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INTRODUCTION

Cancer disease among adolescents carries tremendous medical,

psychological, and sociological challenges among patients, fami-

lies, and care givers. Total international incidence of cancer in male

adolescents (age 15–19 years) ranged from 85 to 228 cases per

million person years in the studied series [1]. Cancer is diagnosed

annually among 20,000 adolescents/young adults (age 15–24 years)

across Europe with a 5-year survival estimation of 87% [2]. Similar

to childhood malignancies, hematopoietic cancers are the most

commonwith variable survival between that of Hodgkin lymphoma

(93%) and acute lymphoid leukemia (50%).

Fortunately, treatment efficacy has improved significantly

during the last decades and the overall number of survivors has

increased substantially [3]. Therefore, the prevalence of adults who

were previously treated by chemotherapy and/or radiotherapy has

increased significantly, resulting withmore secondarymalignancies

and other late sequelae that require medical treatment [2]. Infertility

due to gonadal failure is one of the major consequences of cancer

therapy [4]: an average of 11–30% of cured cancer patients remain

sterile in the long-term [5,6] with higher infertility rates among

males compared to females [5]. The risk for infertility is influenced

by the age of the oncological patient, underling disease, type of

therapeutic agent, cumulative doses and duration of treatment [7,8].

Gonadal failure in these patients is due to accelerated and premature

depletion of germ cells in the gonads [9].

The increasing prevalence of infertile adults due to previous

cancer treatments highlights the importance of fertility preservation

prior to initiation of gonadotoxic treatments. The only established

method to secure fertility in male cancer patients is semen

cryopreservation (SCP) [10], which should be strongly considered

in each cancer patient since recovery or spermatogenesis cannot be

guaranteed for an individual patient [8]. In the past, SCP could only

be used for intra-uterine insemination (IUI), but since freezing and

thawing of the sperm have a deleterious effect on the cryopreserved

sperm, only a few patients had compatible semen samples to use

with that method [8,10]. The introduction of assisted reproduction

technologies (ART) such as IVF (In Vitro Fertilization) and ICSI

(Intra Cytoplasmic Sperm Injection) provided cured cancer patients

with a reasonable opportunity to become fathers even with the

poorest semen sample [11].

While semen banking is well accepted in adult male cancer

patients, the same is not true for adolescents [8]. Although Bahadur

et al. [12] demonstrated a success rate of 86.1% among post-

pubertal males who produced semen for cryostorage, Muller

et al. [13] demonstrated major psychological obstacles that resulted

in only 44.5% SCP. It seems that adolescent patients may be shy or

too immature to obtain sperm for cryopreservation bymasturbation.

Therefore, alternative methods should be offered such as

vibrostimulation or electroejaculation (EEJ) [3,14].

EEJ is performed by transition of electrical stimulation from a

rectal probe to the short post-synaptic fibers in the wall of

ejaculatory organs [15]. Improvements in the stimulator and the

techniques have established EEJ as a simple and promising method

for sperm retrieval in unejaculatory men [16] such as those with

spinal cord injury and psychogenic unejaculation [17] with sperm

retrieval of more than 90% [16–18]. However, hormonal profiles of

adolescents with a diagnosed neoplastic disease such as acute
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lymphoblastic leukemia (ALL), non-Hodgkin lymphoma (NHL),

and Hodgkin lymphoma (HL) revealed gonadal function that may

represent spermatogenesis dysfunction [19]. The current data

regarding sperm retrieval by EEJ in adolescent cancer patients is

limited. Relatively small series have been published with

reasonable chance of compatible samples. Reliable experience

has been achieved in our tertiary center and a large sample size has

been collected during recent years. Therefore, the aim of the current

retrospective study was to describe our experience with EEJ in

adolescent cancer patients in order to evaluate the safety and

efficacy of EEJ and to give updated data regarding its outcome.

MATERIALS AND METHODS

Population

In this retrospective study we scanned the charts of all

adolescent (aged 12–18) cancer patients who underwent EEJ in

Sheba Medical Center between January 1, 2002 and December 31,

2012. All included patients were referred to the andrology team for

fertility preservation consultation in our tertiary center after being

diagnosed as cancer patients. Some patients were treated by the

oncological team of our hospital and others were referred from

various hospitals in Israel. Routine evaluation included personal

and family medical history with special attention to malignancy

type with regard to the scheduled anti-cancer treatments. Another

focus regarded pubertal status including Tanner stage and the ability

to masturbate. All included patients were diagnosed as Tanner stage

�2 and did not attempt to masturbate mainly due to psychological

difficulties (in a minority of cases masturbation was not considered

because of religious beliefs); therefore EEJ was indicated.

Complete physical examination was performed including compre-

hensive urological evaluation without any documented varicoceles

in that cohort.

Electroejaculation

Our policy was to offer EEJ in all patients who demonstrated

pubertal development (Tanner stages II–V) and were not able to

masturbate. Therefore, patient referral to EEJ was based on clinical

judgment. Testis ultrasound and hormonal profile were not included

routinely in our evaluation for two main reasons. First, in these

circumstances we provided a liberal approach regarding EEJ

performance due to the great importance of SCP in that population.

Therefore these tests had limited practical clinical implications.

Second, in many instances we had to perform EEJ as fast as possible

because of oncological considerations.

In order to minimize the need for anesthesia, in most cases EEJ

performance was combined with bone marrow aspiration or

insertion of intravenous catheter prior to initiation of gonadotoxic

treatments. Before EEJ all patients parents gave their informed

procedural consent with comprehensive understanding of EEJ and

its possible complications. Patients were instructed to empty their

bladder before the procedure. Under general anesthesia with the

patient placed in a lateral decubitus position, a rectal probe (Seager

electrical stimulator 11/8, G&S Instrument Co., Duncanaville, TX)

was inserted with its electrodes facing anteriorly. The used voltage

was 10–15V for 4–5 seconds.When there was no response to initial

stimulation, 2–3 additional stimulations were performed using 5–

10V lasting 3–5 seconds; according to patient age up to four

stimulations could be given. Patients who did not ejaculate after

repeated electrical stimulations were catheterized in order to rule

out retrograde ejaculation. In cases of rectal temperature (moni-

tored by the device) of 39.9˚C, the electrical current was

discontinued automatically in order to avoid thermal injury. In

order to detect complications as early as possible vital signs were

continuously monitored and physical examination was performed

immediately after the procedure was completed.

Vibratory stimulation was not conducted in the current cohort

for two reasons. First, EEJ is the preferred treatment in our

institution for anejaculation due to various etiologies (spinal cord

injury, retroperitoneal lymph node dissection, psychogenic aneja-

culation, etc.); therefore we have gained wide experience with that

procedure. Second, some of our patients are Orthodox Jews, who

prohibit vibratory stimulation as masturbation leading to “spilling

seed,” which is forbidden for religious reasons.

Outcome Measurements and Statistical Analysis

The primary endpoint was sperm recruitment for cryopreserva-

tion by EEJ. The secondary endpoint was sperm concentration and

motility analyzed by a Makler chamber [20] according to the

relevant WHO guidelines during EEJ performance [21] by the

specialized laboratory team in our tertiary center. Semen parameters

are presented as median and range because of skewed distributions.

Continuous variableswere compared usingWilcoxonRank Sum test

while categorical data were compared using the Fisher exact test as

appropriate. A two sided P value <0.05 was considered significant.

Ethics Approval

The research was approved by the Hospital Research Ethics

Board.

RESULTS

Patients’ Characteristics

Between January 1, 2002 and December 31, 2012, forty-five 12–

18 year-old cancer patients underwent EEJ in ShebaMedical Center,

Ramat Gan, Israel. The mean age of our cohort was 14.96� 1.84

years. No complications were documented throughout EEJ perfor-

mance. Thirty-one patients (68.9%) suffered from hematological

malignancies compared to 13 patients (28.9%) who had solid tumors

(two of them suffered from testicular cancer). In this retrospective

study we did not have the oncological diagnosis of one patient.

Sperm Retrieval by Electroejaculation and Ejaculate
Parameters

Sperm was successfully obtained in 30 (66.7%) patients.

Retrieval failures were ejaculates with no sperm cells in 8 patients

(17.8%) and no ejaculate in 7 patients (15.5%) (Fig. 1). The

successfully obtained sperm cohort was older than the non-obtained

sperm group (15.27� 1.91 and 14.33� 1.59 years, respectively)

without significant difference (P¼ 0.11). Comparison of hemato-

logical versus solid malignancy rates in these groups did not reveal

significant difference as well.

Investigation of the cryopreserved semen parameters revealed

severe asthenospermia (<40% progressive motility [21]) with

relatively normal sperm concentration and low volume: the median

and range of volume, concentration, total sperm count, and motility
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in the obtained ejaculatewere 0.32 (0.05–5.6)ml, 19 (1–300)� 106/

ml, 6.75 (0.05–840)� 106/ml, and 3.5 (0–45)%, respectively. One

exceptional sperm count of 3,000� 106/ml which we believe was

not reliable and significantly diverted statistical analysis was

excluded during sperm parameter analysis. Interestingly, 10

ejaculates had no motile sperm compared to the other 19 patients

withmotile obtained sperm. In order to evaluate these subgroups we

compared ejaculate characteristics. Ejaculate volume as well as

sperm concentration and total count were significantly lower in the

non-motile sperm group compared to the motile sperm cohort

(Table I).

The Possible Effect of Primary Malignancy on Retrieved
Sperm

In order to investigate the optional influence of malignancy type

on sperm quality we compared semen parameters between solid and

hematological malignancies among the cryopreserved sperm

cohort. There were 19 patients who suffered from hematological

cancer, mostly HL (7 patients) followed by acute leukemia (5 ALL

and 1 AML), NHL (5 patients), and aplastic anemia (1 patient).

Eleven patients had solid tumors (including the sperm sample

excluded due to non-reliable sperm count), 2 of them had testes

cancer. The average age of the hematological malignancies group

was significantly older than the solid tumor group, accompanied by

higher median ejaculate volume. No differences were found

regarding other semen parameters (Table II).

DISCUSSION

In this retrospective study we evaluated the safety and feasibility

of EEJ for SCP in adolescent cancer patients who were not able to

masturbate. EEJ resulted with obtained sperm in two-thirds of our

cohort without complications. This success rate is reasonable and

acceptable without any complications or additional risks when

combined with bone marrow aspiration or central venous catheter

insertion.Moreover, cryopreservation is extremely important in that

adolescent cancer patients, who stand at great risk for future

gonadal failure due to gonadotoxic cancer treatments and suffer

from psychological obstacles that may diminish their ability to

cryopreserve sperm obtained by masturbation.

One of the advantages of EEJ is its relatively low complication

rate. Although rectal mucosal injury, autonomic dysreflexia, and

rectal discomfort were previously described [16,22], EEJ is

considered a safe and efficient procedure [16,17,23]. Rectal

examination prior to the procedure in order to exclude pelvic

mass or mucosal atrophy is mandatory to reduce the risk for rectal

perforation. Close vital signs monitoring during EEJ and early

intervention with calcium channel blocker are acceptable to cope

with autonomic dysreflexia [16]. In the current study no

complications were documented during the procedure, similar to

a previous report regarding EEJ in psychogenic anejaculation [17].

These results emphasize the safety of EEJ in addition to its efficacy.

Although EEJ is a well-known method for fertility preservation

among young cancer patients [4,24], only small series had been

published. To our best knowledge this is the largest described cohort

published regarding EEJ in an adolescent cancer population.

Hagenas et al. [3] performed EEJ in 11 patients (mean age 14.4

years) and vibratory stimulation to one patient who could not

deliver semen samples by masturbation. Only six samples were

cryopreserved without motility description, while four samples

included one low volume sample without sperm and two samples

that contained no motile sperm. The distribution of semen

characteristics is similar to that of our cohort. Therefore, the

current study strengthens a previous EEJ outcome report in a

smaller adolescent cancer patient cohort. However, contrary to

Hagenas et al., we cryopreserved non-motile sperm. Rajasekaran

et al. [25] have emphasized that electrical stimulation such as EEJ

generates reactive oxygen species and affects superoxide dismutase

activity, whichmay be responsible for inadequate spermmotion and

viability. However, lack of motility does not have to be irreversible.

Moreover, our policy is based on previous reports of established

pregnancies using non-motile cryopreserved sperm retrieved by

testicular sperm retrieval (TSR), resulting in the conclusion that

lack of motility before cryopreservation does not exclude favorable

outcome [26]. In conclusion, we believe that the absence of motility

TABLE I. Comparison of Motile and Non-Motile Sperm Groups

Motile

cryopreserved

sperm (n¼ 19)

Non-motile

cryopreserved sperm

(n¼ 10) P

Volume (ml)a 0.5 (0.05–5.6) 0.005 (0.05–1.6) 0.007

Sperm concentration

(�106/ml)a
42 (2–300) 1 (1–22) <0.001

Total sperm count

(�106)a
28.4 (0.4–840) 0.05 (0.05–4.5) <0.001

Motility (%)a 5 (2–45) 0

aMedian and range.

Fig. 1. Sperm recruitment by EEJ in adolescent cancer patients.

TABLE II. Sperm Parameters Related to Malignancy

Hematological

cancer

(n¼ 19)

Solid tumors

(n¼ 10) P

Age (years) 15.97� 1.65 14.05� 1.83 0.008

Volume (ml)a 0.65 (0.05–5.6) 0.2 (0.05–4.4) 0.04

Sperm concentration

(�106/ml)a
20 (1–300) 18 (1–170) 0.44

Total sperm count

(�106)a
25.05 (0.05–840) 4.25 (0.05–88) 0.25

Motility (%)a 5 (0–35) 2 (0–45) 0.52

aMedian and range.
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immediately after EEJ may be temporary due to procedure

electrical and thermal effects and does not preclude the possibility

of future ovum fertilization, especially when ICSI is performed.

Retrieved ejaculate in the current study was characterized by

asthenospermia as previously described regarding EEJ [15,17,27].

Hovav et al. [14] performed 12 EEJ in 6 patients with mean motility

of 14% (range 0–53%). However, the notable asthenospermia in

different populations (such as spinal cord injury and psychogenic

anejaculation) highlights the idea that the EEJ procedure is the

cause for that phenomenon. An additional important factor in the

studied population is age. Although age difference did not reach

statistical significance between the obtained sperm cohort and the

non-obtained sperm group, the P value of 0.11 in these small

cohorts may represent an important contribution of older age to

successful sperm retrieval. The possible effect of malignancy type

on sperm recruitment was not clearly defined in the current study

mainly due to small sample size. On one hand, in spite of the

relatively small sample size, the cryopreserved sperm group had

lower rates of hematological malignancies compared to the non-

obtained sperm cohort. On the other hand, comparison of sperm

parameters between the hematological and solid tumor patients

failed to demonstrate any significant differences. That inconsisten-

cy was previously demonstrated. While Bahadur et al. [12] have

demonstrated uniform sperm counts across hematological as well as

solid tumors including HL, NHL, ALL, osteosarcoma, Ewing

sarcoma, testicular cancer, and others, Bonetti et al. [28] and

Williams et al. [29] found lower sperm concentration among testes

cancer patients compared to hematological malignancies. However,

gonadal dysfunction has recently been reported in adolescent

patients with ALL, NHL, and HL as well [19].

The current study describes various results for EEJ in adolescent

cancer patients. Although we divided our cohort to successful

versus non-successful EEJ by the ability to cryopreserve sperm, one

cannot ignore the fact that both cohorts were further divided to

subgroups. The successful cohort was divided by motility to two

groups that significantly differed by volume, sperm concentration,

and total count values. The non-successful cohort included patients

who had no ejaculate compared to ejaculate without sperm in

others. Therefore, the wide variety of EEJ results may represent a

continuum of pubertal changes in that population.

EEJ has been performed in our institution for more than 10 years

in patients who presented androgen characteristics such as testicular

growth, which is the first clinical sign of gonadal pubertal

maturation [30]. The importance of pubertal stages on spermato-

genesis in cancer patients was not initially as clear as it is today. The

comprehensive assessment of gonadal function of boys and

adolescents during cancer diagnosis was published only 1-year

ago [19]. We adopted a liberal approach towards EEJ performance

in that population because of the optional detrimental effect of

oncological treatments on future spermatogenesis, therefore

patients with Tanner stage �2 were included according to clinical

judgment of a urologist infertility expert. The lack of Tanner stage

documentation and hormonal investigation may be considered as a

limitation of the study. However, it should be noted that the long

investigation period enabled us to include the largest published

cohort. Moreover, since a liberal approach should be adopted for the

use of EEJ in adolescent cancer patients, the contribution of these

examinations to clinical practice should be further investigated.

Van Casteren et al. demonstrated successful pregnancies in 49%

of couples treated by ARTwith cryopreserved sperm in adult cancer

survivors. Pregnancy rates for ICSI and IVF were significantly

higher than those with IUI [8]. Although cryopreservation resulted

with lower quality semen parameters in adult cancer patients,

fertility outcome after ICSI was demonstrated as comparable to the

average pregnancy rates achieved with other male factor

patients [27]. Therefore, SCP is considered a reliable method for

fertility preservation [10,31]. However, data regarding fertility

outcome with ejaculate retrieved by EEJ in adolescents is lacking.

The relatively low sperm quality may reduce fertility outcome with

cryopreserved ejaculate. Fortunately, the high availability of ICSI

makes even severe asthenospermia treatable [14]. We assume that

these methods will be needed in future fertility treatments using

cryopreserved ejaculate from adolescents.

The current study describes EEJ as a safe and feasible procedure

for cryopreservation. Obtained ejaculate is characterized by quality

variety between patients with notable asthenospermia as previously

described in other populations. The use of additional urologic and

endocrinology evaluations may bring light on the diverse outcome

in that cohort. Oncology healthcare providers should discuss the

impact of cancer treatment on fertility as well as fertility

preservation options prior to initiation of gonadotoxic treatments,

since many parents want to preserve their son’s fertility even if the

risk of becoming infertile or the chances of fertility restoration are

low [24]. Another implication of the current results deals with the

heterogeneous financial support covered by insurance companies in

different countries and the optional need to reassess their policy

regarding SCP as a part of cancer care. Patients who failed to recruit

sperm present a special challenge, and additional approaches such

as testicular sperm extraction (TESE) or testicular sperm aspiration

(TESA) should be further investigated. Further studies regarding

the need for ART and fertility outcome are needed.

The current research was not financially supported.

ACKNOWLEDGMENT

We thank Mrs. Valentina Boyko, MSc, for her assistance in the

statistical analysis.

REFERENCES

1. Stiller CA. International patterns of cancer incidence in adolescents. Cancer Treat Rev 2007;33:631–645.

2. Gatta G, Zigon G, Capocaccia R, et al. Survival of European children and young adults with cancer

diagnosed 1995–2002. Eur J Cancer 2009;45:992–1005.

3. Hagenas I, Jorgensen N, Rechnitzer C, et al. Clinical and biochemical correlates of successful semen

collection for cryopreservation from 12-18-year-old patients: A single-center study of 86 adolescents.

Hum Reprod 2010;25:2031–2038.

4. Rodriguez-Wallberg KA, OktayK. Fertility preservationmedicine: Options for young adults and children

with cancer. J Pediatr Hematol Oncol 2010;32:390–396.

5. Hamre H, Kiserud CE, Ruud E, et al. Gonadal function and parenthood 20 years after treatment for

childhood lymphoma: A cross-sectional study. Pediatr Blood Cancer 2012;59:271–277.

6. Schrader M, Muller M, Straub B, et al. The impact of chemotherapy on male fertility: A survey of the

biologic basis and clinical aspects. Reprod Toxicol 2001;15:611–617.

7. Meirow D, Biederman H, Anderson RA, et al. Toxicity of chemotherapy and radiation on female

reproduction. Clin Obstet Gynecol 2010;53:727–739.

8. Tournaye H, Goossens E, Verheyen G, et al. Preserving the reproductive potential of men and boys with

cancer: Current concepts and future prospects. Hum Reprod Update 2004;10:525–532.

9. Oktay K, Oktem O. Fertility preservation medicine: A new field in the care of young cancer survivors.

Pediatr Blood Cancer 2009;53:267–273.

10. van Casteren NJ, van Santbrink EJ, van Inzen W, et al. Use rate and assisted reproduction technologies

outcome of cryopreserved semen from 629 cancer patients. Fertil Steril 2008;90:2245–2250.

11. Hallak J, Hendin BN, Thomas AJ, Jr. et al. Investigation of fertilizing capacity of cryopreserved

spermatozoa from patients with cancer. J Urol 1998;159:1217–1220.

12. Bahadur G, Ling KL, Hart R, et al. Semen quality and cryopreservation in adolescent cancer patients.

Hum Reprod 2002;17:3157–3161.

13. Muller J, Sonksen J, Sommer P, et al. Cryopreservation of semen from pubertal boys with cancer. Med

Pediatr Oncol 2000;34:191–194.

14. Hovav Y, Dan-Goor M, Yaffe H, et al. Electroejaculation before chemotherapy in adolescents and young

men with cancer. Fertil Steril 2001;75:811–813.

15. Chung PH, Yeko TR, Mayer JC, et al. Assisted fertility using electroejaculation in men with spinal cord

injury—A review of literature. Fertil Steril 1995;64:1–9.

16. Heruti RJ, Katz H, Menashe Y, et al. Treatment of male infertility due to spinal cord injury using rectal

probe electroejaculation: The Israeli experience. Spinal Cord 2001;39:168–175.

Pediatr Blood Cancer DOI 10.1002/pbc

Sperm Preservation Among Adolescents by EEJ 289



17. Gat I, Maman E, Yerushalmi G, et al. Electroejaculation combined with intracytoplasmic sperm injection

in patients with psychogenic anejaculation yields comparable results to patients with spinal cord injuries.

Fertil Steril 2012;97:1056–1060.

18. Brackett NL, Ibrahim E, Iremashvili V, et al. Treatment for ejaculatory dysfunction in men with spinal

cord injury: An 18-year single center experience. J Urol 2010;183:2304–2308.

19. Krawczuk-Rybak M, Plonowski M, Solarz E, et al. Assessment of gonadal function in boys

and adolescents at the diagnosis of neoplastic disease. J Pediatr Endocrinol Metab 2012;25:

453–458.

20. Makler A. A new chamber for rapid sperm count and motility estimation. Fertil Steril 1978;30:313–318.

21. World Health Organization WHO laboratory manual for the examination and processing of human

semen. Geneva: World Health Organization; 2010. pp 271.

22. Rutkowski SB, Geraghty TJ, Hagen DL, et al. A comprehensive approach to the management of male

infertility following spinal cord injury. Spinal Cord 1999;37:508–514.

23. Shieh JY, Chen SU,WangYH, et al. A protocol of electroejaculation and systematic assisted reproductive

technology achieved high efficiency and efficacy for pregnancy for anejaculatory men with spinal cord

injury. Arch Phys Med Rehabil 2003;84:535–540.

24. Sadri-Ardekani H, AkhondiMM,Vossough P, et al. Parental attitudes toward fertility preservation in boys

with cancer: Context of different risk levels of infertility and success rates of fertility restoration. Fertil

Steril 2013;99:796–802.

25. RajasekaranM, HellstromWJ, Sparks RL, et al. Sperm-damaging effects of electric current: possible role

of free radicals. Reprod Toxicol 1994;8:427–432.

26. Levron J, Madgar I, Shefi S, et al. IVF outcome with cryopreserved testicular sperm. Andrologia

2011;43:48–51.

27. Hovav Y, Shotland Y, Yaffe H, et al. Electroejaculation and assisted fertility in men with psychogenic

anejaculation. Fertil Steril 1996;66:620–623.

28. Bonetti TC, Pasqualotto FF, Queiroz P, et al. Sperm banking for male cancer patients: Social and semen

profiles. Int Braz J Urol 2009;35:190–197; discussion 197–198.

29. Williams DHt, Karpman E, Sander JC, et al. Pretreatment semen parameters in men with cancer. J Urol

2009;181:736–740.

30. Sizonenko PC. Normal sexual maturation. Pediatrician 1987;14:191–201.

31. Hourvitz A, Goldschlag DE, Davis OK, et al. Intracytoplasmic sperm injection (ICSI) using cryopreserved

sperm from men with malignant neoplasm yields high pregnancy rates. Fertil Steril 2008;90:557–563.

Pediatr Blood Cancer DOI 10.1002/pbc

290 Gat et al.


