermatogenesis

HU therapy has been shown to decrease episodes of acute pain and acute chest syndrome without major toxicity in children and adults
with SCD.72%-74 However, given HU's impact on rapidly dividing cells, concerns around toxicity remain. Young children who receive HU
appear to have normal growth,”5 but information on pubertal development is less clear. However, 2 reproductive issues loom with the use
of HU in both the pediatric and adult populations: abnormal spermatogenesis and teratogenic effects. Published literature on these topics
is limited. Much information is in case reports and case series, with few prospective studies or case-control studies. This makes evidence-

based counseling on the risk of developing sperm abnormalities or infertility on HU challenging.

There is a theoretical risk of HU affecting sperm development given that it is an antimetabolite.”® HU is a ribonucleotide reductase
inhibitor primarily acting as an S-phase-specific cytotoxic agent that impairs DNA synthesis. These effects are relatively short lived once
the drug is removed. Therefore once-daily administration of HU has brief, intermittent cytotoxic effects on dividing cells.”® Early studies
on HU use in patients with SCD showed that this chemotherapeutic agent was well tolerated with a low toxicity profile.”2%-74.76 Side
effects investigated in clinical studies have primarily included BM suppression, alopecia, and skin changes. However, data are limited on

human fetal development with in utero exposure to HU or neonatal development when exposed to HU through breast milk. No
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epidemiologic or prospective studies have investigated HU's impact on human spermatogenesis or fertility. However, systematic reviews

of human and animal data have been published.76"-78

Animal studies have been used to study the impact of progressively increasing doses of HU on testicular growth and spermatogenesis.”?
Doses of HU in mice at 50 mg/kg orally or 100 mg/kg intraperitoneally correlate with 25 mg/kg oral doses in humans.”® These doses of
HU in mice increase testicular germ cell apoptosis, induce testicular atrophy, decrease sperm count, decrease sperm motility, and increase
abnormal sperm morphology. A study using sickle-cell-transgenic mice demonstrated that these mice have hypogonadism at baseline.8?
After treatment with HU at 25 mg/kg/d, these mice exhibited decreased testicular size and increased sperm abnormalities compared with

controls.

Sperm abnormalities such as oligozoospermia, azoospermia, decreased motility, and increased morphologic abnormalities occur in males
with SCD receiving HU.14.81¢¢-84 Whether these abnormalities are directly related to HU is unclear. Some investigators suggest that the
length of HU therapy may correlate with the degree of sperm abnormalities.82:83 |n one study, of the patients who started HU in
childhood, those who had received HU for 12 years or more had azoospermia.83 However, most of these studies provide limited data
because they involved small, retrospective populations. There are inconsistencies in the age at initiation of HU therapy, length of HU
therapy, and timing of follow-up studies once HU is discontinued. Only one small study compared serial sperm counts and morphology
before, during, and after HU treatment. Although none of the 5 patients developed azoospermia, all had decreased sperm counts after
starting HU. However, it was difficult to determine whether fertility was impaired in this cohort. Data are inconsistent as to whether this

reduction in sperm counts is partially or fully reversible.81:82 |n addition, the timing of recovery after discontinuation of HU is unclear.

Given that sperm abnormalities exist at baseline in the SCD population and the unclear impact of HU on male fertility, clinicians have little
information regarding potential azoospermia or oligospermia when counseling patients or families of young children starting HU. The
multitude of clinical studies demonstrating decreased morbidity in children and adults with SCD receiving HU is impressive. Its impact on
reducing acute complications and improving survival suggests that HU may have a positive effect at limiting SCD-related organ
dysfunction long term. Furthermore, some clinicians suggest that HU's positive impact on vasoocclusive events may limit testicular

infarction and improve spermatogenesis.

Nevertheless, more information is needed on the impact of HU on male fertility and sperm production. Counseling patients before HU
initiation is challenging given this lack of information. Consensus reports on HU use in SCD suggest that sperm banking76:85 or
cryopreservation of testicular tissue'4 be offered before starting HU. Close monitoring for sperm abnormalities during HU therapy with
serial sperm analyses every 6-12 months has been suggested.”’® However, little guidance is given as to how this information should alter

clinical management with respect to temporarily halting or permanently discontinuing HU.
Teratogenic effects of HU therapy

HU is not recommended for use during pregnancy, primarily because of animal data suggesting potential teratogenic effects on the
fetus.”6:85 |n animal studies, HU exposure in utero leads to abnormalities in the CNS, vertebral bodies, craniofacial tissue, skull, and limbs
of mammals.”6 However, there are limited reports of adverse outcomes in humans after exposure to HU in utero, including early fetal loss
and limb anomalies, but these case reports are difficult to interpret.”® There are multiple reports of normal births after in utero exposure
to HU, primarily in women taking HU for leukemia.”®:8% |n addition, no teratogenic effects have been reported when women with SCD

became pregnant while taking HU.87:88

The National Toxicology Program (NTP) Center for the Evaluation of Risk to Human Reproduction (CERHR) published an expert panel
report on the evaluation of HU's potential to cause an adverse impact on human development and reproduction.”’® The NTP expressed
concern that exposure of pregnant women to HU may cause abnormal fetal growth and development. In addition, they expressed
concerns regarding HU use while breastfeeding. The investigators acknowledged that most of the data used to support their reservations
came from animal studies because few studies on HU levels in human breast milk and HU teratogenic effects in humans exist.”® This has
been the basis for the current recommendations that sexually active couples use contraception if one person is receiving HU and that

those women who are trying to conceive or wish to conceive stop taking HU.76:85

Conclusion

Increased attention to reproductive issues in SCD has implications for clinical practice and future research. This review raises multiple
unanswered questions regarding fertility in men and women with SCD and the contributions of HU therapy, HSCT, and severe iron
overload. Longitudinal, prospective studies in prepubertal and postpubertal males and females using various end points to detect cellular
and functional impairment in fertility should be conducted. These studies should investigate potential biomarkers of fertility so that
noninvasive routine monitoring is facilitated. Research studies to better understand the relationship among hypogonadism, sperm

abnormalities, ED, and male fertility are necessary to better inform management, treatment, and monitoring across the lifespan and
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during HU therapy. More information on patterns of contraception choices and contraception use, contraception complications, and
unplanned pregnancy in women with SCD is needed to better inform preconception counseling. Guidelines for fertility preservation in
children and adults with SCD are required, particularly as the use of long-term therapies increases. Finally, research on the human
teratogenic effects of HU is essential before its use is permanently abandoned throughout pregnancy and in breast-feeding women.

Limiting the use of a potentially beneficial therapy for long periods may not be necessary.

Authorship

Contribution: K.S.-W. is solely responsible for the conception and execution of the manuscript.

Conflict-of-interest disclosure: The author is on the board of directors or an advisory committee for Grifols and Pfizer. Off-label drug use:

HU use in children is discussed briefly.

Correspondence: Kim Smith-Whitley, Division of Hematology, The Children's Hospital of Philadelphia, 11th Floor Colket Building, 34th St
and Civic Center Blvd, Philadelphia, PA 19104; e-mail: whitleyk@email.chop.edu.

Acknowledgments

The author thanks the board of the Foundation for Women and Girls with Blood Disorders for their vested interest in this topic and for

review of oral presentation materials that further developed the concepts addressed in this review.

Footnotes

e This article was selected by the Blood and Hematology 2014 American Society of Hematology Education Program editors for
concurrent submission to Blood and Hematology 2014. It is reprinted in Hematology Am Soc Hematol Educ Program.
2014;2014:418-424.

e Submitted July 28, 2014.
e Accepted September 29, 2014.

© 2014 by The American Society of Hematology. All rights reserved.

References

1. Luban NL, Leikin SL, August GA. Growth and development in sickle cell anemia: preliminary report. Am J Pediatr Hematol Oncol 1982;4(1):61-65.

2. Zemel BS, Kawchak DA, Ohene-Frempong K, Schall JI, Stallings VA. Effects of delayed pubertal development, nutritional status, and disease severity on
longitudinal patterns of growth failure in children with sickle cell disease. Pediatr Res 2007;61(5 Pt 1):607-613.

3. Taddesse A, Woldie IL, Khana P, et al. Hypogonadism in patients with sickle cell disease: central or peripheral? Acta Haematol 2012;128(2):65-68.

4. Dada OA, Nduka EU. Endocrine function and haemoglobinopathies: relation between the sickle cell gene and circulating plasma levels of testosterone,
luteinising hormone (LH) and follicle stimulating hormone (FSH) in adult males. Clin Chim Acta 1980;105(2):269-273.

5. Osegbe DN, Akinyanju OO. Testicular dysfunction in men with sickle cell disease. Postgrad Med J 1987;63(736):95-98.

6. Parshad O, Stevens MC, Preece MA, Thomas PW, Serjeant GR. The mechanism of low testosterone levels in homozygous sickle-cell disease. West Indian
Med ] 1994;43(1):12-14.

7. Abbasi AA, Prasad AS, Ortega J, Congco E, Oberleas D. Gonadal function abnormalities in sickle cell anemia: studies in adult male patients. Ann Intern
Med 1976;85(5):601-605.

8. el-Hazmi MA, Bahakim HM, al-Fawaz I. Endocrine functions in sickle cell anaemia patients. J Trop Pediatr 1992;38(6):307-313.
9. Modebe O, Ezeh UO. Effect of age on testicular function in adult males with sickle cell anemia. Fertil Steril 1995;63(4):907-912.
10. Prasad AS. Zinc deficiency in human subjects. Prog Clin Biol Res 1981;77:165-177.

11. Li M, Fogarty J, Whitney KD, Stone P. Repeated testicular infarction in a patient with sickle cell disease: a possible mechanism for testicular failure.
Urology 2003;62(3):551.


mailto:whitleyk@email.chop.edu

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Morrison BF, Reid M, Madden W, Burnett AL. Testosterone replacement therapy does not promote priapism in hypogonadal men with sickle cell disease:

12-month safety report. Andrology 2013;1(4):576-582.

. Landefeld CS, Schambelan M, Kaplan SL, Embury SH. Clomiphene-responsive hypogonadism in sickle cell anemia. Ann Intern Med 1983;99(4):480-483.

. Berthaut I, Guignedoux G, Kirsch-Noir F, et al. Influence of sickle cell disease and treatment with hydroxyurea on sperm parameters and fertility of

human males. Haematologica 2008;93(7):988-993.

. Nahoum CR, Fontes EA, Freire FR. Semen analysis in sickle cell disease. Andrologia 1980;12(6):542-545.

. Osegbe DN, Akinyanju O, Amaku EO. Fertility in males with sickle cell disease. Lancet 1981;ii(8241):275-276.

. Friedman G, Freeman R, Bookchin R, Boyar R, Murthy G, Hellman L. Testicular function in sickle cell disease. Fertil Steril 1974;25(12):1018-1021.

. Adeyoju AB, Olujohungbe AB, Morris J, et al. Priapism in sickle-cell disease; incidence, risk factors and complications-an international multicentre

study. BJU Int 2002;90(9):898-902.

. Emond AM, Holman R, Hayes R}, Serjeant GR. Priapism and impotence in homozygous sickle cell disease. Arch Intern Med 1980;140(11):1434-1437.

Madu AJ, Ubesie A, Ocheni S, et al. Priapism in homozygous sickle cell patients: important clinical and laboratory associations. Med Princ Pract
2014;23(3):259-263.

Bertram RA, Carson CC lll, Webster GD. Implantation of penile prostheses in patients impotent after priapism. Urology 1985;26(4):325-327.

Douglas L, Fletcher H, Serjeant GR. Penile prostheses in the management of impotence in sickle cell disease. Br J Urol 1990;65(5):533-535.

Jimenez CT, Scott RB, Henry WL, Sampson CC, Ferguson AD. Studies in sickle cell anemia XXVI. The effect of homozygous sickle cell disease in the onset

of menarche, pregnancy, fertility, pubescent changes and body growth in Negro subjects. Am J Dis Child 1966;111(5):497-503.

Alleyne SI, Rauseo RD, Serjeant GR. Sexual development and fertility of Jamaican female patients with homozygous sickle cell disease. Arch Intern Med
1981;141(10):1295-1297.

Dunne GD, Joseph RR. Fertility in hemoglobin S-S and hemoglobin S-C disease. Fertil Steril 1970;21(8):630-634.

Samuels-Reid JH, Scott RB, Brown WE. Contraceptive practices and reproductive patterns in sickle cell disease. J Natl Med Assoc 1984;76(9):879-883.

Samuels-Reid J, Scott RB. Painful crises and menstruation in sickle cell disease. South Med J 1985;78(4):384-385.

Westerman MP, Bailey K, Freels S, Schlegel R, Williamson P. Assessment of painful episode frequency in sickle-cell disease. Am J Hematol
1997;54(3):183-188.

Yoong WC, Tuck SM. Menstrual pattern in women with sickle cell anaemia and its association with sickling crises. J Obstet Gynaecol 2002;22(4):399-
401.

Isaacs WA, Effiong CE, Ayeni O. Steroid treatment in the prevention of painful episodes in sickle-cell disease. Lancet 1972;i(7750):570-571.

Chavis WM, Norman GS. Sexuality and sickle cell disease. J Natl Med Assoc 1993;85(2):113-116.

Cobo VDA, Chapadeiro CA, Ribeiro JB, Moraes-Souza H, Martins PR. Sexuality and sickle cell anemia. Rev Bras Hematol Hemoter 2013;35(2):89-93.

Smith M, Aguirre RT. Reproductive attitudes and behaviors in people with sickle cell disease or sickle cell trait: a qualitative interpretive emeta-
synthesis. Soc Work Health Care 2012;51(9):757-779.

Pickle S, Wu J, Burbank-Schmitt E. Prevention of unintended pregnancy: a focus on long-acting reversible contraception. Prim Care 2014;41(2):239-
260.

Samuels-Reid JH, Scott RB, Brown WE. Contraceptive practices and reproductive patterns in sickle cell disease. J Natl Med Assoc 1984;76(9):879-883.

Howard R}, Lillis C, Tuck SM. Contraceptives, counselling, and pregnancy in women with sickle cell disease. BMJ 1993;306(6894):1735-1737.

Knight-Madden J, Barton-Gooden A. Contraceptive usage among Jamaican women with sickle cell disease. Contraception 2009;80(5):474-478.



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Okunlola MA, Olutayo AA, Okonkwo NS, Akingbola TS. Pattern of contraceptive use among women with sickle cell disease in Ibadan, South-west
Nigeria. J Obstet Gynaecol 2010;30(2):171-174.

O'Brien SH, Klima J, Reed S, Chisolm D, Schwarz EB, Kelleher KJ. Hormonal contraception use and pregnancy in adolescents with sickle cell disease:
analysis of Michigan Medicaid claims. Contraception 2011;83(2):134-137.

Eissa AA, Tuck SM, Rantell K, Stott D. Trends in family planning and counselling for women with sickle cell disease in the UK over two decades
[published online ahead of print May 23, 2014]. J Fam Plann Reprod Health Care. doi:10.1136/jfprhc-2013-100763.

Freie HM. Sickle cell diseases and hormonal contraception. Acta Obstet Gynecol Scand 1983;62(3):211-217.

Lutcher CL, Harris P, Henderson PA, Milner PF. A lack of morbidity from oral contraception in women with sickle cell anemia [abstract]. Clin Res
1981;29:863A.

Lutcher CL, Milner PF. Contraceptive-induced vascular occlusive events in sickle cell disorders-fact or fiction? [abstract]. Clin Res 1986;34:217A.

de Abood M, de Castillo Z, Guerrero F, Espino M, Austin KL. Effect of Depo-Provera or Microgynon on the painful crises of sickle cell anemia patients.
Contraception 1997;56(5):313.

De Ceulaer K, Gruber C, Hayes R, Serjeant GR. Medroxyprogesterone acetate and homozygous sickle-cell disease. Lancet 1982;ii(8292):229-231.

Barbosa IC, Ladipo OA, Nascimento ML, et al. Carbohydrate metabolism in sickle cell patients using a subdermal implant containing nomegestrol

acetate (Uniplant). Contraception 2001;63(5):263-265.

Nascimento MDLP, Ladipo OA, Coutinho EM. Nomegestrol acetate contraceptive implant use by women with sickle cell disease. Clin Pharmacol Ther
1998;64(4):433-438.

ACOG Committee on Practice Bulletins-Gynecology. ACOG practice bulletin. No. 73: Use of hormonal contraception in women with coexisting medical
conditions. Obstet Gynecol 2006;107(6):1453-1472.

Centers for Disease Control and Prevention. U.S. Medical Eligibility Criteria for Contraceptive Use, 2010. MMWR Recomm Rep 2010;59(RR-4):1-86.

Michlitsch JG, Walters MC. Recent advances in bone marrow transplantation in hemoglobinopathies. Curr Mol Med 2008;8(7):675-689.

Bhatia M, Walters MC. Hematopoietic cell transplantation for thalassemia and sickle cell disease: past, present and future. Bone Marrow Transplant
2008;41(2):109-117.

Lucarelli G, Isgro A, Sodani P, et al. Hematopoietic SCT for the Black African and non-Black African variants of sickle cell anemia [published online
ahead of print July 28, 2014]. Bone Marrow Transplant. doi:10.1038/bmt.2014.167.

Walters MC, Hardy K, Edwards S, et al. Pulmonary, gonadal, and central nervous system status after bone marrow transplantation for sickle cell
disease. Biol Blood Marrow Transplant 2010;16(2):263-272.

Donnez J, Squifflet J, Pirard C, et al. Live birth after allografting of ovarian cortex between genetically non-identical sisters. Hum Reprod
2011;26(6):1384-1388.

Hsieh MM, Kang EM, Fitzhugh CD, et al. Allogeneic hematopoietic stem-cell transplantation for sickle cell disease. N Engl J Med 2009;361(24):2309-
2317.

Hsieh MM, Fitzhugh CD, Weitzel RP, et al. Nonmyeloablative HLA-matched sibling allogeneic hematopoietic stem cell transplantation for severe sickle
cell phenotype. JAMA 2014;312(1):48-56.

Krishnamurti L, Kharbanda S, Biernacki MA, et al. Stable long-term donor engraftment following reduced-intensity hematopoietic cell transplantation
for sickle cell disease. Biol Blood Marrow Transplant 2008;14(11):1270-1278.

Smiers FJ, Krishnamurti L, Lucarelli G. Hematopoietic stem cell transplantation for hemoglobinopathies: current practice and emerging trends. Pediatr
Clin North Am 2010;57(1):181-205.

Gharwan H, Neary NM, Link M, et al. Successful fertility restoration after allogeneic hematopoietic stem cell transplantation. Endocr Pract
2014;20(9):e157-e161.


http://www.bloodjournal.org/lookup/doi/10.1136/jfprhc-2013-100763
http://www.bloodjournal.org/lookup/doi/10.1038/bmt.2014.167

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Dovey S, Krishnamurti L, Sanfilippo J, et al. Oocyte cryopreservation in a patient with sickle cell disease prior to hematopoietic stem cell

transplantation: first report. J Assist Reprod Genet 2012;29(3):265-269.

Roux C, Amiot C, Agnani G, Aubard Y, Rohrlich PS, Piver P. Live birth after ovarian tissue autograft in a patient with sickle cell disease treated by
allogeneic bone marrow transplantation. Fertil Steril 2010;93(7):2413.e15-2413.e19.

Donnez J, Silber S, Andersen CY, et al. Children born after autotransplantation of cryopreserved ovarian tissue. a review of 13 live births. Ann Med
2011;43(6):437-450.

Ginsberg JP, Li Y, Carlson CA, et al. Testicular tissue cryopreservation in prepubertal male children: an analysis of parental decision-making. Pediatr
Blood Cancer 2014;61(9):1673-1678.

Jadoul P, Dolmans MM, Donnez J. Fertility preservation in girls during childhood: is it feasible, efficient and safe and to whom should it be proposed?
Hum Reprod Update 2010;16(6):617-630.

Practice Committees of American Society for Reproductive Medicine; Society for Assisted Reproductive Technology. Mature oocyte cryopreservation:
a guideline. Fertil Steril 2013;99(1):37-43.

Practice Committee of American Society for Reproductive Medicine. Ovarian tissue cryopreservation: a committee opinion. Fertil Steril
2014;101(5):1237-1243.

Somigliana E, Peccatori FA, Filippi F, Martinelli F, Raspagliesi F, Martinelli I. Risk of thrombosis in women with malignancies undergoing ovarian

stimulation for fertility preservation [published online ahead of print July 10, 2014]. Hum Reprod Update. doi:10.1093/humupd/dmu035.

Quinn GP, Stearsman DK, Campo-Engelstein L, Murphy D. Preserving the right to future children: an ethical case analysis. Am J Bioeth 2012;12(6):38-
43.

Fung EB, Harmatz P, Milet M, et al. Morbidity and mortality in chronically transfused subjects with thalassemia and sickle cell disease: a report from the
multi-center study of iron overload. Am J Hematol 2007;82(4):255-265.

Fung EB, Harmatz PR, Lee PD, et al. Increased prevalence of iron-overload associated endocrinopathy in thalassaemia versus sickle-cell disease. Br J
Haematol 2006;135(4):574-582.

Singer ST, Vichinsky EP, Gildengorin G, van Disseldorp J, Rosen M, Cedars MI. Reproductive capacity in iron overloaded women with thalassemia major.
Blood 2011;118(10):2878-2881.

Charache S, Terrin ML, Moore RD, et al. Effect of hydroxyurea on the frequency of painful crises in sickle cell anemia. Investigators of the Multicenter
Study of Hydroxyurea in Sickle Cell Anemia. N Engl J Med 1995;332(20):1317-1322.

de Montalembert M, Belloy M, Bernaudin F, et al. Three-year follow-up of hydroxyurea treatment in severely ill children with sickle cell disease. The
French Study Group on Sickle Cell Disease. J Pediatr Hematol Oncol 1997;19(4):313-318.

Wang WC, Ware RE, Miller ST, et al. Hydroxycarbamide in very young children with sickle-cell anaemia: a multicentre, randomised, controlled trial (BABY
HUG). Lancet 2011;377(9778):1663-1672.

Wang WC, Helms RW, Lynn HS, et al. Effect of hydroxyurea on growth in children with sickle cell anemia: results of the HUG-KIDS Study. J Pediatr
2002;140(2):225-229.

National Toxicology Program. NTP-CERHR monograph on the potential human reproductive and developmental effects of hydroxyurea. NTP CERHR
Mon 2008;21:vii-viii, v-ixIllT.

Strouse JJ, Lanzkron S, Beach MC, et al. Hydroxyurea for sickle cell disease: a systematic review for efficacy and toxicity in children. Pediatrics
2008;122(6):1332-1342.

Lanzkron S, Strouse JJ, Wilson R, et al. Systematic review: Hydroxyurea for the treatment of adults with sickle cell disease. Ann Intern Med
2008;148(12):939-955.

Shin JH, Mori C, Shiota K. Involvement of germ cell apoptosis in the induction of testicular toxicity following hydroxyurea treatment. Toxicol Appl
Pharmacol 1999;155(2):139-149.


http://www.bloodjournal.org/lookup/doi/10.1093/humupd/dmu035

80. Jones KM, Niaz MS, Brooks CM, et al. Adverse effects of a clinically relevant dose of hydroxyurea used for the treatment of sickle cell disease on male
fertility end points. Int J Environ Res Public Health 2009;6(3):1124-1144.

81. Garozzo G, Disca S, Fidone C, Bonomo P. Azoospermia in a patient with sickle cell disease treated with hydroxyurea. Haematologica 2000;85(11):1216-
1218.

82. Grigg A. Effect of hydroxyurea on sperm count, motility and morphology in adult men with sickle cell or myeloproliferative disease. Intern Med J
2007;37(3):190-192.

83. Lukusa AK, Vermylen C. Use of hydroxyurea from childhood to adult age in sickle cell disease: semen analysis. Haematologica 2008;93(11):e67.
discussion e68.

84. Lukusa AK, Vermylen C, Vanabelle B, et al. Bone marrow transplantation or hydroxyurea for sickle cell anemia: long-term effects on semen variables
and hormone profiles. Pediatr Hematol Oncol 2009;26(4):186-194.

85. Brawley OW, Cornelius LJ, Edwards LR, et al. National Institutes of Health Consensus Development Conference Statement: hydroxyurea treatment for
sickle cell disease. Ann Intern Med 2008;148(12):932-938.

86. Saleh AJ, Alhejazi A, Ahmed SO, et al. Leukemia during pregnancy: long term follow up of 32 cases from a single institution. Hematol Oncol Stem Cell
Ther 2014;7(2):63-68.

87. Ballas SK, McCarthy WF, Guo N, et al. Exposure to hydroxyurea and pregnancy outcomes in patients with sickle cell anemia. J Natl Med Assoc
2009;101(10):1046-1051.

88. lItalia KY, Jijina FF, Chandrakala S, et al. Exposure to hydroxyurea during pregnancy in sickle-beta thalassemia: a report of 2 cases. J Clin Pharmacol

2010;50(2):231-234.

Advertisement

Medical students and residents: Get ahead
of your peers through early experience in

2 explore options
research and guidance from ASH members. i i

»
ASH | Awards

€ blood

Current Issue

American Society of Hematology
2021 L Street NW, Suite 900, Washington, DC 20036
Phone 202-776-0544 | Fax 202-776-0545

Leading the way in experimental and
clinical research in hematology

Subscriptions Submit to Blood Information for:

First Edition About Blood Alerts Authors

Topics Newsroom RSS Subscribers
Collections Public Access Blood App Institutions/Librarians
All Issues Permissions Contact Us Advertisers

Abstracts Order Reprints Feedback

Copyright © 2015 by American Society of Hematology


http://googleads.g.doubleclick.net/aclk?sa=L&ai=BDsXK4KjGVJH_FMP0-QOMtoG4A8LQzMwEAAAAEAEg7vLuAjgAWKqCk9tzYMm28ofso-QXsgEUd3d3LmJsb29kam91cm5hbC5vcme6AQlnZnBfaW1hZ2XIAQPaATpodHRwOi8vd3d3LmJsb29kam91cm5hbC5vcmcvY29udGVudC8xMjQvMjQvMzUzOC5mdWxsLnByaW50wAIC4AIA6gIfLzEwMTc2NjYvQmxvb2RfRnVsbF9TaXRlX0Zvb3RlcvgC_tEekAOsApgDpAOoAwHIA5kE0ASQTuAEAaAGFA&num=0&sig=AOD64_2ZdTpM_LFKdcvKJ0dWons4ga4gnw&client=ca-pub-5204226570749937&adurl=http://www.hematology.org/Awards/
http://www.bloodjournal.org/content/current
http://www.bloodjournal.org/content/early/recent
http://www.bloodjournal.org/topics
http://www.bloodjournal.org/collection
http://www.bloodjournal.org/content/by/year
http://www.bloodjournal.org/page/ash-annual-meeting-abstracts
http://www.bloodjournal.org/page/subscriptions
http://www.bloodjournal.org/page/about-blood
http://www.bloodjournal.org/page/about-blood/blood-newsroom
http://www.bloodjournal.org/page/public-access
http://www.bloodjournal.org/page/rights-permissions
http://www.bloodjournal.org/page/rights-permissions#reprints
http://submit.bloodjournal.org/
http://www.bloodjournal.org/page/subscriptions/email-alerts
http://www.bloodjournal.org/rss
http://www.bloodjournal.org/page/blood-app/support
http://www.bloodjournal.org/page/contact-us
http://www.bloodjournal.org/page/feedback
http://www.bloodjournal.org/page/authors
http://www.bloodjournal.org/page/subscriptions
http://www.bloodjournal.org/page/subscriptions/librarians
http://www.bloodjournal.org/page/advertising-blood
http://www.hematology.org/
http://www.hematology.org/Research/
http://www.hematology.org/Training/
http://www.hematology.org/Advocacy/
http://www.hematology.org/Meetings/
http://store.hematology.org/
https://www.facebook.com/AmericanSocietyofHematology
https://twitter.com/ASH_hematology
http://www.linkedin.com/company/american-society-of-hematology



