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Chapter 1

INTRODUCTION

Infertility is referred to by the World Health Organisation (WHO} as the inability of a couple
to achieve pregnancy within one year of reqular unprotected intercoursef1]. About 15% of
couples who do not achieve pregnancy within 1 year seek medical treatment for infertility.
Eventually, 5% of them remain childless against their wishes. '

Infertility affects both men and women. In 50% of involuntarily childless couples, a male
infertifity associated factor is identified together with abnormal semen parameters. Several
factors can be responsible for impaired male fertility: congenital or acquired urogenital abnor-
malities, urogenital tract infections, increased scrotal temperature (such as that caused by vari-
cocele), endocrine disturbances, genetic abnormalities, immunological factors and testicular
deficiency (1). Nonetheless, in 30-40% of men with abnormal semen parameters no cause can
be found, which is then named idiopathic male infertility.

Testicular development and its bearing on the development of testicular cancer

To permit normal spermatogeneasis later in life, it is important for the male gonads that tesiicu-
lar development is not hampered by internal or external factors. To ensure the transmission of
geneticinformation through the spermatozoa, specific germ cell precursors are set aside during
early embrycgenesis. Known as primordial germ cells, these cells have unique characteristics,
such as an capacity to suppress the induction of differantiation, a commitment to either the
male or the female lineage, and a capacity to generate the highly specialized daughter cells
that, after fertilization, regain an activated differentiation program. The latter means that they
can form all embryonic and extra-embryonic tissues, including the germ-cell population [2].
In other words, they are in fact really the totipotent stem-cell population of the body, and
represent the circle of life.

The development of the testes starts in the fifth week of life, when the primordial germ
cells migrate to the genital ridge; once there, they are termed gonocytes. Eventuatly, these
gonocytes differentiate to type A spermatogonia, which will form spermatozoa after puberty
{spermatogenesis). During this differentiation, the germ cells are characterized by several mark-
ars, including alkaline phosphatase, ¢-KIT, OCT3/4, VASA, and NANOG.

if gonadal development is disturbed, it can lead to the so-called testicular dysgenesis
syndrame. This was first described by Skakkebaek et al., who states that the development of
the testis is disturbed by several internal and external factors [3] that may cause Leydig-celi
and Sertoli-cell dysfunction, and may thereby disturb the differentiation of the gonocytes and
derivatives. This can create various problems, such as minor spermatogenic disorders, cryptor-
chidism, hypospadia, infertility and even testicular germ cell cancer.

Testicular cancer, i.e. germ-cell tumors, is the most cemmon cancer in men in their 20s and
30s. Unfortunately, its incidence is rising [4]. In the Netherlands, about 600 patients per year
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(2007) are diagnosed with a testicular germ-cell tumor (TGCT), a number that is expected to be
more than 700 patients in 2010 (KWF data 2005).

The first sign of such a testicular cancer is often a painlass enlargement of the testicle, In
about 60% of the patients the tumour has already metastasized to the lymph nodes and some-
times to other organs when first diagnosed. Carcinoma /n Situ (CI5) is currently accepted as the
precursor of all TGCTs , i.e. the seminomas and nonseminomas, in adolescent and young adult
males [5, 6]. In many respects, (1S cells resemble PGCs/gonocytes: both have erased genomic
imprinting and a similar morphology, and both express the same immunohistochemical
markers, such as OCT3/4, PLAP, AP-2y, and c-KIT [7, 8]. CIS cells probably result from delayed or
biocked differentiation of embryonic germ cells. Patients harbour these pluripotent CIS cells in
their testicle, which, after puberty, eventually progress into a TGCT [3].

In its pre-invasive stage, CIS can be detected by testicular biopsy, but its inconsistent pre-
sentation, which is characterized by a heterogeneous distribution, can resul{ in false-negative
diagnosis in some cases [9]. Because a testicular biopsy is also an invasive procedure that brings
additional risks, it cannot be used as a screening tool in large populations. One alternative
method of detecting CIS is by detecting exfoliated tumor cells in semen, but so far this has not
been very successful [10].

Because the detection and treatment of CIS can prevent the development of an invasive
cancer, it clearly has major advantages, not least because it spares patients from treatment
protacols which are potentially detrimental to the gonads.

Cancer and fertility

Before gonadotoxic treatment is initiated, adult male cancer patients are often referred for
semen cryopreservation of a semen sample. Sometimes, the pre-treatment semen quality is
impaired due to disease related factors hampering semen cryopreservation. Sperm banking
can be a difficult issue to discuss with patients who have recently been diagnosed with cancer,
especially in adolescents and pre-pubertal boys, who might not be abie to produce a semen
sample, Sometimes, in pubertal boys spermatogenesis may not yet have started and it is dif-
ficult to predict this based on clinical parameters. This poses a difficult problem for clinicians
who encounter pediatric cancer patients.

The recovery of spermatogenesis after gonadotoxic treatments can take severaf years, and
still no serum markers are available to predict whether this will happen, If azoospermia persists
after cancer treatment it may be possible to induce pregnancy with cryopreserved semen
and assisted-reproduction techniques. The vaiue of sperm banking before cancer treatment
is expressed by the total number of men who remain infertile after treatment and the number
of live births using this cryopreserved semen after surviving cancer. There is a definite need to
discuss semen cryopreservation with all male cancer patients prior to cancer treatment,

As this introduction shows, fertility and cancer are intertwined in many ways. Both are the
subject of this thesis.
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AIM OF THE THESIS

The general aim of the work presented in this thesis is to ilustrate the relationship between
gonadal function and cancer. In doing so, we first concentrate on the increased risk of develop-
ing testicular germ cell tumours (TGCT) in infertile men. Next we discuss the best methed to
evaluate testicular biopsies for detecting Carcinoma in Situ (CIS) of the testis, the precursor of
testicular cancer. Furthermore, we elaborate on a non-invasive detection of testicular cancer
using immunohistochemistry to detect exfoliated CIS cells in semen. We end this thesis with
evaluating the detrimental effects of childhcod cancer treatment on gonadal function and
present the significance of performing pre-treatment semen cryopreservation in afl cancer
patients.

OUTLINE OF THETHESIS

Chapter 3 describes a spacific subgroup encountered in the subfertile population. it is shown
by several large studies that patients who have an impaired fertility are at risk for developping
testicular cancer [8]. The risk of developing TGCT in male patients who visit an andrologic clinic
is approximately 1%. This is one of the reasons why a scrotal ultrasound is mandatory in the
evaluation of the infertile male. Subgroups in the infertile patient population have a higher risk
on TGCT. Recently, De gouveia de Brazoa et al. found that infertile men with bilateral testicular
microliths on scrotal sonopgrahy had 20% risk of CIS[9]. Infertile men, aspecially those with
additional signs of testicular dysgenesis such as testicular microlithiasis {TM), might therefore
be a group that might benefit from a screening protocol designed to detect testicular cancer or
the precursor lesion. However, standard follow-up schedules for this group are lacking making it
difficutt to clearly investigate the role of these microliths in the testicular dysgenesis syndrome
and the risk for TGCT. We propose an active appreach including performing testicular biopsies
to detect CIS in the testes for men diagnosed with TM.

In chapter 4 we prasent the pitfalls encountered in CIS diagnostics due to the random
distribution in the testis. CIS is virtually always found in the parenchyma adjacent to TGCTs
in orchigectomy specimens, and it is reported that in testicular biopsies, without an invasive
tumour, CIS is missed in approximately 0.5 percent [6, 10}, Dieckmann et al. proposed to take a
two-sited surgical biopsies from a single testis which improves the diagnostic yield with 18%
(111 Application of immunohistochemistry using specific antibodies can furthermore increase
the overall sensitivity and specificity of diagnosing CIS in testicular biopsies. Currently, OCT3/4
is in our opinion the best marker in TGCT diagnostics. One of the biggest advantages is that
100% of the cells of CIS, seminoma and embryonal carcinoma show a nuclear staining [12-141.
In chapter 5 we evaluated the additional diagnostic value of OCT3/4 immunchistochemistry
in detecting CIS in testicular biopsies. In chapter 6 we describe an other method to detect
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CiS using a non-inavsive method. We describe a pilot study in which we evaluate if OCT3/4
immunohistochemistry could be used to detect exfoliated CiS cells in semen,

In the second part of the thesis we focuss on cancer related infertility. In chapter 7 we
describe the semen quality of cancer patients wha were referred for semen cryopreservation,
in our study we evaluate which patients are at risk for decreased pre-treatment semen guality.
in young pre-pubertal or pubertal boys, semen cryopreservation is a difficult issue to discuss.
Not all boys have masturbated at this age or feel comfortable talking about masturbation and
in some spermatogenesis is still absent. In chapter 8 we describe a group of pubertal cancer
patients whe are referred for semen cryopreservation. We evaluate which markers could be
useful to predict a successful semen cryopreservation attempt. Successful semen cryopreserva-
tion offers these young boys a change for offspring later in life. To assess the value of banking
sperm the number of men who use their banked semen should be assessed as well as the
number of life births after IVF. In chapter 9 we describe a large cohort of cancer patients who
banked their semen and evaluate which of them used their semen. We furthermore evaluated
the outcome of the fertility treatments in which the banked semen was used. In the last two
chapters 10 + 11 we elaborate on the detrimental effects of chemotherapy and radiotherapy
given during childhood cancer treatment. We describe a large cohort of patients who were
treated for childhood cancer with a very long follow-up. These data give more insight into
which patients are at increased risk for post-treatment gonadotoxicity.
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SUMMARY

Testicular microlithiasis (TM) has been associated with testicular germ cell tumors (TGCTs) in
adolescents and adults and with its precursor carcinoma in situ (CIS). A clear definition of TM
and the need for further diagnostics and follow-up is lacking. We reviewed the literature of TM
and its association with TGCT/CIS and current follow-up advises and propose a management
approach based on associated risk factors for TGCT. In the literature, a wide variance of TM
incidence is reported in different patient populations. A consensus concerning the malignant
potential of TM has not been reached. In addition, a clear definition onTM is lacking. Although
a correlation between TM and TGCT or CIS is found, precise management and foliow-up sched-
ules are absent. We suggest that all hyperechogenic foci smaller than 3 mm without shadowing
should be named TM irrespective of their number. In addition, we suggest a management
scheme for physicians encountering TM in daily practice. Our algerithm suggests taking a tes-
ticular biopsy in a selected patient population with at least one additionat risk factor for TGCT.
A long-term active follow-up schedule, including ultrasonography and physical examinations,
is not indicated in the remaining patients with TM.



Testicular microlithiasis and Carcinoma in situ

INTRODUCTION

Testicular microlithiasis {TM) is an incidental finding during ultrasonographic investigation of
the testis. These TM appear as 1- to 3-mm-sized multiple foci within the parenchyma of the
testis {15, 16] (Figure 1). This observation is infrequent but it has generated interest as an
informative parameter to identify males at increased risk for Carcinoma in Situ (CIS} of the testis
and testicular germ celf tumors (TGCT) during adolescence and adulthood, i.e. seminomas and
nonseminomas. Although most clinicians classify hyperechogenic lesions detected on scrotal
ultrasound investigation as TM, a precise definition has not been accepted yet. In essence TM
is a benign condition and has been found together with several urclogical conditions, such
as infertilty [17-191, cryptorchidism [20-22], testicular torsion [23, 24], testicular atrophy [25],

Fig 1: Landscape testicular microlithiasis in a small atrophic inhomeogeneous testis.

Klinefelter's syndrome [25, 26] and and disorders of sex development [25]. The association with
IS [9, 15,27, 28] and TGCTs [27, 29, 301 is also well documented; TMis found in 74% of men with
aTGCT [31]. In contrast, it can also be observed in 1.5 to 5.6% of the general population and can
therefore be regarded as not testicular cancer specific {18, 32). The observation and its potential
association with TGCT raise concerns among urologists and radiologists but a consensus on
follow-up schedules and interventions to rule out malignancy in these patients is lacking. With
this overview, we propose a clear definition of TM and give a guideline for clinicians on how to

manage these patients.

Incidence

TM is being recognized with increasing frequency because of high resclution of modern ultra-
sound machines. With transducer frequencies of 7-13 MHz., scrotal ultrasonography is able to
identify structures smailer than 1 mm, which leads to a more accurate view of the testicular
parenchyma and a higher detection rate of intrascrotal abnormalities. The prevalence numbers
of TM in studies of large cchorts of men show a wide range. This may be explained by the
difference in the selection of men in these studies. In healthy men, for example, the prevalence
varies between 1.5 to 5.6%, compared to 0.8 % to 20.0% in infertile populations (Table 1}. TM
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Table 1: TM prevalence in general populations and subfertite populations
Author psan — e - = -

Von Eckardstein et al.,

2001

Peterson et al., 2001 1504 MNone 84 5.6 »5 7-10 0
Total general 1702 None 87 5.1% 1 (1%)
Population

Kessaris et al., 1994 150 S 2 13 10 ¢l
Aizenstein et al., 1998 180 S 5 28 »5 7 o]
Pierik et al., 1999 1372 s 12 0.8 7-10 7 {58%)
Von Eckardstein et al., 1399 5 32 23 >5 7-10 3CHS {99
2001

Schrey et al,, 2001 1030 S 8 0.8 >10 - 1
Turchi et al., 2001 250 S 2 0.8 - 0
Thomas et al., 2001 159 S 10 6.1 >5 7 0

de Gouveia Brazao et 263 5 53 20 7.5-12 5 C1S (119}
al., 2004 130 (BTM}

Sakamoto et al., 2008 545 5 30 3.5 5-7.5 0
Mazzilli et al., 2005 233 5 13 4.6 5.5-12 o
Total subfertile 5809 e 39T 24 o 17 (4%)
population

5 subfertile population, TM; testicular microlithiasis, BTM: Bilateral testicufar microlithiasis.

was found in 139 out of 5899 infertile men indicating an average prevalence of around 2.4%
in these patients (Table 1}. In populations referred for scrotal complaints, a variety in incidence
is reported ranging from 0.6 to 4.1% (Table 2). A comparison among most studies is difficult
because of the absence of a clear definition of TM as well as the use of different uhtrasound
frequencies. In addition, the populations used vary widely and for the largest part describe
the presence of TM in men with palpable abnormalities of the testis suggestive for testicular
cancer. Furthermore, most studies are retrospective and therefore suffer from biases inherent
to retrospective studies. A clear incidence number is therefore difficult to give and mainly
depends on the population screened.

Befinition and Etiology

The exact eticlogy of TM is unclear. it is suggested that these calcified concretions within the
lumen of seminiferous tubules originate from sloughing of degenerated intra-tubular cells and
failure of the Sertoli calls to phagocyte the debris {33-35]. Raman spectroscopic mapping dem-
onstrated that testicular microliths were located within the seminiferous tubule and consisted
of hydroxyapetite [36]. Although calcifications in a tumor containing testis also revealed high
levels of hydroxyapetite, caution should be taken to name these micrclithiasis since their origin
and pathogenesis are not completely clear [36, 37].
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Table 2: Prevalence of TM and association with malignancy in referred patients.

Authors Total ™ Prevaience Frequency Malignancyin  Odds

Patients % MHZ men with TM ratio
Ganem et al., 1999 1100 22 2.0 5-10 8/22 (36.4%)
Hobart et al.,, 1992 1710 m 0.6 5-10¢ 5/11 (54.4%)
Otite et al., 2001 3026 54 1.8 7 16/54 (29.6%) 13.2%
(criteria»5)
Derogee et al., 2001 1535 63 4.1 7and 10 30/63 (47.6)
(criteria »3)
Skyrme et ai., 2000 2215 34 1.4 7.5 5/34{14.7%)
Cast et al., 2000 4819 33 0.68 7.7 and 7/33121.29%) 271.6x
{criteria>5) 5-10
Middleton et al., 2002 1679 195 18.1 >7.5 12/195 (6.1%)
Miller et al., 2007 3279 67 20 =0or>10 5/67 {7.5%)
Bach et al., 2001 528 48 9.0 7 13/48 {27.19%)
Icriteria »5)
Sakamoto et al,, 2006 969 a6 4,7 S+75 8/46 (17.4%)
Ringdahl et al., 2004 160 12 75 - 4/12 (33.3%)
Bach et al., 2003 156 23 14.7 7 5/23(21.7%)
Pourbagher et al. 2004 5263 40 0.76 7.5 4/40 (1G%)
(BTM)
Kosan et al, 2008 179 27 10.6 10 3/21 (14.3%)
Total 26018 669 25 1251{18.79%}

BTM= bilateral testicular microlithiasis

TM is classified by testicular uitrasonography as hyper-echogenic lesions between 1 and 3
mm in diameter without shadowing. TM usually has a diffuse pattern but humber and distribu-
tion are variabie [38] . A sub-classification in Classic or Limited TM has been suggested accord-
ing to the presence of respectively more or less than five microliths per view, A recent study
in 1079 patients by Middleton et al. showed that this classification is arbitrary in the context
of malignant transformation. Their study showed no difference in risk of a co-existing tumor
between patient with a classic TM pattern and patients with only few micreoliths per testis [30].
Sanli et al. recently also demonstrated that a grading of classic TM according to the number of
microliths is not mandatory as this does not predict TGCT development [391.

In our opinion, alt hyperechagenic foci on testicular ultrasound smailer than 3 mm without
shadowing should be named TM, independent of the number of TM per view or in the total
testis. These microliths should be located in the testicular parenchyma and not in a TGCT.
Furthermore, factors potentially disturbing the normal testicular parenchyma such as testicular
tumots, testicular trauma or surgical procedures should also be clearly noted as these might
indicate a different etiology.

19




Chapter 3

N
[=]

Risk of CIS of the testis in men with TM

The incidence of TGCTs, i.e. seminomas and nonseminomas, has increased during the last
decades [40]. ltis currently accepted that CIS is the precursor, which represents a primordiat
germ cell or gonocyte [2, 41]. Early detection of CIS or organ confined TGCT improves prognosis
and prevents the need for orchidectomy and chemotherapy and/or radiotherapy [42]. It is
refevant to realize that CIS is in fact an asymptomatic condition and TM might be the only clue
to its presence. Kang et al. found that the microscopic prevalence of TM among 463 testicutar
biopsies was higher in biopsies with CIS 39% compared to 2% in biopsies without CIS [43].
Therefore, TM might indeed be useful to define a high risk group in whom IS is more frequent
[44]. TM is commonly associated with CIS in case reports and small studies [9, 15, 27, 45, 46].
Linke et al. performed a post mortem study on presumably healthy males with no known
testicular complaints and found a prevalence of CIS in 6 out of 1388 patients {0.43%), of whom
two (33.3%) had TM [47]. Poubargher et al. studied 36 patients with bilateral TM and did not
detect any newly formed tumors during the median 34 months follow-up. Follow-up included
ultrasound and physical examinations at 6-month intervals. Although no tumors developed,
these examinations do not exclude CIS and the follow-up period of this study might be too
short as onty 50% of the patients with CIS will develop a TGCT in 5 year [48]. In a more recent
study of De Gouveia-Brazoa et al. the risk of CIS in a infertile population was 20% in the pres-
ence of bilateral TM compared to 0.5% in the patients without TM[9]. A recent article by Sanli et
al. also suggested a higher risk of developing a TGCT in men with bilateral TM [39].

In patients with a TGCT the risk of CfS or tumor in the contralateral testis is reported to be
around 5 percent. If the contralateral testis contains TM, this risk will increase to 22-78% (odds
ratio 12.0 to 16.8) [49, 501, Bach et al. performed a retrospective study in 156 patients with a
TGCT. In this population, 23 patients were diagnosed with contralateral TM of whom 4 patients
17.3%) were diagnosed with testicular malignancy in that testis compared to only 2 in the
remaining 133 patients without TM (1.5%}[50]. Holms et al. showed the presence of contralat-
eral tumor in seven out of nine men (77.7%) with contralateral TM compared to only three out
30 (10%) patients when the contralateral testis appeared normal on ultrasound evaluation{49].
However, the absence of TM does not safeguards patients from CiS as nine out of the 25 patients
with CIS {36%) from these two studies had no sonographic abnormalities {49, 50]. Based on
these studies, it is clear that TM and CIS can be associated but CIS can occur without TM. Most
likely, TM is a sign of the testicular dysgenesis syndrome (TDS), a condition that is associated
with CIS [51]. Therefore, patients with TM should be examined for other criteria for TDS such as
testicular atrophy, testicular maldescent, history of contralateral tumor, hypospadias, low or
absent sperm count or inhomogeneous ultrasound appearance [52, 53]. These findings might
provide additional evidence for the presence of €IS and therefore the need for testicular biopsy.
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Risk of TGCT in men with TM

Although, the association between TM and TGCTs is well documented, there is no convincing
evidence to suggest that TMis solely a pre-malignant condition. In the literature, the association
between TM and TGCTs ranges from 6.1 % to 54.4 % in a referred population (Table 2). These
patients were referred for scrotal ultrasound for a variety of scrotat complaints including tes-
ticular torsion, painless lumps, hydrocele, testicular pain, epididymitis and subfertility. Ikinger
et al. found calcifications in 74% of the testis containing malignancies, using a mammography
technique. In that study, there was a slightly higher incidence of TM in non-semincma patients
(87%) than in seminoma patients (60%). Only few case studies report on the actual develop-
ment of a TGCT after TM was identified [54-56]. The tumor in those studies developed between
6 months and 11 years after discovering the TM. The relative increase in risk of developing a
tumer in men with TM in a referred population varied from 13.2 to 21.6 fold (Table 2) [57, 581,
These two studies describe the presence of TM besides an invasive TGCT and not just the pre-
malignant CIS stage. These calcifications might be secondary to the presence of the tumor [37].
Treatment of these patients is directed towards treating the suspected tumor and not influ-
enced by the TM. DeCastro et al. recently published a 5 year follow-up study of asymptomatic
men with TM and found a odds ratio of developing a testicular tumor of 317 compared to men
with no TM [56]. Coffey et al recently demonstrated that TM is more frequent in male relatives
of men with TGCT, which suggests a familial risk factor for TGCT [59].

FOLLOW-UP

A large survey under British Urclogists showed that one-third of them performed follow-up of
men with TM [60]. Follow-up should result in early detection of testicular malignancies. In gen-
eral, most authors describe a follow-up scheme consisting of self-examination in combination
with regular physical examination by an uroiogist and scrotal ultrascund especially if additional
risk factors are present. The regimes used differ widely in interval and method of follow-up and
are not conclusive about length of follow-up (Table 3}.

The corner stone of any follow-up scheme for patients with TM should be self-examination
of the testis. Self-examination will aid in early detection of TGCT. Huyghe et al. showed that in
nonseminoma patients diagnostic delay is associated with worse stage and survival [61]. The
physician shoutd therefore raise the patient’s awareness s¢ that clinical delay is minimal.

We provide a follow-up schedule with suggestions for men diagnosed with TM, without a
testicular lesion, based on the current litevature (Figure 2). If TM is diagnosed in combination
with other intra-testicular abnormalities suspicious for a TGCT the physician should make his
treatment decision on the suspicious lesion. The presence of TM adjacent to the lesion only
increases the change of malignancy [62].
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Table 3: Gverview of studies describing a follow-up schedule for men with TM

ollo L Physic fira

dica rval)
+
Zastrow et al +
ail B - 7 A 7
2005 R Reguiar
patients
D h et al. 7
agash et a N /8 ]
2007 +/-B - ? ?
Monthly tannual)
Sakamoto et e ? i + ; , 5
al 2006 (Regutar)
Rashid et ai. . +/-0
2004 + Yearly b Annual
+ Monthly ) i + Physical - ? ?
prlmary care B .
examination
taker .
urologist
Leenen et al + , + + ) . Until peak
2002 Children ’ Annual incidence
Bennet et ak.
+/-E 7 - - Periodic £ - - ?
2001 / +/- Periodic
Otite et al, . . i + 20-45 year
2001 12-18 Months - -+ 4
Ganem et al. 46 N . + 5
2000 Annual '
Miller et al. A + . + ,
1996 6-12 Menths )
Skyrme et + +
+ + . - - ?
al.2000 Biannually Biannually
Pourbagher N + . +
etal. 2005 Annuat Annual

+/- Done if risk factors are there, - Not suggested, + Suggested, ? Not precisely described

2: Additional pathological ultrasound or clinical findings, focal or unilateral T, existence of 2
contratateral tumaor or infertifity with cryptorchisme and atrophic testes

B cryptorchidism, infertility, testicular atrophy, testicular asymmetry or previous history of testicular
cancer

C: infertile men with bilateral TM or men with unilateral TGCT a2nd TM in the contralateral testis

4 Cryptorchidism, Atrophy, Infartility, Intratubular germ cell neoplasia, Gonadal dysgenesis,
Contralateral testicular tumor, Exogenous estrogen administration

&0nly in case of a contralateral tumor

F:Previous history of testicular malignancy or the presence of eguivocal findings

&:Recommends extensive evaluation including chest X-ray, computerized tomography and testicular
biopsy especially in men with a history of testicular cancer and testicular microfithiasis.

Hinitial CT abdomen + thorax if no testicular tumor is present

Regular scrotal ultrasonography is often advocated. Using ultrasonography the physician
is able to detect non-palpable masses. This might lead to early diagnosis but will mostly not
prevent orchidectomy, Furthermore, it remnains to be proven that screening testicles for TGCTs
with ultrasonography results in better survival rates. In addition, CiSitselfis not detectable with
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Testicutar
Iicrolithiasis

Risk factors
Infertility
Bilateral Tht
Cryptorchidism
Arrophic festicies
Conlralateral maur

na }——wﬁeif Examination ]

Age younger
man 50 yeals

no }——{ Seif Examination ]

I3
( Testicular Biopsy H negative | Seif Examination

| positive

Treatment
orchidectomy
or
radiotherapy
After ferility presemvation

Fig 2. Follow-up scheme for patients with TM without a concomitant testicular tumor.

ultrascnography. Finding the precursor (IS lesion is the only way to improve patient outcome,
especially related to retention of hormonal function and therehy quality of life. It is debatable
if annual testicular ultrasonography plays a role in the follow-up of TM as a survival benefit has
not yet been proven. It might be an alternative for patients with TM with a relative high risk who
refuse or are unable to undergo a testicular biopsy. However, until the rcle of regular scrotal
ultrasound in patients with TM regarding survival and cost-effectiveness is investigated this
shoutd not be regarded as standard care.

WHEN IS ATESTICULAR BIOPSY INDICATED?

A testicular biopsy is currently the gold standard in CIS diagnosis. However, it is not neces-
sary to perform this invasive procedure in all males with TM. The majority of men with TM will
never develop a TGCT [32, 56). Some patients with TM are at a higher risk for CIS or testicular
malignancy, thus follow-up schedules should be focused on this group. Performing a tes-
ticular biopsy will accurately diagnose C!S with a false-negative risk of 0.5% [61]. We propose
a follow-up protocel in which testicular biopsies should be considered in patients with TM
with an increased risk of CIS or TGCT {(Fig 2). These include men with infertility and bilateral
TM, atrophic testes, undescended testes and men with a history of TGCT and contralateral
TM. In adult men with a history of undescended testis the risk of CiS is approximately 2 to
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4% {631 If in these testicles TM is present the risk increases to approximately 10 percent {211
Men with infertility or abnormal semen analysis have a increased risk on developing a TGCT
and this should be taken into account when managing TM in this patient population [8, 64].
In infertile men, the prevalence of TM varies from 0.8 to 20 percent {Table 1). The number of
reported malignancies (n=16, 0.3%) in the infertility group might be too low as active follow-
up has not been performed and none of the patients had testicular biopsies performed. This
could lead to an underestimation of the CiS prevalence in this selected population. Raman
et al. compared the incidence of TGCTs in 3800 infertile males and compared this with the
general pepulation. They found a 20-fold greater incidence of tumors in subfertile males [64].
In men with a TGCT, the risk of CIS or cancer in the contralateral testis is also increased. Har-
land et af performed a retrospective study in 186 testis cancer patients in whom contralateral
biopsies were performed [52]. They found that patients with small contralateral testis had a
20% prevalence of CIS in the contralateral testis. Furthermaore, they found that men presenting
before the age of 30 had a 34% prevalence of CIS. Dieckmann et af found a 18% risk of (IS in
men under the age of forty whom have a TGCT and a contralateral atrophic testicle [65]. If a
testicular biopsy is performed, it should contain at least 30 tubules to aflow the pathologist to
evaluate a representative part of the testicle. Berthelsen et al. proposed a 3x3x3mm biopsy as
an accurate biopsy size to detect CIS with considerable security if at least 10% of the tubules
contain CIS {66]. Dieckmann et al. proposed to take a two-sided biopsy which increased the
diagnostic yield with 18% [65]. The discordant result in this study predominantly occurred in
normal sized testis and not in the atrophic testis. Performing a two-sided biopsy in the latter
group should therefore be done reluctantly as this might lead to severe testicular damage and
dysfunction. We strongly recommend the use of immunchistochemistry for the evaluation of
testicular biopsies [67]. It is well known that CIS is difficult to identify in testicular biopsies.
Immunohistochemistry will provide an extra diagnostic yield in diagnosing CIS. In a recent
study, we confirmed earlier reports and found an extra diagnostic yieid of 20% in identifying
CI5 in biopsies form infertile males with immunchistochemistry using OCT3/4, PLAP and ¢-XIT
[68, 69]. OCT3/4 is currently the bast marker for CIS, seminomas and embryonal carcinomas
[13]. If a testicular biopsy is performed and CIS or TGCT is not present, no active follow-up
by an urologist is recommended, because the change of a false-negative result is minimal if
performed and evaluated correctly.

DISCUSSION

Th is associated with an increased risk of CIS and TGCT. However, this condition should not
be considerad premalignant, but it is rather a representation of rapid cefl turnover resulting in
microlithiasis as shown in a study with 131 specimens collected after orchiedectomy [17, 19].
The overalf incidence in subfertile populations lies around the 2.4 % (Table 1), this underscores
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that not all patients with TM will develop a TGCT as the risk for TGCT in subfertile males lies
around the 1%. This fits well in the testicular dysgenesis syndrome theory (TDS), as the pheno-
type of this syndrome ranges from infertility to TGCT, and although TM is a sign of TDS not all
will develop a TGCT. The relative higher prevalence numbet in the general population might be
explained by the study design of the mentioned studies. in contrast to most studies, Peterson
etal. conducted a prospective study in which the detection of TM was one of their main goals.
The other studies are mostly retrospective studies based on reports, which can lead to lower
prevalence numbers.

Although TM is associated with testicular dysfunction the amount of microliths is not a reli-
able indicator for the risk of tumor development {30, 39]. A difficult clinical situation occurs if
onhly one microlith is found. However, if other risk factors are present a testicular biopsy can be
performed. Because prospective data about the risk of CIS or TGCT in this specific subgroup is
facking we cannot make evidence based recommendation. The clinician should therefore make
a decision based on the risk factors present. At least the patient should be informed about the
risks and self-examination should be taught.

The role of TM in patients with testicular masses is in our opinion not of major importance as
this will not aid in making a diagnosis of the tumor, However, it plays a crucial role in predicting
formation of TGCTs and the presence of CIS in the contralateral testis [49, 50]. Unilateral TM in
contralateral testis after orchidectomy must be considered as a significant signal to consider
contralateral biopsy. It is clear that men with TM have an increased risk of developing a TGCT,
However, most men with isolated TM will not develop a TGCT [9, 701

The corner stone of any follow-up scheme should be self-examination of the testicle.
Although the benefit of self-examination remains unciear, it at least makes the patient aware of
potential syrmptoms of a TGCT. Hughe et al. recently showed & correlation between diagnostic
delay and stage and survival [61]. Ninety-one percent of these patients had scrotal complaints
of painless swelling, 2 change in testicular consistency or scrotal pain, This means that all TM
patients should be made aware of the symptoms accompanying testicular cancer and advised
to perform self-examination. Doing so men will discover testicular iumps earlier and potential
diagnostic delay may be brought down,

Many follow-up schedules are described using scrotal ultrasonography. It is calculated that
the costs of performing follow-up with ultrasound evaluation in all men with TM lies around
the 18-billion dollars per year [32]. Furthermore, it is debatable that performing regular scrotal
ultrasound will have any positive effect on mortality from TGCT as this reaches aimost 90 per-
cent with the current treatment maodalities. Therefore, routine scrotal US should not be used
for follow-up in men with TM until prospective studies have proven a significant benefit. We
believe that in patients with TM and signs of TDS a testicular biopsy should be considered. We
are aware of the limitations of an open testicular bicpsy, as false negative biopsies could occur
due to the non-uniform distribution of CIS [37, 671. We strongly advocate the use of OCT3/4
immunohistochemistry in all testicular biopsies.
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CONCLUSION

A wide variety in prevalence of TM is described in different populations due to different sample
size, composition, US and screening criteria. TM consists of a large heterogengous group and
must be considered a benign condition. It is seen in various benign and malignant processes.
Still, its association with TGCT is remarkably, and may be a very useful tool when screening
for TGCTs, especially in its pre-invasive stage, in specific risk groups. in view of its association
with cancer, regular self-examinaticn in all patients and testicular biopsy in a selected high-risk
group is advocated. Testicular biopsies should be considered if multiple factors representing
TDS, such as infertility, atraphic testes, undescended testes, are present,
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ABSTRACT

Carcinoma in Situ (CIS) of the testis, also referred to as Intratubular Germ Cell Neoplasia Unclas-
sified (ITGCNU) is currently accepted as the common precursor for alf malignant germ cell
tumors of adolescents and adults that is, the seminomatous and nonseminoma cancers, These
pre-invasive cells have specific cellular characteristics, which can be used for early diagnosis,
routinely done by morphological analysis, sometimes supported by immunohistochemistry, of
tissue obtained by an open surgical biopsy. False-negative biopsy results can occur mostly due
to either non-random distribution of ITGCNU within the testis, misdiagnosis or suboptimal tis-
sue treatment and analysis. In this article, we demonstrate the potential pitfalls in the diagnosis
of ITGCNU. The results support the use of the highly specific and sensitive immunohistochemi-
cal marker QCT3/4 for the diagnosis of [TGCNU and provide evidence for the non-random dis-

tribution of ITGCNU, which is a significant limitation in the diagnosis of this preinvasive lesion.
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INTRODUCTION

Testicular germ cell tumors {TGCTs) of adolescents and adults are the most frequent malignan-
cies in Caucasian males aged 20 to 34 years [421. The disease specific survival of TGCTs of men
diagnosed in Europe from 1990-1994 was 97% at 1 year and 93% at 5 years, the highest survival
rate for any malignant tumor in men [71]. Despite this high cure rate, the annual increase in
incidence of 2-5% is a major concern [72]. Twenty-three percent of the men presenting with a
TGCT have metastases and need radio- or chemotherapy with potentially serious side effects,
such as infertility [73].

TGCTs, including seminomas and non-seminemas, have carcinoma in situ {CIS), also known
as intratubular germ cell neoplasia unclassified (ITGCNUW), as common precursor. ITGCNY
develops into invasive malignancy in 70% of the cases in 7 years and presumably in all patients
over a longer period of time [4]. ITGCNU can be successfully treated with locai radiotherapy
or orchidectomy. Early treatment prevents progression from this lesion tc an invasive TGCT
and thereby cures the patient [4]. This avoids adjuvant chemotherapy or radiotherapy to the
retropetitoneum, and the risk of development of refractory disease. Therefore, efforts should
be made to diagnose TGCT at the pre-invasive stage. ITGCNU is routinely diagnosed by his-
tological analysis of tissue obtained by a surgical biopsy {66]. The identification of [TGCNU in
these testicular biopsies is based on morphology aided by immunohistochemical staining for
a number of specific markers, of which OCT3/4 [13, 741 is highly sensitive and specific [13]. The
percentage of false-negative biopsies is estimated as low as 0.5%. This is supposedly due to the
equal distribution of ITGCNU throughout the testis in the majority of patients {6]. However, a
growing number of studies and case reports show that ITGCNU may also be present as a focal
lesion in the testis and therefore might result in a false-negative conclusion [6].

In this article, we report a patient with infertility and bilateral testicular microlithiasis,
in whom ITGCNU and intratubular seminoma was initially missed in a surgical biopsy speci-
men fixed in buffered formalin, based on morphological criteria alone. However, histological
review, and application of immunochistochemistry for OCT3/4 showed the presence in the
original biopsy sample. Remarkably, subsequent bilateral open surgical biopsies were devoid
of ITGCNU. Based on the original observation based on OCT3/4 immurniohistachemistry orchi-
dectomy was performed. A careful pathological investigation of the removed testis confirmed
the heterogeneous distribution of ITGCNU.

CASE REPORT

A 30-year-old patient with primary infertility was referred to the Erasmus University Medlical
Center Rotterdam {Erasmus MC). The referring urologist had & months earlier performed
bilateral open surgical testicuiar biopsies, which were originally both classified as disorganized
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spermatogenesis with a Johnson score of 8 and no signs of malignancy. Endocrinological
and clinical evaluation at the Erasmus MC revealed hypergonadotrophic hypogonadism with
atrophic testes, with a FSH level of 64.1U/L (ref 2.0-7.0), LH of 27.2 U/L (ref 1.5-8.0), testosterone
of 7.6 nmol/l (ref 10-30) and inhibin-B level of 0 ng/l (ref 150-400). Semen analysis showed
azoospermia with a pH of 7.7 and a seminal volume of 6 ml.

Scrotal ultrasound was performed to measure testicular size, signs of epididymal obstruc-
tion and of testicular dysgenesis. It revealed bilateral small testes with a volume of only 4
cm? and several clustered microliths on both sides. No signs of obstruction were noticed. The
patient had no history of cryptorchidism. The levels of the serum tumor markers 3-human cho-
rion gonadothropin, a-fetoprotein and lactate dehydrogenase were normal. Because bilateral
microlithiasis is a risk factor for ITGCNU in males visiting the fertility clinic, as demonstrated by
us previously [9], the slides of the original testicular biopsies were revised, and immunohisto-
logical staining for OCT3/4 was done. The biopsy of the right testicle showed few tubules with
the typical histology of ITGCNU: a string of large cells with clear cytoplasm and a round nucleus
with conspicuous nucleoli located on the basement membrane and bordered by Sertoli cells at
the luminal side. In some tubules similar tumor cells completely filled the lumen accompanied
by few lymphocytes, thus rendering the picture typical for intratubular seminoma. In the sur-
rounding stromal tissue a mild lymphocyte infiltrate was present. The diagnosis of ITGCNU and
intratubular seminoma was confirmed by nuclear staining of the tumor cells for OCT3/4 (Figure
1). The quality of the biopsy from the left testis was insufficient for diagnosis.
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Figure 1. Histology of the open surgical biopsy of the right testis stained immunohistochemically
for OCT3/4, demonstrating nuclear staining intratubular seminoma (1.25 x). (Inset) Higher power of
intratubular seminoma (40 x).
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Seven month after the initial biopsy repeated ultrasonography at our Hospital, one month
after the first consultation, showed a new hypo-echoic lesion with a diameter of 3.0 mm x 1.5
mm in the left testicle. Because of the insufficient material of the first biopsy and the newly
observed hypo-echoic lesion it was decided to perform a second bilateral open surgical testicu-
lar biopsy. Both biopsies showed strongly impaired spermatogenesis but no signs of ITGCNU,
intratubular seminoma or an invasive TGCT, neither by morphological criteria nor by immuno-
histochemistry for OCT3/4. Because of the presence of ITGCNU and intratubular seminoma as
demonstrated in the first biopsy, it was decided to perform an inguinal orchidectomy of the
right testicle. Because no signs of malignancy were noted in the left testicle in the last biopsy
while the first was not informative, it was left in situ. The orchidectomy specimen showed an
atrophic testicle with fibrosed tubules. In seven out of the 11 sections taken from different parts
of the testis (see Figure 2), ITGCNU was present and some tubules showed intact spermato-
genesis. In one section indeed a small invasive seminoma was identified. The focal distribution
of ITGCNU is this patient explains the negative finding in the second random open surgical
biopsy. After orchidectomy the ITGCNU cells were microdissected for evaluation of the pres-
ence of the codon 816 ¢-KIT mutation, known to be associated with bilateral tumors [75]. No
mutation was detected. Computer tomographic scanning of the thorax and abdomen showed
no metastases. Because the tumor is therefore a clinical stage | seminoma, the patient was
treated with retroperitoneal irradiation. The left testicle will be checked with regular interval

using ultrasonography.

Figure 2. A) Testis parenchyma with normal aspect with 11 marked areas which represent the formalin
fixed (*) and snap frozen tissue samples. B) area 1%; Oct 3/4 staining (2.5x). Inset (40 x). C) area 4. Direct
alkaline phosphatase staining (1.25x). Inset (40x). Both sections demonstrate the presence of CIS/ITGCNU.

DISCUSSION

This case reportillustrates a number of clinically relevant issues. First, it shows that the diagnosis
of ITGCNU (and intratubular seminoma) can be missed by a general pathologist on a testicular
biopsy fixed in buffered formalin by morphological criteria alone. Second, the re-analysis based
on immunohistochemistry is informative to prevent underdiagnosis of ITGCNU. At our institute,
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OCT3/4 has proven to be the most robust marker for this purpose. The availability of mono-
clonal antibodies, proven to be specific and giving reproducible results, allows application of
this analysis in daily pathological clinical practice. Third, and possibly most important from
a clinical perspective, ITGCNU can be very unevenly distributed in a testis, which may result
in a negative finding using a randomly taken testicular open biopsy. Last, this article again
underscares our earlier observation that bilateral microlithiasis in infertile males is informative
in selecting males with an increased risk for the presence of ITGCNU. In contrast to our initial
study, this patient had no history of cryptorchidism, indicating that bilateral microlithiasis is of
value in this context even without the clinical observation of undescended testis, Because it is
not yet possible to detect ITGCNU with imaging techniques or serofogical methods, an open
surgical biopsy of 3 mm is currently the standard approach for diagnosis, reported with a small
risk of false-negative sampling. As demonstrated here, diagnosis of ITGCNU or intratubular
seminoma, may be difficult on standard (formalin-fixed, Hematoxyline-Eosine stained) histo-
logical slides for a general pathologist not experienced with the possible false negative findings
on biopsies. Based on these observations, we recommend that when a testicular biopsy is taken
from subfertife men to screen for the presence of ITGCNU, immunohistochemistry for OCT3/4
must he performed. This is even more highly recommended if the patient presents with bilat-
eral microlithiasis. In the literature it is claimed that a small number of ITGCNU cases are missed
due to technical or judgment errors, while the majority are due to focal, uneven distribution
of ITGCNU within the testicle [6]. Both reasons were combinad in the patient presented here.
ITGCNU was missed in the second randem biopsy of an atrophic testicle measuring a volume of
only 4 cm® because it may be focal even in the presence of an invasive tumor, in particular in the
case of seminoma. A plausible explanation is that the host response elicited by the seminoma
may eventually eradicate most of the ITGCNU in the adjacent parenchyma. This is supported
by the observation that testicular parenchyma adjacent to a non-seminoma usually shows a
more evenly distribution of ITGCNU [10]. Kliesch et al showed that in one quarter of the men
who underwent two biopsies of the same testis ITGCNU was found in only one biopsy and thus
could easily have been missed if only one biopsy had been performed {76]. A numhber of condi-
tions are known to predispose to [TGCNU, which are summarized in Table 1. In this perspective
it might be useful to take more than one biopsy from each testicle in patients with specific

Table 1; Risk factors (6, 9}

Contralateral tumor RR 24.8-27.6
History of undescended testes RR 3.5-17.1
Family history of TGCT RR 2.15-12.3
Subfertility RR 16-10.0
Bilateral microlithiasis RR 2.0-200
Atrophic testes RR 2.7-12.7
Ambiquous genitals CR 25%

RR= relative risk CR= cumulative risk
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risk factors for ITGCNU to improve diagnostic accuracy. If however, no ITGCNU is diagnosed, all
patients should at least be advised to perform self-investigation.

CONCLUSION

The case reported is a further example of the non-random distribution of ITGCNU. It further
emphasizes the need for specific immunohistochemical staining, using the OCT3/4 marker, on
testicular biopsies to improve ITGCNU diagnostics.
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ABSTRACT

Carcinoma in situ (CI5} is the common precursor of all type if testicular germ cell tumors (TGCTs),
i.e. seminemas and non-seminemas, which can be diagnosed using a surgical biopsy. The
objective of this study was to investigate the additional value of immunchistochemistry for
the diagnosis of CIS in assessing testicular biopsies taken in the context of infertility. A series
of 21 infertile patients were retrieved from the Dutch pathotogical database (PALGA}, being
diagnosed with an invasive TGCT, while a matched previously obtained testicular biopsy was
diagnosed as hon-malignant. From 20 patients, hoth the invasive tumors as well as the biopsies
were revised using morphology and immunohistochemistry for OCT34, placental-like alkaline
phosphatase and ¢-KIT, all known established markers for CIS. The presence of CIS or invasive
malignancies was scored. There are no interventions. Morphological criteria atone allowed an
experienced pathologist in TGCTs to diagnose CIS in five and an invasive tumor in two cases
{total n = 7, 35%). Application of immunohistochemistry resulted in the identification of an
additional four cases of CIS (total n = 11, 55%, additional value of 20%}. The initial correct diag-
nosis of CIS could have prevented a second gonadectomy in four patients (20%). This study,
for the first time, really shows that time of progression from CIS to seminema is longer than to
non-serminoma. Our study demonstrates that immunohistochemistry should be performed for
the diagnosis of CIS of the testls on single biopsies obtained because of infertility, resuiting in
an extra diagnostic yield of at least 20%. Application of this protocol wilt allow early diagnosis,
and therefore prevent any adverse anti-cancer treatment sequelae including gonadactory,
and requiring life long androgen supplementation in some patients.
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INTRODUCTION

Carcinoma In Situ (CIS), also referred to as Intratubular Germ Cell Necplasia Unclassified
(ITGCNU) is currently accepted as the precursor of all testicular germ cell tumors in adolescents
and young adults {TG(Ts) , .e., the seminomas and non-seminomas, which are also referred
te as type Il TGCTs [51. CIS represents the malignant counterpart of a primordial germ cell/
gonocyte, which develops during intra-uterine development. In spite of this early initiation,
the invasive TGCT manifests itself only after puberty. This means that there is a time window for
early diagnosis of this precursor of type I TGCTs, Patients diagnosed with CIS can be cured by
orchidectomy or by a low dose of testicular irradiation [79, 80] In the majority of cases testicular
irradiation does not interfere with testicular hormonali function [81].

individuals at risk for type | TGCTs, like those with infertility, may undergo testicular biopsies
perfarmed for determination of spermatogenic status. Patients also have biopsy perfermed
specifically for the diagrniosis of CIS, including patients with a contralateral TGCT, bilaterat
testicular microlithiasis, hypoechoic lesions found on testicular ultrascund and cryptorchidism
{79, 82). Although CIS is nearly always found in testicular parenchyma adjacent to an invasive
TGCT in orchidectomy specimens, it is reported that in testicular biopsies that do not contain
an invasive tumor, CI5 is missed in about 6.5 percent {10, 651.

Besides false negative diagnosis due to a heterogeneous distribution [83, 84], CIS can be
missed using standard haematoxylin and eosin (H & E} stained sections. The recent identifica-
tion of highly specific and sensitive markers has significantly increased the detection rate of
C!S. OCT3/4 (as known as POUSF1) is a good example in this context [12, 13]. OCT3/4 is present
in CIS, seminoma and embryonal carcinoma, showing a consistent and strong nuclear staining.
In contrast, no OCT3/4 staining is found in normal adult testis, which makes it specific for the
diagnosis of the pre-invasive stage of all TGCTs and false positive results do not occur. [1C].

To investigate if immunohistochemistry has additional value over standard morphcelogical
examination to diagnase CIS in testicular biopsies, even for an experienced pathologist, we
performed a unique study in patients with a type I TGCT, who previously had a testicular biopsy
performed in the same testis for infertility or testicular microlithiasis. These hiopsies were
initially diagnosed as not malignant, and re-evaluated hy an expert pathologist and comple-
mented with immunchistochemical staining. We also explored the economical benefits of the
implementation of OCT3/4 immunohistochemistry.

MATERIAL AND METHODS

Patient selection

Since 1971 a national pathology database (PALGA) has covered all {n = 70} academic and
non-academic pathology departments in the Netherlands, registering histopathology and
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cytopathology resuits, We performed a PALGA database search to identify patients who under-
went a testicular biopsy and developed a TGCT later in life. This initial screening resulted in 121
patients: pathology reports of the biopsies revealed twelve cases with CIS {10%j}, 88 invasive
TGCTs (73%; 55 seminomas and 33 nonseminomas) and 21 cases without malignancy fulfilling
our criteria. From the ten pathology departments involved, we were able fo collect the original
paraffin blocks from 20 of these 21 patients (95%), and the original slides from 13 (65%). One
patient for whom no pathological samples could be retrieved was excluded from the calcula-
tions. The indications for performing a testicular biopsy were recorded if this had been entered
in the pathological evaluation. Because of ethical restrictions related to privacy protection to
the use of data derived from PALGA, it was not possibie to obtain additional patient informa-
tion, other than that mentioned in the pathology report.

Immunohistochemistry & evaluation

Three micron thick tissue sections were cut of all the retrieved blocks and stained with Hae-
matoxylin and Eosin (H & E} and evaluated by a pathologist experienced in germ cell tumor
pathology (JW.G.). In addition, parallel sections were stained using immunohistochemistry
for OCT3/4, as well as ¢-KIT and placental-like alkaline phosphatase (PLAP), other established
markers for (IS, as previously described [10]. To assess if differences in staining pattern of
these markers we compared the immunohistochemically stained slides. The biopsy samples
were blinded prior to evaluation, and the presence of CIS was scored first on the H & E stained
sections and subsequently on the stained slides. CiS was morphologically defined as the pres-
ence of large atypical intratubular cells with large hyperchromatic nuclei containing several
prominent nucleoli. Moreover, CIS containing seminiferous tubules mostly show thickened
hasal laminae and reduced luminal size.

According to the recommendations of Holstein and Lauke, who stated that a reliable diag-
nosis could be made if more than 30 tubules were present in the biopsy, we counted the total
number of seminiferous tubuies to determine whether a reliable diagnosis could be made [85].
The orchidectomy specimens were diagnosed according to the 2004 WHO classification for
Testicular Germ Cell Tumors [86].

Costs

An exploratory cost-effectiveness analysis was performed to assess the costs and effects of
performing immunohistochemistry (i.e., OCT3/4) on testicular biopsies in daily practice. The
diagnosis of CIS based on a testicular biopsy cbtained in the context of infertility and subse-
quent treatment will prevent development of an invasive type Il TGCT, potentially leading to
cost reductions regarding testicular cancer treatment. The costs of the three main scenarios
invoived in the treatment of patients with type Il TGCTs were included. The first consists of
orchidectomy with an additional 5-year follow-up; the second of orchidectomy combined with
abdominal irradiation, and the third of orchidectomy followed by cisplatin-based standard
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chemotherapy. Literature analyses revealed that these treatment modalities are equally divided
among the type | TGCT patients [87]. The related costs were obtained from our university hos-
pital. These costs were compared with the costs related to treatment of CIS by local testicular
irradiation. The number of preventable invasive type Il TGCTs was calculated based on identi-
fied CIS on biopsies performed for infertility in our institution during the last five years. From
this cohort the number of preventable cancers was estimated from the extra diagnostic yield
of immunohistochemistry.

RESULTS

in 21 patients, initial merphological investigation of an H & E stained histological section of the
testicular biopsy performed in a routine pathology department revealed no CIS or an invasive
type It TGCT. However, all 21 individuals developed an invasive testicular cancer later in life,
as confirmed by orchidectomy specimen evaluation. The biopsies were performed between
1981 and 2003, of which the clinical indication is summarized in Table 1. The mean age at time
of biopsy was 29.1 years {range 16 to 36 years), 33.2 years (range 19 to 44 years} at time of
orchidectomy, and the mean timespan between the original biopsy and the orchidectomy was
52.4 months (range 9.3 to 156.5 months), Orchidectomy analysis demonstrated 13 seminomas,
six nonseminomas and tweo CIS only. The time to clinical presentation from CIS to an invasive
tumeor was 26 months in nonseminomas {median, range 9-78), 47 months for seminomas
{median, range 15-157), and 54 months for the patients with CIS-only in the orchidectomy
specimen {range 47-61, ). In spite of the limited number of cases the difference in time from CIS
to clinical presentation is of interest (Fig.1A,B).

The original slides used for initial diagnosis were obtained from 13 cases and the original
paraffin blocks from20 patients {for one patient no pathological material was available and was
therefore not included in the study). Because one block lacked residual material, the original
slides were obtained and one was immunohistochemically re-stained for OCT34. In line with
the original diagnosis of the orchidectomy specimen, re-evaluation showed 13 seminomas, six
nonseminomas, ene ClS-only and one burned out tumor with CIS in the adjacent parenchyma
(Table 1). Four patients had a history of unilateral TGCT, and in three of them, a biopsy has been
performed because of infertility.

Re-evaluation on the hasis of morphological examination using well defined chracateristics
(see materials and methods section) of the criginal slides or newly cut slides showed that
malignant cells were present in seven cut of the 20 patients (35%), that is,, five CIS (one of them
with a previous TGCT), and two invasive seminomas. Two other biopsies, were recognized as
suspicious for the presence of CIS, although it could not be diagnosed with certainty. Immu-
nohistochemistry was performed before coming te a definitive diagnosis (Fig. 2}. In addition
to the seven cases diagnosed on H & £ morphology alone, immunaohistochermistry for OCT3/4,
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not discordant

1 36 azoospermia F 38 bilaterat JS 8-9 no CIS* not discordant negative left, seminoma
2 32 bilaterat B 39 right ne CIS not discordant negative not discordant right,
crchidopexy hypospermatogenesis, embryonal
azoospermia some 5COS tubules, carcinoma with
lLeydig cell hyperplasia teratoma
3 31 orchidopexy, B 32 right Cls discordant positive net right,
infertility, S5COS with some discordant seminoma
oligospermia tubules containing
hypospermatogenesis
1523
4 35 azoospermia B 44 bitateral no CISs not discordant negative not discordant right,
hypospermatogenesis seminoma
5 28 right orchidopexy, B 39 bilateral J59-10 no CIS not discordant negative not discordant right,
azoospermia seminoma
6 27 infertility F 39 bilateral J5 3 CIS left + right discordant bilateral not discordant right,
positive serminoma
7 30 orchidectomy right,  B+F 33 3 biopsies performed First: no CIS first negative, discordant left, seminoma
chemotherapy afl three showed a Second:ino CIS  Second +third second
BEP + RPLKD, maturation arrest Third: ne CIS discordant positive,
azoospermia third positive
33 - F 34 bilateral JS 2-10 no IS * notdiscordant  Left positive discordant left: seminoma
28 azoospermia F 34 bilateral 5COS, severe Right, micro discordant  Right pesitive  not discordant right,
spermatogenesis arrest Invasive seminoma
seminoma
10 34 orchidopexy, B 37 biiateral oligospermia, no CIS not discordant negative not discordant  right, immature

azoospermia

atrophy, Leydig cell
hypoplasia

teratoma




11 29 bilateral testicular 29 bilateral J5 10 noCIS* not discordant negative not discordant  left, seminoma
micrelithiasis
12 28  orchidectomy right 31 left, s discordant positive not discordant  {eft, seminoma
TGCT, infertility hypospermatogenesis,
leydig cell hyperplasia
13 24 TGCT 28 left: 30 % SCOS, suspect not discordant positive discordant left, seminoma
nonseminoma hypospermatogenesis,
right 4 year earlier, some tubules contain
Azoospermia spermatozoa
14 34 azoospermia 38 left}5 9 no C15 not discordant negative not discerdant  left, semincma
15 28 - 29 right, fibrosis, necrosis noCIS*® not discordant negative not discordant right, mixed
GCT EC+ yolk
53¢ tumor
16 3 infertility 34 bilateral 15 7 Cls discordant left negative, not discordant right,
right positive seminoma.
17 31 azoospermia, 36 left, Maturation arrest cs discordant positive not discordant left, CIS only
nomal
ganacotrophins
18 29 Infection 30 right, infection, suspicious nc material - right,
for sarcoidosis obtained nonseminoma
19 29 -No remaining 33 right, JS2 areas with JS no Cis not negative not right, burned
material in paraffin 67 discordant discordant out seminoma
block. +CIS
20 16 right TGCT, 19 feft 1S 10 suspect not discardant positive discordant left,
teratoma, nonseminoma
21 21 - 21 Left, reactive connective nonsemMinoma discorcdant positive not discordant left,
tissue, no testis in this nanseminoma
biopsy + embryonal
carcinoma

15= Johnsen score ; SCOS= Sertoli cell only syndrome ; BEP= Bleomycin/Etoposide/Cisplatin ; RPRLND=Retroperitoneal Lymph Node Dissection ; F=formalin, B= Bouin’s
fixative; * No sufficient bicpsy material, i.e,, at least 30 seminiferous tubules present, was available.
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Figure 1: Kaplan Meier curves showing time from biopsy to clinical presentation. A) Time to clinical
presentation in the complete group (n=21). B) Time to progression in the patient in whom during the
re-evaluation malignancy was found (n=11). In one patient the orchidectomy specimen showed CIS only,
and this patient was included in the seminoma group.

Figure 2. A) Histology of an open surgical biopsy of the testis stained with H & E (25X) (patient no. 7, Table
1). It was identified as suspected, but not proven to contain CIS; B) Higher power of suspected lesion (H &
E 100x); C) Higher power of suspected lesion (H & E 400x).

D) Histology of the same biopsy stained immunohistochemically positive for OCT3/4 (25X). The region
with positive cell is indicted in the square; E) Higher power image of suspected lesion (OCT3/4, 200x});
Only three tubules contained OCT3/4 positive cells (Brown); F) PLAP immunohistochemistry (200x) of the
same region, confirming the presence of CIS cells (Red).

PLAP and c-KIT identified four more cases of CIS (in total: 11 out of 20, 55%). These included
the two cases identified as suspected for CIS (Figure 3). Four men had a history of TGCT in the
contralateral testicle. In all 13 cases, no discrepancies were seen between the diagnoses made

on the original slides and the diagnoses made based on the newly cut slides from the matched
paraffin block.
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Figure 3: Flowdiagram showing biopsy outcome according to type of evaluation.

For unknown reasons one patient {no. 7, Table 1) had undergone three successive biopsies
within a period of 18 months. On the basis of the B & E stained sections no CIS was identified,
both originally and upon review, but immunohistochemistry demaenstrated CIS in the last two

biopsies, although not recognized before. In four cases (patients no. 1, 8, 11, and 15, Table 1)
who all underwent bilaterai biopsies, the biopsy samples were negative for CIS on H & E evalu-
ation and contained less than 30 tubules. Therefore, these biopsies are in principle not eligible
for diagnosis, because of the risk of false negative findings. However, immunochistochemical
staining revealed CIS in one patient {(no. 8). Immunochistochemistry was thus able to correctly
diagnose CISin 10 out of the 16 biopsies in which a reliable diagnosis could be made.

Overall, Bouin fixed biopsy specimen showed a weaker nuclear OCT3/4 staining than
formalin-fixated specimens, which was not found for ¢-KiT and PLAP. In spite of this weaker
staining intensity, no CIS was missed as compared to the ¢-KIT and PLAP staining.

During the last 5 years within our institute a total of 158 testicular biopsies in the context
of infertility were taken, of which 10 {6.3%) contained (i$ using immunohistochemistry for
Q(CT3/4. Based on the additional value of OCT3/4 immunohistochemistry for the diagnosis of
CiS (see above, i.e., 20%), evaluation of only H & E stained tissue sections would have under
diagnosed two cases. The costs for the three treatment regimens for type || TGCTs and follow-
up are summarized in table 2. The extra costs of performing OCT3/4 immunchistochemistry on
a single section was estimated as Eurc 13, resulting in Euro 2.054 for all 158 biopsies, Therefore,

Table 2: Estimated cost of TGCT treatment including 5-year foliowup, not including long-term effects

Orchidectomy

Orchidectomy with radiotherapy 9639
Orchidectomy with chemotherapy 15244
Average costs TGCT treatment 9855
CiS treatment {Local irradiation) 7149
Costs immunohistochemistry 1027
Average cist CIS diagnosis + treatment 8176

TGCT, testicular germ cetl tumor; CIS, carcinoma in situ
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the average extra cost per OCT3/4-based screened CIS diagnosed patient was Euro 1.027. The
costs per patient for early diagnosis and treatment of CIS is than Euro 8.176, which is still Euro

1.679 lower than the average costs related to treatment of invasive cancer.

DISCUSSION

This study describes the additional value of immunohistochemistry for diagnosis of CIS in
testicular biopsies in a specific cohort of men with infertility. The findings support the earlier
epidemiologically based conciusion that CIS will always progress to an invasive tumor, and that
no spontaneous regression occurs [41]. Diagnosis of CIS is therefore an absolute indication
for treatment. This study demonstrates that evaluation of standard H & E stained sections of
testicular biopsy material results in underdiagnosis of CIS, even by a specialized pathologist,
and that the additional use of immunohistochemistry is mandatory.

in 1983, placental-like alkaline phosphatase (PLAP) was the first marker used in the detection
of seminomas. Since then, other markers such as c-KIT, AP ,-gamma and OCT3/4 have followed
[10, 88-901. Currently, OC¥3/4 is the most robust marker in TGCT diagnostics and 100% of the
CIS, seminoma and embryenal carcinoma cells show a strong nuclear staining. No false positive
results have been reported, and based on the biolegical function of OCT3/4 this is unlikely to
occur [12, 13]. This is in contrast to the application of PLAP, which is positive in 93-98%, and the
finding of only focal c-KIT positive staining patterns in CI5 [14, 911,

Qur study is based on a revision of testicular biopsies of 20 patients who developed a TGCT
after an initial CIS-negative biopsy. Because the development of a clinically manifest tumor is
the only method to prove that a biopsy is false-negative, follow-up data are crucial to accurately
define the extra diagnostic yield of immunchistochemistry of biopsy specimens. We have
shown that immunochistochemistry has at least a 20 percent extra diagnostic yield in this popu-
fation and therefore seems mandatory for any pathotogical laboratory. This percentage might
even be higher when biopsies are adequately taken as in 10 out of 16 of the biopsies with more
than 30 seminifercus tubules malignancy was found. It is known that the peak incidence in age
of nonseminomas is lower than that of seminomas. We describe, although in a small patient
population, a trend in difference in time to dinical presentation from CIS to seminomas and CIS
to nonsemincmas, which is seen in daily practice but is difficult to prospectively demonstrate
(Figure 2).

Immunohistochemical staining results are dependent on tissue fixation and standardized
protocols. Qur study found a weaker signal using the OCT3/4 marker in Bouin-fixated tissue
than in the specimens fixed in formalin. This is in contrast to a previous study, in which no effect
of the fixative on OCT3/4 immunchistochemistry was found, in case of limited fixation time
[13]. Although the time of fixation could not be retrieved from the PALGA database, the weaker
signal is most likely explained by the long Bouin's fixation of the samples included in the study
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described in this paper. Guidelines on the use of fixatives for testicular biopsies are contradic-
tory on the use of Bouin's fixative or formalin [79, 921. Stieve’s fixation might be an alternative,
although no such samples were included in this study. However, we observed previously no
significant changes with standardized fixatives of different origin for the detection of OCT3/4
by immunohistochemistry {10].

CIs was thought to be evenly distributed throughout the testis: a one single open surgi-
cal biopsy of at least 3 mm in diameter (with more than 30 tubules), would be sufficient for
diagnosis [85]. However, CIS can also be non-randomly distributed throughout the testis or
the parenchyma can be damaged during surgery which might result in false negative biopsy
results [83, 93], possibly limited by the use of two-sided biopsies [65]. in our cohort biopsies
from four patients contained fewer than 30 tubules and a reliable diagnosis could not be made.
However, OCT3/4 immunohistochemistry showed the presence of CIS in one of these biopsies.
The reascns for the 5 remaining negative biopsies out of the series of 20 cases (25%) are unclear.
This percentage is higher that in published series (0-5%) [65] showing the representative value
of a testicular biopsy to diagnose CIS. Potential explanations might be the selected group of
patients for this study (selection bias), orindeed a heterogeneous distribution of CiS. The cases
in which the biopsies lacked CIS were not the same patients who had undergone therapy for
a previous TGCY. Furthermore we show here that an experienced pathologist is able to find
more abnormatities, which advocates a centralized evaluation of testicular biopsies, This might
be explained by the low incidence of TGCTs, which might result in a reduction of pathologist
awarenass.

Disseminated TGCTs need treatment containing irradiation or chemotherapy, which may
have sevete long-term consequences. Moreover, chemotherapy will not always eradicate CIS
in the contra-lateral testis, resulting is possible development of a contralateral cancer, leading
to complete castraticn [94]. €IS is curable in almost 100% of the patients using a iow dose of
irradiation of the testis, although rare exceptions are reported [79]. Testicular irradiation eradi-
cates all germ cells, both nermai and malignant, but the effect on Leydig cell function is limited
[95]. The choice between irradiation and orchidectomy for the freatment of CIS depends on
the patient’s choice and concomitant factors as fertility preservation and pre-treatment hypo-
gonadism. in our study, four patients with a history of TGCT developed a contralateral tumoer
after a false-negative biopsy. In all cases, review of the initial biopsy showed the presence
of CIS. Treatment of CIS in these four patients with local radiation could have prevented the
second orchidectomy, definitive infertility and life-long treatment with androgens. At least one
of these four patients was also treated with chemotherapy, confirming that receiving chemo-
therapy (bleomycin/etoposide/cisplatin) does not always prevent against the development of
a contralateral cancer.

Recent studies have shown a prevalence of CIS in infertile men of 1- 5% [4, 96, 97]. We there-
fore believe that for infertile men who are subjected to testicular biopsies for the evaluation
of spermatogenesis not only the quality and quantity of spermatogenesis should be routinely
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checked but the presence of CIS should also be investigated. It is the responsibility of the refer-
ring physician to accurately judge the risk for CIS, and to inform the pathologist of the risk
factors in a particular patient. Subsequently, it is the responsibility of the pathologist to apply
the best diagnostic procedure, preferentially including immunohistochemical staining.

The cost-effectiveness analysis suggested a cost reduction from the use of OCT3/4 immu-
nohistochemistry of approximately Euro 1.500 per additicnally found patient. Although not at
all complete, it illustrates the potential health care profit when OCT3/4 is used routinely on all
testicular biopsies in daily practice, especially in the context of infertility.

The design of this study has some limitations, including absence of clinical data related to
treatment modality, survival and quality of life. This prevents a firm conclusion on the benefit of
diagnosing CIS in the initial biopsy. Howevey, it can be concluded that the implementation of
immunohistochemistry is most-likely cost effective, and improves quality of patient care, and
should therefore be used as standard diagnostic practice.
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ABSTRACT

Objective: Carcinoma in situ (CiS) is accepted as the precursor of the germ cell tumors of the
adult testis. CIS cells are located within the seminiferous tubules and can be exfoliated into
semen. We performed a study to detect CIS cells in semen using the highly specific immunohis-
tochemical marker OCT3/4, potentially a method for noninvasive diagnosis.

Material and methods: In 2006, 41 men at risk for CIS of the testis were found eligible for this
study. Indications for inclusions were a suspicious lesion on scrotal ultrasound investigation (n
= 14), patients on surveil- lance after a history of a testicular tumaor (n = 14}, and 13 patients with
bilateral testicutar microlithiasis (TM).

Results; Three of thel3 men (23%)whounderwenttesticularbiopsiesfor bilateral TM were
histologically diagnosed with CIS {two bifateral), and their semen showed OCT3/4-positive celis
in all cases. Twelve of the 14 patients {86%) with a solid mass were diagnosed with a TGCT with
adjacent CIS in the parenchyma, and in 9 cases (75%) OCT3/4-positive cells were present in the
semen. No OCT3/4-positive cells were found in patients with biopsies who did not show any
evidence of malignancy.

Conclusion: This study demonstrates that OCT3/4-positive cells can be found in semen
from the majority of patients with CIS. The observaticns indicate that there is probably a time
window in which the CIS cells are exfoliated, which gives an opportunity for early detection of
€IS cells in semen of men at risk for TGCT.
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INTRODUCTION

Testicular germ cell tumors of adults (TGCTs), seminomas and nonseminomas (also known as
type Il GCTs)[98], account for 1-2% of all malignancies in men. Although the disease is uncom-
mon an annual rise in incidence is observed in most Western countries [40, 72, 98, 991. In the
Netherlands a 5% annual increase was found between 1990 and 2005 [100]. Carcinoma in situ
(CIS) is accepted as the precursor of TGCT [5, 101]. CIS cells originate from primordial stem cells
or gonocytes that escape normal development at an early point during intrauterine develop-
ment [102]. These CIS cells start to proliferate during puberty, presumably after a raise in sex
hormone levels. Patients with CIS of the testis will develop testicular cancer within 5 years in
50% and probably all patients will develop testicular cancer ultimately [4]. CIS is frequently
found in the adjacent parenchyma of TGCTs [10]. CIS cells are located inside the seminiferous
tubules at the basal membrane, in the niche of the spermatogonia, but they can leave their
original location and spill over into the lumen. In addition, CIS cells can show a pagetoid spread

to neighbouring tubules, the rete testis [103] and even epididymus (see Figure 1).

b 4

Fig 1: Post orchidectomy specimen showing distinct OCT3/4 positive cells (stained red) in the
epididymal lumen.

In view of this, it is plausible that CIS cells are exfoliated in semen, as are spermatozoa. CIS is
present in the testis long before a tumor develops and may be used for screening purposes in
men at risk for TGCT, specifically in men with fertility problems (0.6%), testicular microlithiasis
(20%) and men who were treated for TGCT, and those at risk for a contralateral tumor (5%)[9,
63, 771. Type Il TGCTs are highly sensitive to treatment, which is also true for CIS [4, 104]. This
allows early local treatment, preserving hormonal function in most cases[81]. Ever since it was
established that CIS is the precursor of TGCTs efforts have been made to detect CIS cells in
semen. The use of semen for detection of neoplastic cells in patients with testicular cancer was
already suggested by Czaplicki in 1987 [105] and Giwercman in 1988 [106]. Different methods
such as Fluorescent in situ hybridization [107], immunohistochemistry using Ap-2 gamma and
PLAP [7, 108, 109] and immunohistochemistry with magnetic beads using the M2A antibody

49



Chapter 6

u
(=]

[110] proved to be unsuccessful or too laborious. In contrast to the markers mentioned above
OCT3/4 is a very robust nuclear marker that has proven to be an absolute and specific marker
for CIS, seminoma and embryonal carcinoma in testicular tissue and is now used as a standard
marker in diagnosing CIS and TGCTs [12, 13, 74] (see Figure 2A). Our goal of this pilot study was
to develop a reliable staining method. Moreover, we tried to evaluate the use of the OCT3/4
marker for early detection of CIS cells in semen of patients with known risk factors for CIS or
TGCT.
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Fig 2 (A): Seminiferous tubule with Carcinoma In Situ stained with the OCT3/4 marker (Brown).(B+C):

Microscopic slides of semen showing spermatozoa and OCT3/4 positive cells from 2 patients diagnosed
with a TGCT.

PATIENTS AND METHODS

Patient selection

The Institutional Ethics Committee approved this study and all participants gave written
informed consent (code MEC-2005-282).

In this pilot study we selected, based on ultrasound evaluation, patients who were at risk of
harboring CIS in their testicles. Between January 2006 and January 2007 a total of 42 patients
and 15 controls were included (see Table 1 for group characteristics). Fourteen patients were
diagnosed with a testicular mass or ultrasound detected lesion suspect for malignancy; all
except 1 underwent unilateral inguinal orchidectomy. This latter patient underwent an open
testicular biopsy with frozen section analysis. No malignancy was found on frozen section,
and therefore no orchidectomy was performed. All orchidectomy patients were counseled
for semen cryopreservation and were asked to donate a semen sample for this study. In six
of the 14 orchidectomy patients we were able to obtain a complete semen sample before
orchidectomy. Eight out of the 14 orchidectomy patients only donated a residual part of at
least 0,3 ml after the majority was cryopreserved for future fertility treatments. Also, patients
who were diagnosed with testicular microcalcifications (TM), during analysis for male infertility,
candidates for testicular biopsies were asked to participate. A total of 13 men with bilateral
TM and bilateral testicular biopsy were included and all donated a complete semen sample.
Fourteen post-orchidectomy patients were included. These patients were either diagnosed

with a marker relapse (n=12) during their active surveillance protocol or were informed about
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Table I: Oct3/4 staining resulis listed by diagnosis,

Diagnosis

it s g stelning
Suspect for having a 14 4 seminoma? 2/4 (50%)
TGCT 4 nonsemingmas® 4/4 {100%)

2 combined tumors? 2/2 {100%)

1 Leydig cell tumor 0

2 testis containing C15 with a

burned out tumor 289 1/2 (50%)

1 Sertoli cell only 28.0 0
Post -orchidectomy 14 11 nonseminomas 26.3 0

3 combined tumors 24.8 0
Bilateral testicular i3 3 CIS {2 bitateral) 34.4 3{100%)
microcalcifications 10 No malignancy 340 0
Control aroup 15 Not available - 0
Total 56 15 CIS containing testis 12/15 (80%}

4 All testicular germ cel! tumors had CIS in the adjacent parenchyma

this study by their physician who requested participation {n=2}. None of these patients had
testicular abnormalities on clinical examination or ultrasound. Moreover, 15 normospermic
patients from the Andrology clinic with no known risk factors for TGCT were used as negative

controls. All semen samples were produced by masturbation.

Methods

The testicular biopsies and the orchidectomy specimens were examined using standard
protocols for the detection of TGCT and S, The semen samples were aloud to fiquefy after
preduction and thereafter dissolved in 10% phosphate buffered formalin for one hour. In one
patient who underwent a bilateral orchidectomy the left testicle showed a spermatocele, which
content was aspirated and used for the detection of OCT3/4 positive cells. At least 0,3 mi semen
was obtained if the patient participated. After fixation the samples were centrifuged for 20
minutes with 1600 G where after the pellet is resuspended in phosphate buffered saline and
vibrated, using an automatic shaker, to make a single celi solution. Cytospins of this suspen-
sion were made on a strong adhesive microscope slide (Starfrost®©) and were dried overnight.
Immunohistachemistry with monocional anti-OCT3/4 (POU5F1, Santa Cruz sc-10, s¢-5279) anti-
bodies was performed on the formalin fixed semen samples as described earlier{13]. After the
first 15 patients we modified our last staining step by converting from a 3-diaminobenzidine
Tetrahydrochloride (DAB, brown) to a 3-amino-9-ethylcarbazole (AEC, red} reaction to increase
the contrast between the QCT3/4 positive cells and the spermatozoa and lower the background
staining. No differences in cell morphology were seen between these technigues. As a positive
control microscope slides were used with OCT3/4 positive cells from an established TGCT cell
line (NT2){111]. The micrascope slides were biinded and evaluated separately by two individu-
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als and were scored positive if a distinct nuclear staining was seen in large ceils with large nuclet

and clearly recognizable cytoplasm. Doubtful staining was scored negative.

RESULTS

Three out of the 13 men (23%) who underwent testicular biopsies for TM were diagnosed with
CIS, which in 2 of the cases was hilateral. The 14 orchidectomy specimens showed a seminoma
in 4 patients {of which 1 was bilateral}, nonseminoma in 4 patients, a combined tumor {contain-
ing both a seminoma and a nonseminoma component in a single tumaor) in 2 patients. In 2
testicles CIS was found next to a burned out tumor. In one patient who had a suspicious intra-
testicular hypoechogenic lesion an open testicular biopsy was performed and immediately
stained with a direct alkaline phosphatase staining method [112]. Histopathological evaluation
of this sample showed a Sertoli cell only (SCO) pattern. No CIS or malignant compenent was
found and therefore no orchidectomy was performed. One orchidectomy specimen showed a
Leydig cell tumor.

All orchidectomy specimens containing a TGCT showed CIS in the tissue adjacent to the
tumor. In 12 out of the 15 patients {8G%) harboring CIS at the time of semen donation OCT3/4
positive cells were found in the semen sample (Table I}. Two out of the three negative patients
were diagnosed with a seminoma. OCT3/4 positive cells were seen with distinct CtS morphol-
ogy as shown in Figure 2B+C.

The number of OCT3/4 positive cells ranged from 1 to >10 per sample. No correlation
was found between the extensiveness of CIS in the testis or ejaculate volume and number of
exfoliated CIS cells. I patients with bitateral CIS who donated at least two total ejacuiates
OCT3/4 positive cells could be found in most successive samples. Patient characteristics, and a
comparison between the OCT3/4 antibody staining of semen and the histopathologicat find-
ings are shown in Table 1.

In the patient with the bilateral seminoma only OCT3/4 positive cells could be found in the
aspirated spermatocele and not in the semen sample. No OCT3/4 positive cells were found in
the patients who had no histelogical proven abnormalities of the testis nor did we find OCT3/4
positive cells in the semen samples from the post orchidectemy group. Mean age of the three
patients in which no OCT3/4 positive celt were found in the semen although proven TGCT was
higher compared to the patients in which OCT3/4 positive cells were seen, respectively 35.8
versus 28.4 (p=0.067). Maan age in the seminoma patients with or without OCT3/4 positive
cells were respectively 26.8 versus 40.9 years (P=0.12),
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DISCUSSION

CIS is an asymptomatic condition that can be found in testicular biopsies in infertile patient
with risk factors for TGCT or in patients with abnormal findings on ultrasound examination [4].
A testicular biopsy is still the gold standard in diagnosing CIS with a false-negative percentage
of 0.5%, and recently it is even suggested to take a two-site biopsy to increase the diagnostic
yield [11]. Although it is a very sensitive diagnostic test, it is reported that CIS cells are not
always randomly distributed, explaining false negative test-results in some cases (931 Since
the discovery of exfoliated CIS cells in semen in 1988 [106], a great deal of effort has been put
in finding a method to detect these cells in patients at risk for TGCTs [110, 113). A non-invasive
detection method would be helpful to a certain extend [13].

In this study we were able to detect OCT3/4 positive cells in semen from all CIS bearing
patients. This specific patient group may benefit from early detection.

Although other studies as well as our own study have shown that CIS cells can be detected in
semen there are still a number of pitfalls. Malignant cells from the invasive tumor are not likely
to be exfoliated due to the predominant intact architecture of the seminiferous tubules. The pri-
mary location of the CIS cells beneath the tight junctions of the Sertoli celis may prevent spread
in the first stage before proliferation has started. These is probably a time window between
the early stage of CIS and the time the tumor cbstructs the tubules in which the CIS cells are
being exfoliated. Also the impact of the change in environment on cell morphoiogy of (IS cells
passing through the male genital tract may prevent proper detection. in the third place, with
this technique the natural surrounding, in which the CIS celis are easily recognizable, is lacking
making a positive identification mere difficult and totally dependent of immunohistochemis-
try and cell morphology. In our study all patients showed recognizable CIS celis stained with
the OCT3/4 marker (Figure 2B+C). The use of immunohistochemistty to detect the IS cells,
although it is highly specific, should be performed using a standardized method. Expertise
to perform these staining techniques accurately to avoid false negative resuits is, therefore, of
major importance. Moreover, the specificity of the antibodies used must be confirmed, and a
standardized method for immunchistochemical detection must be applied, including proper
positive and negative controls. Hoei-Hansen et al reported a diagnostic rate for the detection
of CIS cells in semen from men diagnosed with CIS only of the testis, using AP,-gamma of 50%
and 0% for OCT3/4 [7]. They were however not able to compare these techniques as they
have not stained the same slides for AP,-gamma as well as OCT3/4. Also possible sub-optimal
immunohistochemical detection of OCT3/4 might be related to the published limitation. They
also described three false-positive results were seminatl fluid showed borderline AP,-gamma
stained cells. A subsequently performed testicular biopsy failed to confirm this diagnosis. We
did not encounter any false-positive result using the OCT3/4 marker. Although we did not
have pathological examination of the controls, no abnormalities were seen on ultrasound or
clinical investigation, making the change of an existing TGCT very small [114]. All three cases,
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in which no OCT3/4 cells were found in the gjaculate, showed severe fibrotic tubules poten-
tially hampering exfoliation of CIS cells. The incidence of pagetoid spread of Ci5 cells in the
rete testis differs between patients with seminoma and non-seminoma, with less pagetoid CIS
involvement in the seminoma group {103]. Patients with a seminoma often have an extensive
host response, less CiS and more atrophic tubules [10]. This lymphocytic infiltration may even
result in a complete eradication of CIS in seminoma patients [10, 1151, Seminoma patients
are in general older than non-seminoma patients and the risk of any of these factors inhibit-
ing exfoliation is increased. In our study semen from two patients {50%) with seminomas did
not show any OCT3/4 positive cells in comparison in all patients with non seminomas OCT3/4
positive cells were seen. A similar tendency was seen in the study of Hoei-Hansen et al in which
they saw a significant difference in positive ceils exfoliated between seminoma (17,4%) and
non-seminoma patients {56,6%) [7]. Age {and histclogy of the tumor) might therefore play
an important role in the exfoliation of CIS cells, with a higher change of finding these cells in
patients at young age.

The purpose of this study was to try to detect CIS cells in semen espedially to diagnose CIS
before an overt tumor has developed. Although TGCT is a highly curable disease the potential
long-term side effects of the treatment protocols used are numerous and severe. Long-term
side effects will occur in approximately 20-30% and consist mainly of nephrotoxicity, ototoxic-
ity, neurotoxicity and gonadal damage [116]. CIS can be treated with orchidectomy or local
radiotherapy with a curability rate reaching 100%, thus preventing potentiai hazardous chemo-
therapy in case CiS is left untreated and a testicular tumor develops. In this study two patients
had bilateral CIS and were advised to undergo bilateral radiation therapy. However, in case
of infertility couples may choose to have artificial reproductive technigues performed before
radiation treatment is performed. The third patient with unilateral CIS underwent an inguinal
orchidectomy to prevent the potential scatter radiation on the contra lateral testicle in case of
radiation therapy.

The combination of the peak-incidence of TGCTs, the long-term presence and exfoliation
of CIS cells and well known risk factors may provide a setting in which screening could be use-
ful. Also the relative high incidence (5%) of patients with TGCT occurring in the contralateral
testis underscores the need for close follow-up and early detection in this specific group {1171,
Patients visiting a fertility clinic have a 20-fold greater incidence of testicular germ cell cancer
than fertile men and IS is found in approximately 0.6% and couid therefore be a population
who couid benefit from screening [64] . In addition, infertile males with bilateral TM, who have
approximately a 20 percent chance of harboring CIS, might specifically profit from this tech-
nigque [9]. Due to the relative low incidence, the high number of patients at risk and the overall
good survival in case of TGCT this test should be easy to use, cheap, highly specific and sensitive
to make it cost-effectiveness, We are aware that the numbers in our study are relative small
en the results presentad here are therefore preliminary. Future research will focus on a more
specific enrichment of the CIS cells, integrating an automatic screening tool for the detection
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of OCT3/4 positive cells, increasing the numbers to substantiate our results and make a cost-
benefit analysis and perhaps finding treatments that eradicate CIS while preserving remaining

spermatogenesis.
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ABSTRALT

Male patients diagnosed with cancer are often referred for semen cryopreserva- tion before
gonadotoxic treatment but often have low semen quality. The aim of this study was to evaluate
which type of cancer affects gonadal function and proposes a risk factor for low pre-treatment
semen quality. Between January 1983 and August 2006, 764 male cancer patients were referred
for semen cryo- preservation prior 10 chemotherapy and radiotherapy. We compared semen
characteristics and reproductive hormones between different groups of cancer patients. in
addition, we evaluated the role of tumour markers in patients with testicular germ-cell tumours
(TGCT) on fertility. Abnormal semen parameters were found in 489 men (64%) befcre cancer
treatment. Patients with TGCT and extragenadal germ-cell tumours had significantly lower
sperm concentra- tions and inhibin B levels than all other patient groups. No semen could be
banked in 93 patients {12.2%). Eight hundred and thirty-nine of 927 (90%) produced semen
samples were adequate for cryopreservation. Inhibin B in all groups showed to be the best
predictor of semen quality. Although pre-treat- ment raised tumour markers were associated
with a decrease in inhibin B and increased follicle stimulating hormone, both predictive for low
semen quality; no direct linear association could ke found between raised beta-HCG, alfa-feto-
protein and semen guality. Only 13 of cancer patients had normal semen parameters prior to
cancer treatment. Patients with TGCT and extragonadal GCT have the highest risk for impaired
saemen quality and gonadal dysfunction at the time of semen cryopreservation.
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INTRODUCTION

Survival rates of young male cancer patients have improved substantially during the last
decades because of to improved anti-cancer treatment modalities and early detection. Post-
treatment quality of life has become an important issue in the management of men with,
testicular cancer, Hodgkin's lymphoma and leukemia, the commonest malignancies in patients
of reproductive age. Therapy for these malignancies may consists of aggressive chemotherapy
and radiotherapy and is accompanied by unwanted side effects, such as infertility and sexual
problems. Especially the potential sterilizing effects of these treatment regimes are of major
concern for young patients. This depends on the type and amount of cytotoxic agents used.
The only established method to secure the potentiai reproductive capacity is cryopreservation
of sperm[118]. If the patient wants to father a child after surviving cancer and gonadotoxic
treatment has resuited in spermatogenic failure, banked semen can be used for artificial repro-
ductive technigues (ART), usually in vitro fertilization (IVF) and intra cytoplasmatic sperm injec-
tion {ICSY). The number of pregnancies obtained with IVF and ICSI using cryopreserved semen
average around 24% for IVF and 33%for IC51 {118, 119]. About 10% of the patients will eventu-
ally use their frozen semen [118]. Since the introduction of ICS], even low numbers of motile
spermatozoa may be sufficient for successful treatment and should be cryopreserved. It may
be important to know in advance which cancer patients are at risk for impaired pre-treatment
semen quality because defective spermatozea are more vulnerable to the freezing process
and this may negatively influence the outcome of ART in the future. So far, clinicat diagnosis
itself has not shown to be a predictor of the deleterious effects of the cryopreservation process
on sperm quality [120]. In male cancer patients systemic and local effects of the cancer can
influence the pre-treatment fertility, although the precise mechanism has not yet been totally
clarified [1211. In this study, we evaluated semen parameters and reproductive hormones from
male cancer patients referred for semen cryopreservation at our fertility clinic. Furthermore,
we assessed if symptoms associated with advanced disease such as fever, night sweats, fatique
and weight loss influences sperm quality. With this study, we aim to assess the potential fertifity
impairing effect of different types of cancer before cancer treatment and evaluate which cancer
patients are at the highest risk of having diminished gonadal function prior to therapy.

MATERIAL AND METHODS

Between January 1983 and Auqust 2006, 764 male cancer patients were referred to the
Andrology clinic for semen cryopreservation. All patients were referred hefore receiving any
gonadotoxic treatment. From ail patients diagnosis was reported and a short history was
taken concerning potential fertility impairing problems. Symptoms associated with advanced
disease including weight loss, recent episodes of fever, night sweats or fatigue were recorded.
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Semen was produced by masturbation in a private room and if desired visual erotic stimulation
was available. Abstinence time was not standard noted in our patients. After collection of the
semen sample volume, total sperm count (x10%), sperm concentration (x10%/mL}, progres-
sive sperm motility (%) and morphology (% normal forms} were evaluated according to the
guidelines of the World health Qrganization (WHOQ) laboratory manual for the examination of
human semen valid at time of evaluation [122]. The protocols for sperm concentration and
motility measurement are comparable for the different manuals. Reference values for sperm
concentration are more than 20 x10%/ml and for progressive motility more than 50% [1221.
Semen samples were found suitable for cryopreservation if motile spermatozoa were present,
A second semen collection and cryopreservation procedure was offered if time was available
before cytotoxic treatment was started. Peripheral blood samples were obtained as part of the
diagnostic procedures for analysis of reproductive hormones, including luteinizing hormone
(LH), follicle stimulating hormone (FSH), inhibin B and testosterane [123]. All serum samples

were collected within 3 months prior to the date of semen cryopreservation and before inva-
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Fig 1: Number of men referred for semen cryopreservation according to year of referral,

sive gonadotoxic anticancer treatment. Reference values were for LH 3-10 U/, for FSH 3-8 U/l
for Inhibin B 150-400 ng/| and for testostercne 10-30 nmol/l [124]. In the patients diagnosed



Table 1: Patient characteristics according to diagnosis. Ali numbers are given in median and range.
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35
269{138 23 17 35 38 117 3.9 15.0
Total 764 (313 35 21 0.1-
cta (313) 56.9) (0-15} (0-749) ©1282) {089 (1-351)  (0-128) ;3 g (06633

* groups in which Inhibin B levels were significantly lower than all other groups without * {P<G.05).
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with TGCT levels of beta-HCG {ref 0-1.9 1U/1}, alfa-fetoprotein (AFP, ref 0-9microg/l) and Lactacte
dehydrogenase (LDH, ref 0-449 U/) were measured.

For statistical analysis, SPSS 16.0 was used (SPSS inc, Chicage, IIl): p-values lower than 0.05
were considered significant. Values are depicted as median to correct for the distorting effect of
cutliers in combination with the minimum and maximum level. Non-parametric analyses were
used if the distribution was not normal and the Mann-Whitney-U-test was used to compare
different groups. Correlations were calculated using the spearman’s coefficient, due to the non-
normal distribertion of the hormone values,

RESULTS

Seven hundred sixty-four male patients had a median age of 26.9 years, range 13.8-56.9. The
number of patients referred substantially increased during the last years {Fig 1). The majority of
patients were diagnosed with a testicular germ celf tumor {n=292, 38%) or Hodgkin lymphoma
{n=173, 23%, Table 1). Semen characteristics for the complete group were as follows; median
spermatozoa concentration 20x10%/ml (range 0-749), total sperm count 39.6x10° (range
0-1282), sperm volume 2.4 ml (range 0.1-10.8) and progressive motility 39.0% (range 0-80}.
Semen characteristics and hormone evaluation per diagnoses are listed in table |. Patients with
testicular germ celt tumors (TGCT} and extragonadal-germ-cell tumers (extragonadal GCT)
showed a significant lower sperm concentration than the other patients (p<0.05). Cnly 330
{36%), of the 914 semen sampiles, showed sperm concentrations in the normal range {above
20x10%/mi). In the men diagnosed with TGCT and extragonadal GCT only 28 and 10 percent
respectively had normal sperm concentrations.

Seventy-four patients {9.7%]) provided 78 semen samples, in which no spermatozoa could
be found (n=61) or no motile spermatozoa were found {n=13). In these patients cryopreserva-
tion was not possible, A total number of 19 patients (2.5%) faited to produce a semen sample
due 1o severe illness or stress. The 671 patients who succeeded to provide a semen sample
proeduced 839 semen samples.

Seventy-four patients were diagnosed with an azoospermia of which 38.5 percent were
diagnosed with a TGCT compared to 15.4 percent with Hodgkin Lymphoma (HL) 15.4 percent
with non-Hodgkin-Lymphoma {(NHL} and 14.1 percent with a hematological malignancy. Inter-
estingly, only one out of the 17 patients with an extragonadal germ-cell tumor was diagnosed
with an azoospermia.

In 313 patients a hormonal evaluation and semen preservation was performed, in 262 men
(84%) this was done at the same day of semen cryopreservation. Median serum levels for the
complete cohort were: FSH 3.9 U/l Inhibin B 117 ng/l, LH 3.5 U/l and testosterone 15 nmol/i
{(Table 1). One hundred ninety-four (61%j} patients had Inthibin B levels below normal, 65 patients
{2196) had an increased FSH level. inhibin B was the only marker, that significantly correlated
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Table 2: Tumour markers and fertility markers accarding to known or unknown pre-orchidectomy tumour
markers,

TGCT patients 3.0 17.8 29

with known pre- {1-312}  (0-51.8) {0.1-23.8) {1-63.5) (0.5-8.0)

orchidectomy tumour

markers

TGCT patients with 73 7.3 34 15.1 2.4 21 42
unknown pre- 8-248) (0128} {0.1-17.5)  (0.6-335)  {04-72) {0.2-308) (8-82)
orchidectomy tumour

markers

Correlation of pre-
orchidectomy tumaour

markers

Aifa-fetoprotein (AFP) -0.25 044"~ -0.367 0.37" 0.22 -0.16 -0.23
Beta-HCG -0.52” 0,737 -0.19 0.62" 0.15 0.03 -0.07
Lactacte -0.29" -019 -0.02 0.27 0.13 -0.01 -0.02
Dehydrogenase (LDH)

"P<0.05 Values are depicted as median and lower and upper range. Correlations are
“P<0.01

depicted between the pre-orchidectomy tumaour markers and fertility markers,

with pre-treatment sperm concentration (r=0.428, p=0.00001), for FSH these values were non-
significant {r=-0.105, p=0.072). In 85 patients with spermatozoa concentrations below 10 mil-
lion/ml enly 33 {(38%) had abnormal FSH tevels compared to 63 (74%]) with decreased Inhibin B
levels. Patients diagnosed with TGCTs, extragonadat GCTs and brain tumors showed significant
lower median levels of tnhibin B compared to patients diagnosed with HE, NHL, leukemia and
carcinomas {Fig 2). F5H was not statistically different between patient groups. In TGCT patients
in whom inhibin B was measured, 119 out of 127 men (34%j) had subnormal levels {<150ng/1}.
In the patients diagnosed with an extragonadal GCT no differences in fertility markers were
seen between the patients diagnosed with intracranial GCTs and the patients diagnosed with
retroperitoneal or mediastinal GCTs.

Of the men diagnosed with TGCTs 73 had a nonseminoma {499%), 52 a seminoma (35%), 22
a mixed germ cell tumor {15%;) and two CIS only {19). In 128 TGCT patients we were able to
coliect tumor markers and in 68 patients we were able to collect both pre-orchidectomy tumor
marker and reproductive harmones (Table 2). Although high beta-HCG levels were correlated
with a decrease in Inhibin B which is usually predictive for low semen guality, ro correlation was
found between beta-HCG and semen quality (Table 2).

fn 267 patients accompanying symptoms were noted at time of semen cryopreservation
(SCP}; 49 had febrile episodes before SCP, 48 stated to have night sweats, 61 complained of
fatigue and 56 had weight loss. Although, no correlation was found between these symptoms
and sperm concentration caution should be taken to interpretate these findings as these
symptoms were only noted in a small cohort. However, out of 20 patients in whom one of these
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symptoms was documented and no sperm could be cryopreserved eight patients (40%) had
febrile episodes compared to 38 out 242 (16%) in whom motile spermatozoa were seen. The
same trend was seen for fatigue, weight-loss and night sweats.

DISCUSSION

We present a large study, which clearly demonstrates that most male cancer patients referred
for semen cryopreservation are at increased risk for a diminished sperm quality. Almost two-
third of all semen samples were abnormal indicating that patients with cancer are at risk for an
impaired semen quality. In approximately 11 percent of the males we were unable to cryopre-
serve semen before gonadotoxic therapy due to absence of motile spermatozoa o failure to
produce and 64% of the semen samgples were abnormal according to the reference values of the
WHO guidelines for semen analysis. Only a minority of the men could not produce an ejaculate
due to severe illness and stress. In these patients, the use of a penile vibrator or an electro-
ejaculation under general anesthesia could be considered. However, the low semen quality in
male cancer patients should not withhold physicians to refer patients with cancer for SCP since
in approximately 90 percent semen could be preserved. Fortu- nately, we also demonstrate a
large increase in the num- ber of men referred in this time-period. As cancer diagnoses did not
increase proporticnally, the increase in referral can be attributed to an increase in SCP aware-
ness of the medical oncologists and prebably also of the patients. The success of new assisted
reproduction techiniques, such as intracytoplasmic sperm injection, probably plays a major role
in the referral pattern as only few motile spermatozoa are necessary for ICS! and success rates
are reasonable good [118].

We have measured reproductive hormones, inciuding inhibin B, and demonstrated a correla-
tion with low semen quality in patients before cancer treatment. Combining semen analysis
and hormonal evaluation, patients with TGCTs and extragonadal GCTs demonstrated signifi-
cantly decreased gonadal function as compared to the other patient groups. In contrast, to the
significant differences in Inhibin B no significant difference in FSH levels was seen between
TGCT patients and the patients diagnosed with other malignancies. Petersen already showed
that TGCT patients had lower Inhibin B levels than healthy controls but failed to show a differ-
ence between TGCT patients and ML patients in a smaller cohort {125]. Vigersky et al. found a
pituitary dysfunction in 11 HL patients, but we could not confirm these observations in a much
larger cohort of ML patients[126].

Patients with TGCTs without pre-orchidectomy raised tumor markers were still diagnosed
with lower levels of Inhibin B than the other patient groups. Jacobsen showed that declined
pre-orchidectomy sperm quality can recover after orchidectomy{127]. However, if an increased
FSH level was found before orchidectomy no recovery was noted. This indicates that not only
the endocrine effect of the testicular tumor itself but also a pre-existing gonadat dysfunction
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is present. An elevated FSH also indicates that the contralateral testicle has a diminished sper-
matogenesis. This was already histological demonstrated in testicular biopsies by Hoei-hansen
et al.: they found one or more signs of TDS in as much as 25.2% of the contralateral testicles in
men with TGCTs {45].

In our study no significant differences in FSH fevels were found between the patients diag-
nosed with germ cell tumors and those diagnosed with other forms of cancer in contrast with
Inhibin B levels which were significantly lower in the TGCT group. Inhibin B might be a better
marker to detect signs of testicular dysgenesis than FSH in male cancer patients.

Jacobsen et al recently showed in a large cehort study of 32.442 Danish men that low semen
quality is a risk factor for extragonadal-GCTs [8]. We can confirm these observations by dlearly
showing an impaired gonadal function in this group. Patients diagnosed with extragonadal-
GCTs had lower sperm concentrations and lower inhibin B levels than those patients with other
malignancies as seen in the TGCT group. TGCTs and extragonadal-GCTs probably arise from the
same primordial germ cell (PGC}, which, if normatly differentiated, provides the basis for normal
spermatogenesis, A problem in normat differentiation might be the basis of extra-gonadal GCTs,
which might also explain the higher chance of diminished spermatogenesis in these patients.

Beta-HCG has a LH-like effect and therefore interferes with pituitary function leading to an
increase in testosterone (as shown in table 2) and estrogen levels which both have an inhibitory
effect on pituitary function. Although the effect of elevated beta-HCG and AFP might play a
partial rote in the decline of sperm quality, these elevated markers do not totally explain the
decrease in spermatogenesis and impaired semen guality is also found in patients with TGCT
without increased tumor markers.

Fever might be one of the causative factors resulting in decreased semen quality. Becently,
Carisen et al. demonstrated a decline in sperm concentration following fever [128]. Although
males presenting with fever, night sweats, fatique and weight foss had a slightly higher chance
of having azoospermia no statistically significant correlation could be found between these
symptoms and neither sperm parameters nor reproductive hormones.

CONCLUSIONS

Semen cryopreservation is possible in approximately 90% of referred men with cancer. A clear
decline in sperm quality is seen in most patients. Patients diagnosed with TGCTs and extrago-
nadal-GCTs are at increased risk of severe spermatogenic failure, which indicate a pre-existing
gonadal dysfunction. Increased levels of beta-HCG and AFP have an impact on reproductive

hormones, but the effect on spermatogenesis seems minimal.
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ABSTRACT

Study objective: To evaluate the feasibility of semen cryopreservation (SCP) in pubertal boys
before receiving gonadotoxic therapy and to identify which pre-treatment parameters might
predict successful cryopreservation.

Desigh: retrospective data analysis

Setting: Tertiary fertility centre/ Academic Children's hospital

Patients: Between 1995 and 2005, 80 boys (median age 16.6 year, range 13.7-18.9) consulted
the cutpatient clinic of Androfogy for SCP before a potential gonadotoxic treatment
Interventions: We assessed the pre-treatment semen parameters, hormone levels and patients
characteristics.

Main outcome measures: Measurement of the number of adolescents able to cryopreserve
semen.

Results: Thirteen boys failed to produce semen by masturbation. In 53 boys semen quality was
adequate for cryopreservation. In fourteen patients semen analysis did not show motile sper-
matozoa and therefore SCP could not be performed. Although Inhibin B showed a strong cor-
relation with sperm count {p<0.01), no significant difference was found in serum testosterone,
inhibin B, LH and FSH levels in the patients with or without successful sperm yield. Moreover,
median age was not different between patients with and without a successful sperm yield.
Conclusions: Semen cryopreservation in boys is a feasible method to preserve spermatozoa
before gonadotoxic therapy is started and should be offered to all pubertal boys despite their
young age. Serum hormone levels do not predict sperm yield.
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INTRODUCTION

During the last decades, mainly as a consequence of improved treatment efficacy, the overall
number of childhood cancer survivors has increased substantially[129]. Subsequently, long-
term sequelae after treatment of pediatric cancer have gained increasing interest. An impor-
tant potential long term side effect is infertility[130, 131]. Each type of cancer requires specific
therapy protocols that may be associated with impairment of gonadal function. Previous stud-
ies have shown that patients receiving agents with alkylating properties, such as Procarbazine,
Cyclophosphamide and Cisplatin and/or irradiation are at a high risk of fertility problems later
in life [132-134]. in general, rapidly dividing spermatogonia are maost susceptible for the toxic
effects of chemotherapy {133]. Moreover, immunosuppressive agents, used both in cancer
and in the treatment of non-malignant systemic diseases, may reduce male fertility [135].
Cryopreservation of spermatozoa is the only established method to enable future assisted
reproduction techniques (ART) if patients are rendered infertile after therapy. Currently, sperm
banking is routinely offered to adults whao are to receive potentially spermatotoxic therapy,
whereas pubertal boys may not benefit from sperm banking due to uncertainties about their

spermatogenesis and the ability to produce semen. However, cryopreservation of spermatozoa
seems to be usefu! from the onset of sperm production (spermarche). In individual cases, the
occurrence of spermarche, an mid-pubertal event, is difficult to predict due to a wide variety in
testicular size and secondary sex characteristics [136]. So far only few studies have described
semen cryopreservation in adolescents [137-141]. However, none of these studies examined
the role of serum hormone levels in predicting sperm yield and successful sperm cryopreserva-
tion. We evaluated the feasibility of semen cryopreservation in pubertal boys before receiving
gonadotoxic therapy and tried to identify whether serum hormone levels could predict a suc-
cessful sperm yield.

PATIENTS AND METHODS

We evaluated the results of semen analysis and endocrine serum markers in boys aged 13-18
years who were referred by the department of pediatric oncology for cryopreservation before
start of gonadotoxic therapy between December 1995 and Decemnber 2005. Information on age
at semen analysis, endocrine serum markers, type of disease, patient characteristics, treatment
regimes and follow-up data were obtained. Patients who previously received chemotherapy
were excluded. Semen cryopreservation was rendered successful if motile spermatozoa could
be banked potentially preserving the chance of fatherhood. The study protocol was approved
by the hospital medical ethical board and was performed in accordance with the Helsinki

agreement of 1975 on human experimentation.



Chapter 8

~
=]

Assessment of semen coliection and semen analysis

The pediatiic oncologist provided information on the possibility to cryopreserve spermatozoa,
before cytotoxic treatment was started. In principle, semen samples were coffected by mastur-
bation and alternatively by urine collection after retrograde- or electro-ejaculation. A physician
of the Andrology department counseled all patients and if desired, visual erotic stimulation
was provided. Patients with a retrograde ejaculation were catheterized and a buffer medium
was installed in the bladder for coilection of retrograde ejaculated sperm. After masturbation
urine was collected and motile spermatozoa, if present, were cryopreserved. After the coliec-
tion of semen volume, sperm count (x10%), sperm concentration {x10%/mL), progressive sperm
matility (%) and morphology (% normal forms) were evaluated according to the guidelines of
the WHO laboratory manual for the examination of human semen.[142, 143] Semen samples
were defined to be adequate for cryopreservation in any case where motile spermatozoa
were found, independent of concentration. A secend semen collection and cryopreservation
procedure was offered if motile spermatozoa were found in the first semen sample if time was
availabie before cytotoxic treatment was started. All patients, in whom semen could be banked,

signed an informed consent form concerning ownership and destination of the banked semen
in case of death.

Evaluation of endocrine hormone levels.

Peripheral blood samples were obtained as part of the diagnostic procedures for analysis of
serum hormone levels, including luteinizing hormone {LH), follicle stimulating hormone (FSH),
inhibin B, testosterone and sex hormone-binding globulin (SHBG) levels. Serum samples
were stored at ~30° Celsius untit analysis. Inhibin B was measured using kits purchased from
Serotec Ltd (Oxford, UK). Within-assay and between-assay coefficients of variation (CV) were
less than 9%, and less than 15%, respectively. Serum FSH and LH were determined with the
immulite assay (Diagnostic Products Corporation (DPC), Los Angeles, CA, USA). Within-assay
and between-assay CV were less than 6% and 9%, and less than 5% and 11% for FSH and LH,
respectively. Serum testosterone levels were determined using coated tube radioimmunoas-
says (DPC). Intra- and interassay variation coefficients were 3% and 4.5%. SHBG was determined
using an immulite assay {within and between-assay < 4% and < 7%).

Statistical analysis

For statistical analysis SPSS 11.5.0 was used {SPSS inc, Chicago, IIf). Correlations were assessed
using Pearson correlation. For group differences the independent t-test or the Mann-Whitney
U test was used according to the distribution of the variables according to the Kolmogorov-
Smirnov test. P values <0.05 were considered significant.
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RESULTS

Between 1995 and 2005 a total number of 80 boys (median age 16.6 year, range 13.7-18.9) were
referred to the Andrology outpatient clinic for semen crycpreservation prior to a potential fertil-
ity impairing treatment. Patient characteristics, sperm concentration, sperm motility, volume and

endocrinclogical evaluation at time of semen cryopreservation are listed by diagnosis in table 1.

Table 1: Age, serum hormene levels and sperm characteristics listed by diagnosis. Values are given in
median and standard error of the mean {.

Ewings 6 157 1205 57 10.6 3.2

sarcoma {0.6) (383} @0 (3.4) 0.9} (3.9 (5.6 0.8) (66.7%)
Ostepsarcoma 2 168 2570 2.1 169 1.6 35.5 35.0 0.8 2
0.9 {2.5} (15.0) 0.4) (100 %)
Mesenchymal 6 156 915 5.9 134 3.2 24 245 14 4
umour 0.7y (121 (1.8} {1.6) {0.7) (3.4 {7.4) {0.3) 166.7%)
Hodgkin's 20 163 141.0* 3. 11.7 23 12.0 29.5 08 14
Lyrmphoma {03y (22.3) (0.7 (1.8 {0.5) (5.1 3.9 {0.2) {70.0%})
NHL 8 174 1520* 29 2.8 34 59 20.5 1.0 [
(05 (269 {(1.2) 2.2 0.7)  (26.0) 13.9) 0.4 (75.0%)
ALL 7 172 1710% 12 1.8 3.1 62.0 320 18 6
(0.5 {204 {1.5) (1.3} 1.5 (B0.0) 3.7 10.2) (85.8%)
AML 3 173 1860% 40 12.8 38 12.5 33.0 23 1
04 {190} (19) 11.7) {12.5) 133.0) 0.1} {(33.3%;
AA/MDS 2 165 1595 6.0 124 3.1 7.8 26.0 3.9 1
(0.5} (119.5) (3.9) 6.1 (0.8} (5.2) (10.5) (1.2) {50.0%)
Autcimmune 4 173 154.0% 14 6.6 5.2 22 2.0 08 1
disease 0.7y (147) (3.5} (2.8) (3.8) (208 (3.5 0.2) {25.0%)
Testicular 15 170 850 Q.2 14.5 1.7 12.5 29.0 1.7 11
germ cell {¢.2) (1200 (1.6} {(3.9) {2.8)  (12.00 {5.2 {0.3) {73.3%)
tumour
Braim tumour 7 156 800 55 5.0 2.2 25 7.0 1.0 3
0.6y {29.6) (3.0} (1.3) 0.8) {4.8) {10.9) 0.2 (60.0%)
Others 2 159 1370 50 74 3.1 04 0 1.0 ¢l
(0.6) 10%)
Total 80 169 1300 29 12 2.8 9.1 260 1.0 53
0.1) (96} (06 {0.1) (0.5) (6.5 2n o.mn (66.3%)

NHL = Non Hodgkin lymphoma, ALL =Acute lymphoblastic leukemia, AML = Acute myeloid leukernia,
AA = Aplastic anemia, MDS = Myelodysplastic syndrome, Mesenchymal tumor group consist out of

2 rhabdomyosarcoma’s, 1 synoviai sarcoma, 1 sarcoma like hamangioma and 1 nerve sheet tumor,
Autoimmune disease group consists out of 2 wegener disease, 1systemic lupus erythromatosus

and 1 kidney transplant, brain tumors group consists out of 2 germinoma’s, 2 pineal tumaors, 2
medulicbastoma’s, 1 pylocytair astrocytoma the other group censists out of  carcinoma of the

nasophanrynx and 1 desmoglastic round cell tumor . * Inhibin B levels compared to the TGCT patients
P<0.05.
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Sixty-seven patients produced a total of 92 samgles of which 91 were obtained by mastur-
bation. Forty-seven patients produced only one sample before starting therapy whereas 19
patients produced two and cne patient three semen samples. Two patients had retrograde
ejaculations and delivered in total three urine samples after masturbation, of which only in
one the semen quaiity was sufficient for cryopreservation. In one patient electro-ejaculation,
under general anesthesia, was performed because the patient was unable to preduce a
semen sample by masturbation due 1o a tumor related neurotogical disorder, Thirteen out of
80 patients {16.3%), aged 13.9 to 18.7 years (median 16.7), initially failed to produce semen
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Fig I: Lines indicate median values, Mann-Whitney U test showed no significant difference between

the two groups. Semen samples were defined to be adequate f motile spermatozoa were found and
successively were banked,

by masturbation. The main reason for not being able to produce was that they were either
to ill or tired to produce a sperm sampte. Only one patient returned three days after the first
failed attempt and successfully produced an adeguate semen sample {volume 0.4 ml, sperm
concentration 174x10%/ml and 2% progressive motility). In the other 12 patients time did not
allow a second attempt and an electro-ejaculation procedure was not offered. Age at time of
masturbation of the patients who were capable or those who were incapable of producing a
semen sample was 17.1 versus 16.5 years (N5, p=0.13}, Fifty-three patients (66.7%) aged 13.7
to 18.9 year (median 17.0) produced adequate semen samples. These boys produced 71 semen
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Table 2: Serum hormone levels and sperm characteristics in different age groups. Values listed as median and
standard error of the mean {}.
Ag T e G -

oo/l

] : {%
13-14 3 38 2050 5.6(0.9) 1.3 18 110419

59.0{5.8) 17 2 (66.7%)

(300} 03 (0.1 (0.3)

1415 7 88 1120 4.4(2.5) 45 22 74(396) 125(54) 10  6(857%)
{200} (190 (21 {0.2)

15-16 15 188 1370 1350150 27 26 2728  130@1) 09  14(53.3%)
{27.3) (1.0) (05 0.2)

1617 19 238 1020 133070 29 22 36035  195(58) 12 13 (68.4%)
{20.1) (1.3) 1.8 {0.3)

1718 26 325 1360 11.501.7) 29 40 250(154) 270(338) 1.0  19(73.1%)
{13.6) 14 (1.0 ©3

1819 10 125 1139 13.3(4.9) 23 42 9715  33040) 18 9 (90%)
{28.4) 17 07 0.3

Total 80 1000 130.0(36)  12.0(1.0) 29 28 9165  260(21) 1.0 67(837%)
(06 (0.5) {©.1)

samples, which were subsequently cryopreserved. Fourteen patients (17.5%), aged 144 to 17.8
year (median 15.8), produced 21 insufficient semen samples of which 15 {71.4%} showed no
spermatozoa at all and 6 {28.6%) showed immotile spermatozoa only.

Endocrinological evaluation at time of cryopreservation was performed in 61 patients.
inhibin B was strongly correlated with sperm ¢oncentration (R=0.360, p<0.01). None of the
serum markers levels {Inhibin B, LH, FSH, testosterone) was different between patients with
and without adequate sperm yield {Fig 1). Because Tanner stage at time of diagnosis was only
documented in 16 patients no correlations about semen guality could be made. Testicular
volume was not measured at time of diaghosis.

Patients with acute iymphoblastic leukemia (ALL} produced higher sperm concentrations, as
compared to patients with solid tumors, brain tumors, Hodgkin lymphoma (HL), acute myeloid
leukemia (AML) and autoimmune diseases p<0.05 (table1), Testicular germ cell tumor (TGCT)
patients had significantly lower levels of inhibin B than patients with HL, ALL, AML and auto-
immune diseases (table 1). Median age at diagnosis was not different between the different
diagnosis groups (table 1).

Median follow-up time of the complete group was 3.4 years (range 0.8- 14.0) and median
age at follow-up was 20.7 years (range 16.2-32.3). Twelve out of the 80 patients (15%) died
during this follow-up after a median time spam of 1.3 years {range 0.4-7.2). Of these 12 patients
only five had banked semen successfuily. Until time of evaluation none of the patients applied
for an assisted repraduction technigue (ART) with the cryopreserved semen. Ten boys returned
to the andrology clinic after a median follow-up time of 1.1 year (range 0.4-2.9} to evaluate
their post treatment semen quality. Semen analysis in four of them {2 with sarcoma, 2 with
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HL) showed an azoospermia whereas in the others (2 with HL, T with AML, 3 with TGCT) motite
spermatozoa were found.

DISCUSSION

Our study indicates that semen cryopreservation is feasible to secure the potential to father
a child in two-third of these pubertal boys, in the age range from 13 years on. Reproductive
potential may not be the major concern for young boys with cancer or a systemic disease. Usu-
ally, there is not much time to discuss sperm banking because treatment needs to be started
soon after diagnosis. However, cryopreservation is currently the only established method
allowing the possibility to produce offspring should they survive their disease and remain
infertile after therapy [144]. Therefore, raising the issue of potential infertility and possibility of
semen cryepreservation, with the purpose to preserve fertility in later life should be part of the
information given by the pediatric oncologist/hematologist to teenagers at diagnosis. Gins-
berg et al. showed in a somawhat older adolescent patient population that discussing semen
cryopreservation within 1 week of diagnosis was accepted by the majority of patients[1411.

in this cochort of boys no semen could be cryopreserved due to failure to masturbate in 13
out of 80 patients and the absence of motile spermatozoa in 14. The cause of pre-treatment oli-
gospermia is not always clear, but a direct tumor effect, congenital predisposition or endocrine
disruption may be factors involved [1451. The high level of distress during disease and the stress
of producing semen in a hospital may alse cause an impairment of semen guality, as weli as
ejaculatory problems {146, 147]. If it is oncological safe to postpone treatment clinician’s should
attermpt to obtain multiple semen samples to preserve sufficient spermatozoa for future use.
The assistance of a trained oncolegy nurse or nurse-practitioner in explaining the procedure
and accompanying the patient to the Andrology clinic, to diminish the stress of tatking about
masturbation in presence of the parents, should therefore be considered [148]. Edge et al.
investigated the level of understanding the need for banking sperm in young boys and found
that this level to be high with an average score of 7.2 cut of 10 [149].

In our study patients with ALL had significant better sperm concentrations as compared to
the other patient groups {fig f}. This finding was not reported in other studies repotting pre-
treatment semen quality {19, 137, 150]. These differences might be explained by symptoms,
such as fever or weight loss, which accompany malignant disease. Also the inter-individuat dif-
ferences in pubertal stage and age can cause differences in sperm quality between these patient
groups. Compared to the study of Bahadur et al. we did not find a significant difference in sperm
concentration between AML patients as compared to patients with other malignancies. This
discordance might be explained by the difference in patient age between these our study and
theirs (respectively 17.2 versus 14.3 years. However it should be stressed that in both studies the
number of AML patients was small and these results should be confirmed in larger series.
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Inhibin B is currently the best marker for spermatogenesis and can be used to assess gonadal
function [123, 151]. Although inhibin B levels showed a significantly positive correlation with
sperm concentration a cut off point for successful semen cryopreservation could not be found.
Although patients with TGCT had significantly lower levels of inhibin B than the patients with
other malignancies, the sperm concentrations did net differ significantly. it is not known what
could explain the lower pre-treatment levels of Inhibin B. In this cohort it is unknown in what
proportion the testicular dysgenesis syndrome, which in severe cases predisposes to TGCT, and
in which the genadal function and fertility is already diminished before diagnosis [51] plays a role.

The youngest boy who produced an adequate semen sample was 13 years of age. Age is
not a predictive factor for successful spermatogenesis, but there is a trend towards a relation
with successful semen cryopreservation (p=0.06). We advocate that all boys from 12-13 years of
age, who are about to undergo gonadotoxic treatment, should be offered semen cryopreserva-
tion whenever they have at least entered the first phases of pubertal development. The group
aged 13 to 14 years had low Testosterone levels but normal to high Inhibin B levels. This can be
explained by the fact that Inhibin B levels increase after Tanner stage G1P1 and testosterone
levels start to increase after Tanner stage G2P2 {152]. These boys might therefore just have
entered the early phases of pubertal development.

Sexual activity should be discussed before referring boys for cryopreservation to assess the
possibility of collection of semen through masturbaticon. If the patient is unable or sexually
immature or when attempts to produce semen by masturbation have failed other options
should be discussed{153]. Vibratory stimulation and electroejaculation (EEJ), under total
anesthesia, have proven to be a successful technique to collect semen in patients with ejacula-
tion disorders due to various eticlogies [153]. Two studies reported the use of penile vibratory
stimulation or £EJ in adolescents before anti cancer therapy [153, 1541. So far, a total of 8 pedi-
atric patients have been reported in which semen could be collected which contained motile
spermatozoa and in which cryopreservation was feasible. EEJ seems to be an adequate option
if masturbation fails. Recently, it became clear from questionnaires that the motivation from
parents and patients for this procedure in these circumstances is very high. [155]. Recently, we
performed our first electro-gjaculation in a 13 year old boy whit Hodgkin Lymphoma, who was
not sexually mature enough to masturbate. We obtained motile spermatozoa and were able to
freeze 2 straws. This data was not included in this study. In our study 13 (16.3%) patients were
unable to produce semen by masturbation, mainly due to their medical condition. From other
studies we know that masturbation failure rates in adolescents is as high as 8.9 -13.9 % which
is similar to our results (16.3%) [137, 138, 149]. It should be underscored that the number of
boys being unable to produce semen is probably underestimated since a number of patients
decline from being referred for semen cryopreservation through masturbation. This indicates
that the proportion of boys that might benefit of £EJ may even be higher. The possible role of
performing a testicular sperm extraction (TESE) or freezing non-motile spermatozoa still is a
point of discussion.
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Intra-cytoplasmic sperm injection (ICSI) allows couples to achieve pragnancy even with very
low numbers of motile spermatozoa and therefore cryopreservation of any amount of motile
spermatozoa is indicated [156]. As ICSI is also being performed with non-motile spermatozoa
the clinical availability and outcome of this invasive techniques in these young patients
should be investigated[157]. In our clinic the use of banked semen for ART is around the
percent {unpublished data). Pregnancy rates after iCS| treatment with cryopreserved semen
are reported to be as high as 34.7 percent per cycie [158]. Due to the young age and the relative
short follow-up period so far, none of the inciuded patients in this study requested the use
of the banked semen for ART as yet. In the near future long term follow up data of ART after
cryopreservation will become available in these childhood cancer survivors.
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ABSTRACT

Objective: To assess the utilization rate and ART outcome of cryopreserved semen of cancer
patients with an average follow-up of 7 year (range 2-23).

Design: retrospective data analysis.

Setting: University-affiliated Andrology and Reproduction center.

Patients: 629 male cancer patients who were referred for SCP between 1983 and 2004.
interventions: Review of patient characteristics and ART cutcome.

Main outcome measures: Utilization rate and live births using cryopreserved semen.

Results: A total of 749 semen samples from 557 men were preserved. Ninety-one patients died
during follow-up and another 29 requesied disposal. Forty-two patients requested the use of
their banked semen. ART data were available in 37 patients. A total of 101 ART cycles (32 IVF,
53 ICSI, 9 cryo-ET, 7 IUl) were performed resulting in respectively 8, 16, 2 and 1 pregnancies.
Pregnancies rates for IVF and ICSI were significantly higher than those for 1UL

Conclusion: So far, 7.5 percent of the cancer survivors have used his banked semen, which fed
to life births in 49 % of the couples. Semen cryopreservation is a reliable method to preserve
the fertility potential and gives couples a reasonable change of achieving parenthood.
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INTRODUCTION

Survival rates for patients with malignancies have steadily increased during the last decades,
due to the use of multi-drug regimens. These treatment protocols may have deleterious effects
on testicular and ovarian function. Mate and female cancer patients are at risk of becoming
infertile from cancer therapy [132]. The chance for repreduction after chemotherapy is difficult
te predict, due to many contributing factors and wide inter-individual variance [145]. The only
established method to secure fertility in male cancer patients before gonadotoxic therapy is
semen cryopreservation (SCP), which in time can be used for assisted reproduction techniques
{ART). Before the “IVF/ intracytoplasmatic sperm injection {ICSI) era’, cryopreserved semen
was only used for intra-uterine inseminations {IUl) and the first successful human pregnancy
using banked semen was achieved in 1953 [159]. However, because of the deleterious effects
of the freezing and thawing of the semen, the post-thaw quality was often not good enough
for IUI [160]. The introduction of new sophisticated ART during the last decades such as in vitro
fertilization {IVF} and ICSi overcame these severe sperm concentration and motility problems
[156, 161]. These techniques provided patients, who banked semen and were infertile after
treatment, with a reasonable chance of conception [162].

Although the total number of patients referred to our clinic for sperm banking is steadily
increasing, the awareness of most oncologists of this subject is still insufficient. Several reports
described the lacking knowledge of oncelogists about assisted reproduction techniques [163-
165]1. The success rates of IVF and ICS| treatments using cryopreserved semen are currently
almost as high as using fresh semen [166, 167]. The use rate of cryopreserved semen differs
widely between the different studies. Only few studies reported on the utilization rate of
cryopreserved semen in combination with ART outcome of large oncological patient cohorts
using these new techniques {Table 1}. In this retrospective study, we report the use rates of
cryopreserved semen and subsequent ART outcome from a large cohort of 629 male cancer
patients presenting for SCP in a university Hospital. With this study, we intend to inform medical
specialists about the wutilization and success rates and convince them to discuss SCP with all of

their patients that are at risk of becoming infertile.

MATERIAL AND METHQODS

We evaluated patient characteristics, type of cancer, use of the cryopreserved semen and ART
cutcome of all male cancer patients, who banked semen between 1983 and December 2004 at
the Erasmus Medical Center, Rotterdam, the Netherlands. From a total of 907 patients counseled
for SCP, 629 were referred for sperm banking prior to receiving a potential gonadotoxic therapy.
After producing their semen sample, all male patients were counseled by a physician of the

department of Andrology. Semen samples were cryopreserved if motile spermatozoa were
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found. Simultaneously, type of disease and a short history was noted. When a gonadotoxic
treatment could be delayed, patients were advised to return for subsequent donations. Patients
were advised to return to our andrology clinic at least 6 months after treatment to evaluate
sperm production. Spermatogenesis recovery was scored positive if motile spermatozoa were
seen in a post treatment sperm analysis. If patients were at least twe years in remission and
proven to be infertile sperm could be used for ART in our fertility clinic.

Cryopreservation

Semen was obtained by masturbation and was evaluated according to the WHO guidedines for
semen analysis valid at that time [142]. The ejaculate was cryopreserved if motile spermatozoa
were sean independent of concentration. After diluting the semen sample with cryoprotectant
{Orange Medical, Tilburg, the Netherlands) the samples were cocled and stored i aliquots in
liquid nitrogen vapour. All patients signed an informed consent form concerning ownership
and destination of the banked semen in case of death.

Assisted reproduction techniques

Couples requesting fertility treatment were evaluated regarding a naticnally approved fertil-
ity protocol, in which menstrual cycle abnormalities and tubal patency were included for the
woman. Depending on the amount and guality of the semen cryopreserved, 1UI, IVF or IVF-ICS]
was considered. Beside the semen amount available, reqular criteria were used (female age,
cycle abnormality, tubal patency) to decide which form of ART was appropriate.

Intrauterine inserminations were performed in the natural menstrual cycle. Detection of
ovulation was established by a LH-urine test {Ovulady, Clindia bv., Leusden, The Netherlands). A
single insemination was performed the day after a positive test,

IVF, whether or not comhined with 1CSI, was initiated using a standard long agonist sup-
pression protocol with 150 IU recombinant follicle-stimulating hormone (FSH; Gonal-F, Serono
Benelux bv, Amsterdam, The Netherlands or Puregon, NV. Organon, Oss, The Netherlands),
after Gonadotropin Releasing Hormone (GnRH)-agonist {Decapeptyl, Ferring by, Hoofddorp,
The Netherlands) down-regulation. When at least 3 follicles > 16 mm were present, 10.000 1U
of human choerionic gonadotropin (hCG, Pregnyl, Organon, Oss, The Netherlands) was injected
subcutaneously. Ovum pick-up was performed 36 haours later. Embryos were transferred 3 days
after oocyte pick-up. Luteal phase support was started on the day of oocyte pick up.

Statistical analysis

Data concerning the partner, oocyt retrieval, oocyt implantation and pregnancy outcome
were recovered from the electronic database from the department of Reproduction Medicine.
Patient and sperm characteristics are expressed as mean and standard error of the mean (SEM)
or median and range if there was a non normal distribution. Statistical analysis was performed
using the statistical package for the social sciences (P55 11.5, Chicago).
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RESULTS

Six-hundred and twenty-nine patients were referred for sperm banking before gonadotoxic
therapy. Referrals greatly increased after 1993 from 15 patients to more than 80 per year in
2004. Median age was 27 years (range 14-57 years). The median follow-up time after semen
cryopreservation was 7 years (range 2 - 24 years), at which the median age was 34 years {range
18-66 years). Patients were diagnosed with testicular germ cell tumors {TGCT, n=236}, Hodgkin
lymphomas (HL, n=143}, non Hodgkin iymphomas (NHL, n=81), sarcomas (n=31}, carcinomas
{n=28}, acute myeloid leukemias (AML, N=26), acute lymphoid leukemias (ALL, n=30), brain
tumaors (n=18}) , chronic lymphoid feukemia (n=4), chronic myeloid feukemia (n=10), hema-
tological malignancies other than mentioned above (n=11), extragonadai germ celf tumors
{n=8} one melanoma and two schwannomas. A total of 749 semen samples were produced
ranging from 1-5 samples per patient. Seventeen patients (2.7%) were unable t¢ preduce a
semen sample and in 55 (8.7%) patients the semen sample provided, did not contain motile
spermatozoa and therefore was not suitable for cryopreservation. We were able to preserve
semen in 557 patients (88.6%). Semen characteristics at time of semen cryopreservation for
the complete group were; median concentration 17.5 million/ml {range 0-749 million/ml);
median progressive motility 38.5 % {range 0-89%); median volume 2.4 mi (range 0 - 10.8 ml).
Men diagnosed with testicular cancer or extragonadal germ cell tumors had significantly lass
spermatozoa per semen sample compared to other patients {p<0.01, table 2).

Table 2. Semen characteristics by diagnosis

Hematotogical malignancies 239 (8, 22017 17.0(53.0) 34 (20

) !
Brain tumors 289(10. 2,2(1.8) 42,0 (181.4} 60 (27)
Carcinoma’s 360(11. 25(1.8) 42,0 {38.8) 39(20)
Extragonadal germ cell tumors 30,3 (6. 24113} 13.0113.8) 17 (25)
Hodgkin lymphoma's 25,5 20(1.7) 20,0 (44.6) 37 (20)
Non Hodgkin lymphoma's 284 2,5(1.7) 36,0 (64.5) 32(16)
Sarcoma’s 22,3 1.9 0143 30,0 (58.2) 36 (186)
Testicular germ cell tumors 27.3 26(1.7) 9,0 {344 41 {20)
Total 26,8 (7. 4) 2,3(1.7) 17,0 (56.4) 38 (20)
* p<0.07

Values are median (sd).

Use rate

Out of the total group of 557 men with cryopreserved semen 218 {39%;) returned for semen
analysis after cancer treatment. Motile spermatozoa were found in 155 (71.1%) out of the 218
men, of which 20 men reported a spontaneous pregnancy. Data on post treatment spontane-
ous pregrancies was not siructurally obtained from the compiete group. During follow-up 91
{14.3%) patients died from recurrent or persistent malignancy or therapy related complications
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witheut using their banked semen. The median time span between cryopreservation and
death was 1.3 years {range 0-14 years, median 1.3). Twenty-nine patients requested disposal of
their cryopreserved semen. Within this group eight did so, after returning for semen analysis,
which showed motile spermatozoa in seven and azoospermia in one. Three out of the 29 men
reported a spontaneous pregnancy.

Of the 557 patients who banked semen 42 (7.5%) patients requested the use of the banked
sperm after a mean time of 57 months {range 15-130 months}. Post ireatment semen analysis
showed an azoospermia in all 42 men. Nine patients requested to take their banked semen to
anocther fertility clinic of which five were lost to follow-up.

Assisted reproduction outcome

The remaining 37 patients all underwent ART, of which, 33 patients were treated in our hospital.
The mean age of the female partners at time of the assisted reproduction technique was 32
years (range 21-40 years). These 37 couples had a total of 101 ART cycles; 7 IUl cycles, which
resulted in one pregnancy (14.3%;; 32 IVF cycles, resulting in 8 pregnancies (25.0%), 53 cycles
of ICS}, resulting in 16 pregnandies (30.1%) and 9 cryopreserved embryo transfers (ET) resuit-
ing in 2 pregnancies (22.2%; table 3). A total of 25 children were born: 19 singletons, 3 twins.
Two couples are currently awaiting a child. Mean age between the females who did or did not
achieve a pregnancy was not significantly different, respectively 32,1 versus 32.3 years {p=0.86).

Table 3, ART characteristics per treatment.

: Gk SBrozen BT
Neo. of cycles 32 53 9
Age female years 305+3.9 34.0%£4.1 28.1+4.5
No. of oocytes 342 395
{mean, rangs) (10.7,1-26) (7.6, 0-25) i )
No. 2-pronuclear oocytes 128 236
(mean fertilization rate) (42,49} {57.8%) i ]
No, fertilisation failures 9(28.1%) 5 (9 4%) 3(333%) i
lcycles)

Embrye transfers 0 10 6 3

1 6 20 2
2 16 27 4 -

{Mean +sd) 1.2 +0.9 1407 1.1+09
Mo. transferred embryos 37 74 10 -
No. clinical pregnancies 8/32 (25.0%) 16/53 (30.1%)} 2(22.2%) 1(14.3%)
No. Live births (total} 8 15 1 1
Singletons 8 9 1 1
Twins G 3 0 0
EUG 0 1 8] 0
Early abortion o] 1 1 0
Active Pregnancies 0 2 0 0
Pregnancies per number of 1 3 160%) 5 (25%) 0 (0%)

embryo’s transferred 2 5(31%) 11 (40.7%) 2 (50%)
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All eight pregnancies resulting from IVF treatments, four cycles in which two embryos
were transferred, were singletons. Three out of the 27 ICSI cycles, in which 2 embryos were
transferred, resulted in twin pregnancies. Gne ICSI treatment resuited in an ectopic pregnancy.
Eighteen out of the 37 partners achieved at least one live birth with the use of cryopreserved
semen and two patients are currenty awaiting a child, Thus, resulting in a success percentage,
with two couples currently awaiting a child, of at least 54%. Four patients had two successive
pregnancies using banked semen. In a total of 20 cycles (11 IVF, six ICSl and three cryotransfers)
we were unable to transfer an embryo. In only one case this was due to the absence of motile
spermatozoa after thawing. The other failures were either due to fertilisation failures, ovarian
stimulation failures or bacterial infection of the culture dish. Three cryopreserved embryos did
not survive freezing and were not transferred after thawing. Thirty-three patients out of the 37
patients still have semen banked, which can be used for future treatment. Mean storage time
between the couples who did achieve pregnancy and those who did not was respectively 4.7
and 4.8 years (p=0.87). No correlation was found between the storage time and pregnancy rate.

DISCUSSION

This study reports on the utilization rate of cryopreserved semen and ART outcome of a large
cohort of cancer patients from one semen bank in an university Hospital. To our knowledge
this is one of the largest studies and the fongest follow-up reported on the use and outcome
of cryopreserved semen. Few single centre studies have reported on utilization rates as well as
ART outcome using sophisticated techniques, such as IVF and ICS, using cryopreserved semen
(See table 1). Schmidt et al. recently reported the ART outcome of a large cohort of men with
malignant disease, however, they also included men in which spermatogenesis was recoverad
and ART was performed using fresh semen[158].

In our opinion the usefulness of sperm banking is primarily measured by analyzing the
number of children born and number of males achieving fatherhood using the banked semen.
These are in essence the main goals for which men bank their semen. During the last years new
assisted reproduction techniques have substantially increased chances of becoming father
using cryopreserved semen [156, 175, 176]. Male cancer patients might have an impaired pre-
treatment semen quality but this certainly should not rule out sperm hanking, since with 1CS}
only a few motile spermatozoa are needed {162, 177]. Our study reports on an average success
rate of achieving parenthood using cryopreserved semen of at least 54% (Table 1). This success
rate differs widely between studies ranging from 33 to 73 percent (Table 1). Failure to achieve a
pregnancy using the cryopreserved semen after treatment is a devastating outcorne and must
therefore be discussed prior to the SCP procedure, Patients have to be informed that post-thaw
quality cannot be predicted and usually 50-75% of the spermatozoa will not survive freezing.
In our study longer storage time did not correlate with lower pregnancy rates. Secondly the
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female partner may have fertility problems leading to a poor response when stimulated. Freez-
ing of spermatozoa may also affect fertitization potential. In our study fertilization failures were
more often seen in IVF cycles. Two females did not respond to the hormonal treatments, which
rasulted in an early discontinuation of IVF procedure.

Post-cancer quality of life studies revealed male infertility as one of the most devastating
long-term side effects of anticancer therapy [132]. As cancer survival has increased largely dur-
ing the ast decades, oncologists are more aware now of the long-term quality of life. It is our
respensibility to inform the oncologist about the new possibilities in fertifity treatment and
relative good pregnancy outcome using the cryopreserved semen. In the past patients with
tow quality semen were often rejected from 5CP due to disappointing results of iUl and IVF
{178]. In our clinic each year more male cancer patients are referred for elective sperm cryo-
preservation. During the last decade we have actively informed the oncologists about semen
cryopreservation using the region wide Comprehensive Cancer Centre Rotterdam {(CCHR). This
is a knowledge centre, which maintains an extensive network and fulfils a coordinating func-
tion within the field of oncology in the southwestern part of the Netherlands.

The use rate in our cohort is comparable with the ather farge studies. We calculated the use
rate with the total number of patients who actively had semen preserved in cur sperm bank.
Although the use rate of 7.5% may seem low, these men could not have fathered their awn
child if their sperm had hot been banked. If we only include cancer survivors use rate increases
to 9.6%. We did not include the post morterm use of cryopreserved semen, which in our clinic
sporadically occurred. The use rate will increase in time as some of the men who banked
their semen will not be ready te procreate or have a stable relationship in which children are
desired. We also have to keep in mind that a number of patients already have fathered a child
before gonadotoxic treatment and their wish to undergo assisted reproduction treatment
may be low. Studies evaluating the reason of sperm disposal showed that most requests were
obtained from men who regained fertility or had improved semen quality after treatment{179].
Furthermore, the patients were not actively followed to assess spontaneous pregnancies.
Seventy-one percent of the men returning for semen analysis showed at least some recovery of
spermatogenesis and may potentiaily achieve a spontanecus pregnancy. Men who did achieve
a spontaneous pregnancy will most likely not attend our clinic to use the banked semen.

In conclusion: We strongly recommend discussing SCP with all men at risk of becoming
infertile after receiving gonadotoxic treatment. Semen cryopreservation is at this moment the
only established and reliable method to preserve fertility. Semen can be stored for a reasonable
long time without affecting pregnancy rates. The use of cryopreserved semen will lead to suc-
cessful pregnancies in more than half of the couples.
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ABSTRACT

Background: Although it is accepted that pediatric-cancer treatment harbors a risk of gonadal
damage large cohort studies using up-to-date fertility markers are facking.

Procedure: The aim of our study was to evaluate the gonadal toxicity of childhood cancer
treatment using fertility markers, We included 248 adult male long-term survivors of chitdhood
cancer. Median age at diagnosis: 5 years, median age at follow-up: 24 years, median follow-
up time 18 years. We evaluated patient characteristics, treatment modatities, testicular size,
endocrinofogical parameters including Inhibin B, luteinizing hormone (LH}, follicle-stimulating
hormone (FSH) and testosterone.

Results: The median value of inhibin B in the cancer survivor group was 126 ng/l versus 177
ng/lin the control group (P<0.001). In the survivors, 67% had Inhibin B levels below the normal
reference value of 150 ng/l compared with 26% in the controt group {p<0.05). Inhibin B was the
most sensitive discriminator between survivors and controls. Significantly decreased Inhibin B
levels and increased FSH levels were found in men treated for Hodgkin and non-Hodgkin lym-
phoma, acute-myeloid leukemia, heuroblastoma and sarcoma as compared to other malignan-
cies. Cumulative desages of procarbazine and cyclophosphamide were the only independent
chemotherapy-related predictors for decrease of Inhibin 8 levels and increase of FSH. Age at
time of treatment did not influence post-treatment Inhibin B or FSH levels.

Conclusions: Severe gonadal impairment is a risk in a considerabie subgroup of childhood
cancer survivors based on current fertility markers, fike inhibin B. Boys receiving gonadotoxic
treatment before puberty are not protected from post treatment gonadal dysfunction.
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INTRODUCTION

In the past decades survival of childhood cancer improved significantly following optimized
treatment modalities [180]. Therefore, the number of survivors of chiidhood cancer in the
general population is estimated to increase [181, 182]. Several studies have shown an impaired
gonadal function in adult male survivors of childhood cancer [183, 184]. Post-treatment
gonadal damage showed to be depending on the type of used agents and cumulative dosages
administered during childhood [185-187]. Usually, studies were based on one type of malig-
nancy and treatment protocol and had limited number of survivors included [185-187]. Age
at time of treatment was suggested tc¢ give some protection against chemotherapy induced
gonadal damage due to quiescent stage of the testis in the pre-pubertal age [188]. At present,
semen analysis serves as the gold standard for predicting the reproductive capacity of men in
their reproductive age. However, young adults treated for childhood cancer are reluctant to
provide a semen sample for analysis. Therefore, reliable serum markers that reflect gonadal
function in men may serve as a more convenient screening tool in determining reproductive
- function in male cancer survivors at least to start with. In recent studies we and others have
shown that Inhibin B is the best serum marker for spermatogenesis {123, 124, 151, 189-191].
Inhibin B values after puberty depend on FSH secretion and are associated with sperm concen-
tration and testicular volume not only in healthy individuals but also after chemotherapy and/
or radiotherapy [192, 193]. However, studies in large cohorts of adults treated for childhood
cancer describing the role of Inhibin B as male fertility marker are not available as yet. The aim
of this study was to evaluate gonadal damage in a large single center cohort of male childhood
cancer survivors using modern fertility markers.

PATIENT AND METHODS

Between January 2003 and September 2006, 291 male survivors of childhcod cancer were
recruited to our late effects outpatient ciinic. All had been treated in our centre. Of them 30 did
notrespond and thirteen survivors were notincluded in the analysis because they did not receive
chemotherapy or radiotherapy during their childhood treatment. Written informed consent was
obtained from ali participants, according to protocols approved by the ethical review board of
the Erasmus MC. The distribution by diagnosis is given in Table . Of the Hodgkin Lymphoma (HL)
group, 22 included survivors have been described in a previcus larger series [191]. In order to
describe the complete cohort of survivors these patients were inciuded in the study.

At the time of the study, all survivors were at least 18 years of age and at least five years after
cessation of treatment. Median age at initial diagnosis was 5 years (range 0-15 years). Median
age at follow-up was 23 years (range 18-41 years) with a median follow-up time of 18 years

(range 5-39 years, Table I). Complete physical examination including measurement of testicular
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volume and serum hormone analysis consisting of LH, FSH, testosterone and Inhibin B was per-
formed. Testicular volume was measured by Prader Orchidometer. Sperm analysis performed in
a subset of cancer survivors was performed according o the 1999 WHO laboratory manual for
the examination of human semen and sperm-cervical mucus interaction [142].

The controt group consisted of 74 normospermic men, with a sperm concentration >20x 108/
ml and progressive motility >50%, aged median 33.4 years {range 23-51 year}. Peripheral blood
samples in survivors and controls were taken at time of their visit. The normospermic men were
recruited from the fertility clinic. During andrological work-up they were found to be normo-
spermic. The reference values of LH, FSH, Inhibin B and testosterone values for male adults in
our institute are 1.5-8.0 U/, 2.0-7.0 U/], 150-400 ng/l, 10.0-30.0 nmol/|, respectively. Within-assay
and between-assay coefficients of variation (CV) for Inhibin B were 9% and 15%, LLH 6% and 9%,
FSH 5% and 119%, testosterone 3% and 4.5%, respectively[194]. The cut-off value of 150 ng/! for
Inhibin B is taken as it has been shown that this provided the highest sensitivity and specificity
in tdentifying low semen quality{124].
Statistical Analyses; The computer program Statistical Package for Social Science (SPSS inc.,
Chicago, lllinois, version 11.1) was used for data analysis. Non-parametric analyses were done
as a non-normal distribution if the distribution was not normal. P-vatues <0.05 were considered
significant. Survivor characteristics are expressed as median with range.

RESULTS

The range of serum hormone values of the complete survivor group and the control group are
depictedinTable . In general, the survivors had higher FSH and LH {evels and lower testosterone
and inhibin B levels than the controis (Tables | and 1), Inhibin B was the strongest discriminator
between the survivors {median of 123.0 ng/l, range 0-393) and the cantrols (median 176.5 ng/|,
range 60-556; p<0.0001, Fig. 1}.

One hundred forty-five of the 221 survivors (65%) in whom Inhibin B was measured had
values below 150 ng/lin contrast to 19 {26%) of the 74 controls {Fig. 1). When analysed by type
of cancer, survivors of Hodgkin's lymphoma, non-Hodgkins lymphoma, malignant mesenchy-
mal tumors, acute myeloid leukemias, sarcoma’s and neurcblastomas showed median Inhibin
8 levels below 100 ng/l suggestive for severe gonadal dysfunction (Table |, Fig. 2). Survivors of
acute iymphoblastic leukernia and renal tumeors had relative normal median Inhibin B levels of
respectively, 140 ng/l and 146 ng/| (Table §, Fig. 2}.

We compared sperm analysis with endocrinologicat parameters in a subgroup of 21 patients;
nine had an azoospermia with a median inhibin B tevel of median 39 ng/l {range0-79). Two
patients were diagnosed with an oligospermia (sperm concentration between 5 and 20 million/
mi), sperm concentrations of 13x10% and 15x10° spermatozoa/ml, and had Inhibin B levels of
67ng/l and 72 ng/i. Five patients who had severe cligo-asthenospermia (sperm concentrations
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Figure 1: Inhibin B values of contrels and childhood cancer survivors. Each dot represents one person.
The horizontal lines represent the median vaiues of inhibin B in the normospermic controls (176.5 ng/l)
and in the survivors {(123.0 ng/l, p<0.0001}.
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Figure 2: Median Inhibin B values and guartile ranges per diagnosis. The horizontal dotted line represents
the fower threshold of normal (150 ng/l)

below 5x108/ml} and Inhibin B levels of median 25 ng/l {range 2-39). Two of them had severe
oligospermia and with only a few immotile spermatozoa in their semen, with Inhibin 8 levels of
2 ng/l and 19 ng/l. The five survivors with a normospermia had median Inhibin B levels of ng/i
{range 125-234). Inhibin B levels showed a significant correlation with sperm concentration in
both survivors (r=0.671, p=0.01) and controls {r = 0.345, p=0.03).
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Using a linear regrassion model, treatment determinants for low Inhibin B levels (Inhibin B
<150 ng/l) were caiculatad. Only regimens containing cyclophospharnide or procarbazine but
not any other drugs, were independent determinants for low inhibin B levels in the patients
treated with chemotherapy (p<0.01). None of the other chemotherapeutic agents was inde-
pendently associated with altered Inhibin B levels. Cyclophosphamide was part of the treat-
ment protocol in 131 of the 248 survivors with a median dosage of 4.8 gram/m? (range ¢.25-32
gram/m?). Inhibin B levels showed a significant negative correlation with total cumulative
dosage (TCD) of cyclophosphamide (r=-0.531, p<0.001) (Fig. 3). Inhibin B levels were abnormal
in ait but one survivor receiving a TCD of more than 10 gram/m? (Fig. 3),

309'{

250+ Bg
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Figure 3: Dose-effect of cyclophosphamide (gram/m?) on Inhibin B levels. The horizontal line shows the
lower thresheld of normal for Inhibin B {150 ng/) the other line shows the linear regression (Rsg =0.201,
correlation coefficient R=-0531, p>0.001)

HL survivors treated with MOPP had lower Inhibin B levels, median 15 ng/l vs 143 ng/l,
p<0.001) smaller testis volumes, L.e. 12.7 miversus 17.8 ml (P <0.01), higher FSH levels {median
226 U/l versus 4.7 U/l, p <0.001) and higher LH levels (5.9 U/l versus 2.4 U/, p< 0.001) than the
HL survivors who did not receive procarbazine. These vafues indicate a severe gonadal dysfunc-
tion in the 15 HL patients treated with procarbazine,

Age at which cyclophosphamide and procarbazine were administered showed no correfa-
tion with Inhibin B levels (r=-0.06, p=0.526 and r=0.182, p=0.516, respectively). Young age at
time of cyclophosphamide administration did not show a protective effect on gonadal function
whether they received low or high TCD of cyclophosphamide (Fig 4A and 4B}. This was even
more obvious when we evaluated patients younger and older than 10 years with a relatively
low (TCD < 10 gram/m?) dosage of cyclophosphamide. Madian Inhibin B level in the patients
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Figure 4: Distribution of Inhibin B in survivers treated with cumulative doses of cyclophosphamide of
0.25 - 10 gram/m?, correlation coefficient R=-0.097, p=0.371 (A) and 10-30 gram/m? correlation coefficient
R=-0.052, p=0.80 (B) according to the age at time of treatment.

younger than 10 years (n=58) was 138 ng/l compared to 127 ng/l in the clder group {(n=29)
(p=0.402). Although the groups were smaller, no age-effect was seen in the patients receiving
cyclophosphamide in higher concentrations (TCD > 10 gram/m2). The survivors treated before
the age of 10 (n=28, inhibin B available in 22} had median inhibin B level of 23 ng/l (range
0-218) compared te 10 ng/l (range 5-78) in the older group (n=5) (p=0.845).

The 10 survivors {1 HL, 4 AML, 4 ALL, 1 NHL), who received total body irradiation (TBI 7.5
or 12 Gy) as part of myelo-ablative therapy, had extremely low Inhibin B levels {median 10.0,
range .0-62.0 ng/l). Of those, only two survivors had low testosterone levels (7.6 and 8.6
nmol/l} whereas the others had normai testosterone levels (>=10 nmol/l). No impairment in
gonadotrophins was found in the subgroups. Additionally, four survivors {3 ALL, 1 AML) had
received testicular irradiation {24 Gy) on both testes. One survivor with a MMT was treated with
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pelvic radiotherapy (45 Gy), which included the scrotumn. Testicular volume was evaluated in
three as one had testicular implants {Inhibin B = 0 ng/1} and in one patient it was unfortunately
not documented. These three survivors showed severe impairment of testicular growth (testis
volume median 2.0 mi, range 1 to 3 mi). Median Inhibin B level available in the four survivors, in
whaorm the testicles were not removed, was 10 ng/l, range 0-13).

Testicular volume did not differ between the controls and the survivors in the total group nor
in one of the subgroups by diagnosis (p=0.391). This is reflected by the fact that only 18 males
{7.39%) of the cancer survivors had subnormat ievels of testosterone (<10 nmol/i) compared to
eight men (10.8%] in the controf group. All but three men out the patient group fully completed
pubertal development compared to all in the contrel group.

DiSCUSSION

Although several studies have shown the value of modern fertility markers for prediction of
spermatogenesis, studies on gonadal function after chemotherapy and irradiation in large
series of adult male cancer survivors, using Inhibin B as a novel serum markers are lacking [130,
184, 191, 195, 196]. Therefore, we performed a study in a full single centre cohort of male child-
hecod cancer survivors (n=248).

We found a significant difference in reproductive hormone levels between survivors and
controls, of which Inhibin B proved to be a better discriminator than FSH for the assessment
of spermatogenesis between the two groups (table Il). This was already known in healthy
individuals but this study shows that this is also the case in cohorts of male long-term survivors
of childhood cancer. We used a cut-off value of 150 ng/l. We acknowledge that this cut-off
value is arbitrary and therefore performed the same analyses with a cut-off value of 80 ng/l and
also found that cyclophosphamide and procarbazine were the only independent treatment
determinants for impaired gonadal function.

Patients with Hodgkin lymphoma, non-Hodgkin lymphoma, malignant mesenchymal
tumors, acute myeloid leukemia, Ewing sarcoma and neuroblastoma have a relative high risk of
subfertility after treatment. This is in line with the review article by Brougham and Wallace, who
divided childhood cancer types into three subgroups according to risk of subfertility [197]. Our
study confirms that diagnostic subgroups are indicative for post treatment gonadal function,
but mainly explained by the different treatment regimes accompanying these diagnoses.

In our study, cyclophosphamide and procarbazine containing regimens, both compounds
with alkylating properties were the most deleterious drugs for the gonadal function. This
finding supports eatlier studies in which these drugs were associated with severe gonadal
dysfunction[198, 199]. Cyclophosphamide showed a negative dose correlation with Inhibin B
levels. Almost all survivors who received a cyclophosphamide TCD of 10 gram/m? or more were
at risk for severe spermatogenic dysfunction. These findings support the earlier observations
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in which a dose-dependent effect of cyclophosphamide was found [130, 198]. This dose effect
was not found for procarbazine containing regimens, which indicates that this agent might
already be gonadotoxic in low concentrations in males. Cur study confirms that not only the
type of agent used but also the cumulative dosage is important in predicting post-treatment
gonadal function[200, 2011

Total body- and testicular irradiation causes severe gonadal dysfunction{202-204], which is
illustrated by the fact that 8 out of 10 survivors treated with TB! had almost undetectabile Inhibin
B levels (<=26 ng/l}. In addition, local radiotherapy to the testis was administered in 5 men who
all showed extremely low inhibin B levels. Although semen analyses were not available of these
men, the previous published correlations between Inhibin B levels and sperm count indicates
that these survivors probably have a severely impaired spermatogenesis [123, 191].

This study illustrates that young age at time of childhood cancer treatment does not prevent
post-treatment gonadal damage. Although such protection at very young age has been sug-
gested in the past, our findings confirm those of Thomson et al. who obsesved severe gonadal
dysfunction in male survivors even if treated in pre-pubertal life [196]. Pre-pubertal age has
been classically characterized as a quiescent period potentially providing some kind of protec-
tion against chemotherapy {188]. However, during this period there is active proliferation of
Sertcli and Leydig cells which might explain the damage after cytotoxic treatment [205-208].
Childhoed cancer patients and/or their parents shouid therefore be informed about the risk of
infertility after chemotherapy independent of age and pubertal stage. Therefore, sperm pres-
ervation should be considered for risk groups as young as possible, and if necessary assisted by
artificial procedures like electro-ejaculation methods {154, 194].

The question whether Inhibin B can replace sermnen analysis as a gold-standard remains
unanswered. Although Inhibin B is highly specific, it still is an indirect marker and controversies
exist, Sperm analysis remains the gold-standard especiaily as with modern assisted reproduc-
tion techniques, like intra-cytoplasmic sperm injection, only a few normal spermatozoa are
needed for conception. Therefore, we propose to encourage survivors to have Inhibin B levels
measured after chemotherapy as a first step te assess gonadal damage in order to identify
survivors at risk for impaired spermatogenesis.

In the total group treated with chemotherapy, testosterone levels were slightly lower than
the controls, however; only 7 % of the survivors had low testosterone vajues. This might indi-
cate that the Leydig cells are more resistant to gonadotoxic treatment than the germinat cells.
The minimal dysfunction of Leydig cells is supported by the observation that ali except three
survivors, of which twe received testicular radictherapy, fully completed pubertal develop-
ment, which is mainly dependent on testosterene production. It is conceivable that most boys
will complete their pubertal development possibly by an increase in LH levels, which occurred
in cur cancer survivors i.e. significant higher ievels of LH were found in the survivors compared
to in the nermospermic men. This might indicate that in some survivors {10 percent in this

study) a Leydig cell dysfunction exists, which can be compensated by elevated LH levels. This
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underscores that the assessment of reproductive capacity in childhood cancer survivors by
solely evaluating secondary sexual characteristics or testosterone is insufficient.

This study demonstrates the importance of fertility counseliing and pre-treatment semen
cryopreservation in male survivors of childhood cancer. Moreover, the results of this study
show the ongoing need to consider the risk of gonadal toxicity of certain agents in the design
of new protocols for newly diagnosed children with cancer. Inhibin B levels may be helpful to
assess the gonadal function. Determination of Inhibin B levels, being the best marker for assess-
ing gonadal function and recovery, is a relative easy and quick non-invasive method to assess
gonadal function. Aithough it can be used to identify patients at risk with impaired reproduc-
tive capacity, combination with sperm analysis remains mandatory to evaluate reproductive
options when there is an active child wish. Our results emphasize the nead for gonadal function

assessment and fertility counselling in long-term survivors of childhood cancer.
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Table I: Patient characteristics per diagnosis group.

23.0

5.0 140 3.6 ’ 155
ALL 88 {18.0- 0.1- (2.0-
(0.3-15.0) 20.0) 0-393}  (0.5-58.7} 14.9) (3.7-27.3) 25.0)
210 32 15.0
3.0 68 39 12.8
AML 11 {18.0- {0.1- {10.0-
.5-14, - .3-15.0 .5-43,
{0.5-14.0) 33.0} (10-195) (0.3 } 2.9) (8.5-45.1) 20.0)
240 3.6 15.0
11.0 54 9.2 13.2
HL 28 {18.0- (1.2- (8.0~
(2.0-15.0) 41.0) (0-274)  (1.7-51.0) 10.9) (8.8-32.7) 22.5)
230 4.0 15.0
8.0 88 5.5 15.5
NHL 42 (18.0- 0.9- (9.0
. - -31.7 -
(20-14.0} 36.0) (5-232)  {0.9-31.7) 11.5) 17.6-27.9) 22.5)
23.0 33 17.5
3.0 146 4.0 14.5
Renal tumors 27 (18.0- {G.1- (10.0-
7-11. - 5-47.4 .5-28
(©0.7-11.0) 300) {13-244)  (0.5-47.4) 16.3) {4.5-289) 15.0)
25.0 4.7 15.0
5.5 55 14.4 14.6
MMT 18 {18.0- (0.1~ {4.0-
.0-14. - .5-65.8 2.8-28.
{1.0-14.0 36.0) (0-226)  (0.5-65.8) 129} (2.8-28.9) 16.5)
23.0 3.6 200
12.0 146 6.0 148
Osteosarcoma 9 118.0- (2.0 {11.0-
0-15. - 7-17. G.7-23.
(101500 oo (8339 (07973 G732 Lo
25.5 3.6 16.3
. 8.6 .
Ewing Sarcoma 3] 5 08405 0) 118.0- (1;2699} (1.7-15.8) (1.1- © ;622) 2 {15.0-
' ) 36.0) . ) 8.1) ) ) 20.0)
240 39 150
Neuroblastoma " 0.1 (18.0- 79 63 13- 150 12.0-
+Gangiioneurchiastoma (0.1-1.0 30 '0) (21-212)  (3.3-206) 7'5) (7.6-20.4) 20'0)
200 3.7 22.5
1.5 114 36 44
Others 8 {18.0- 11.4- (15-
.3-9. - A4-21.4 5-24.
(0.3-9.0) 30,0} {10-295) ({1.4-21.4} 7.2) {12.5-24.7) 25.0)
334 2.7 16.5
Controis 74 - (23.3- (616;12:‘356} @ ;163 o {0.3- @ ;62?, - (11.0-
50.6} ' ) 19.2) ) ' 30.0)

ALi= Acute lymphoblastic leukemia, AML= acute myeloid leukemia, HL= Hodgkin Lymphoma, NHL=
Non-Hodgkin fymphoma, MMT= Malignant mesenchymal tumor. Others consist out of 1 embryonai
adenocarcinoma, 1 Langerhans histiocytasis, 2 hepatoblastomas, 1 malignant schwannoma, 1 nasopharynx
carcinoma, 2 yolk sac tumors, 1 Grawitz tumor. Values given as median and range.
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Table 2;: Comparison of serum hormone levels between survivers and controls. Values are indicated as

median and range. Percentages of abnormal levels for each serum marker and sperm concentration are
given.

Inhibin B {(ng/h 123.0(0-393) 65 % 176.5 {60- 25% < 0.0001
558)

Testosterone nmal/l 14,7 (2.8-45.1)2 89 16.8 (4.7- 10% 0.05
27.7)

FSH U/ 4.6(0.3-65.8)2 32 % 3.6(0.6-18.0) 17% 0.01

LH (UA) 3.6(0.1-16,3)% 10 % 27{03-192) 2% <0.0001

Sperm concentration 0.01 (0.0-158.0)° 76 % 52.5(21.1- 0% <0.0001

{(105/ml) 234.0)

Testicular volume {mi) 17.5 (2-35)* 17 % 16.5 (11-30) 14 % 0.391

Y {n=221) ? (n=244)
3{n=21) *{n=233)
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ABSTRACT

Introduction: One of the risks of childhood cancer treatment is fertility impairment later in life.
In the past a large proportion of children with acute iymphoblastic leukemia (ALL) has received
cranial irradiation as part of their treatment. The aim of this study was to evaluate whether
cranial rradiation negatively affects pituitary regulated gonadal function in male survivors of
childhood ALL

Procedure: We examined gonadal function, including Inhibin B, LH, FSH, testosterone, and
pituitary axis function by measuring TSH, Free-T4 and IGF-l levels in 89 long-term male survivors
of chiidhood ALL after a median follow-up time of 19 year (range 7-34 years).

Results: Twenty-nine out of 89 male ALL survivors received cranial irradiation. Inhibin, FSH,
LH, Testosterone, testicular volume as well as TSH and Free-T4 levels were not different in the
cranial irradiated group as compared to the non-irradiated group. iGF-t levels were significantly
lower in the cranial irradiated group. Survivors treated with total body irradiation or testicular
irradiation had significantly decreased gonadal function based on hormone levels.

Conclusion: These data show that, in contrast to the negative influence on the growth hor-
mone axis, cranial radiotherapy as part of ALL treatment does not have a deleterious long-term
effect on the hypothalamic-pituitary-gonadal axis or pituitary-thyroid axis.
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INTRODUCTION

Currently, more than 75 % of all pediatric acute lymphoblastic leukemia {ALL) patients survive
and reach adulthood [209]. Successful treatment of children with ALL involves administration
of muiti-agent chemotherapy and includes central nervous system (CNS) prophylaxis. In the
past, CNS prophyiaxis consisted of cranial irradiation, which has been replaced by intrathecal
chemotherapy in most of the current treatment protocols. An increasing cohort of childhood
ALL survivors who have been treated with cranial radiotherapy in the past has now reached
reproductive age. It has been reported that cranial irradiation can influence the hypothalamic-
pituitary-gonadal axis and potentially lead to impaired endocrine function resulting in growth
disturbances and impaired fertility[210, 2111, In addition, it has been suggested that young
patients treated before 10 year of age are at increased risk for gonadal dysfuncticn after treat-
ment[212-215].

Earlier fertility studies in pediatric ALL survivors were mainly based on pituitary hormone
level measurement or on registration of life birth rates and did not include novel markers like
Inhibin B{213]. Inhibin B is produced by the Sertoli cells and is strongly correlated with sperm
characteristics and fertility capacity in men and also correlates with spermatogenic status in
testicular biopsies [124, 151]. Inhibin B has a negative feedback mechanism with follicle stimu-
lating hermone (FSH) and it has been shown to be a good marker for testicular damage after
chemotherapy [195, 216, 217].

In the prasent study, we evaluated the impact of childhood cranial radictherapy on pituitary
regulated gonadal function in a large single center cohort of male long-term survivors of child-
hood ALL including novel markers like Inhibin B.

Patients and Methods

Patients

Out of a total of 500 survivors of childhood cancer 99 registered adult male survivors of
chiidhood ALL, diagnosed and treated in our hospital between 1973 and 1998, were identi-
fied. Seven survivors refused participation and three were lost to follow-up. All 89 survivors
whao participated in this cross-sectional study were in continuous complete remission and at
least five years after completion of therapy. Written informed consent was obtained from all
participants, according to protocols approved by the ethical review board of the Erasmus MC.
General fertility characteristics of these survivors have been reported previously[217]. The pres-
ent study focuses on the differences of endocrine late effects between patients treated with or
without cranial radiotherapy. Median age at time of diagnosis was five years (range 0-15 years)
and median age at follow-up was 25 years (range 18-40 years), with a median follow-up time
of 19 year (range 7-34 years). Data concerning treatment protccols, disease and patient char-
acteristics were retrieved from the medical records. All 89 survivors were treated according to
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the national ALL protocols at time of diagnosis, including the ALL-2,3,5,6,7,8,9 protocols of the
Dutch Childhood Oncology Group (DCOGYH218-2241. Thirteen survivors had been diagnosed
with a relapse and were treated accordingly. Twenty-five male survivors (28%) received cranial
irradiation with a median cranial irradiation dosage of 25 Gy (range 15-30 Gy) (Fig 1). Twenty
patients were treated with 25 Gy, T with 30 Gy, 1 with15 Gy, 1 with 20.4 and 2 with 18 Gy. None
of the survivors had been treated with cranio-spinal irradiation.

The survivors who received total body irradiation (TBI), testicular irradiation, mediastinal
irradiation or orbital irradiation with or without cranial radiotherapy were evaluated separately
(n=9). The patient with orbital irradiation and the patient with mediastinal irradiation were
excluded from the main analysis of endocrine side-effects.

[ 99 childhood ALL survivors |
| diagnosed between 1973-1998
| were eligble for inclusion

|

89 were included

Therapy

-
g Chemotherapy \‘ Chemotherapy + Chemotherapy + Chematherapy £
i Without Irradigtion | Craniatl Irradiation | Cranial irradiation {25Cy) Cther lrradiation
i N=55 J N=25 (25Gy) Additicnal irradiation N=5
N=4
| | |
. ! Y4 . . \/ . .
Testicular || Total Body |} Mediastinal { Testicular || Total Body Orbitat Cavity
irradiation ||  Irradiaton ‘E Irradiation E trradiation '§ Irradiaton lrradiation
N=2 (24Gy) || N=1 (12{3y)/l N=1(20Gy) | | N=1 (24Gy)J‘\ N=3 {12Gy} N=1(24Gy)

Fig 1: Fiowdiagram showing the radictherapy and chemotherapy modalities of the treated ALL patients,
Median irradiation dosages are given between brackets.

Endocrinological evaluation

A complete physical examination and serum hormone analysis from peripherat blood samples
were taken at time of the visit at our outpatient clinic for childhood cancer survivorsthe.
Samples were obtained by vena puncture, processed within 2 hours after withdrawal and
stored at -21°C. Gonadal function was evaluated by Inhibin-B, Luteinizing hormone (LH),
Follicle-stimulating Hormene (FSH}, testosterone and Sex hormone binding globulin {SHBG).
In addition, thyroid-stimulating hormone {TSH), Free T4 (FT4) and Insulin-like Growth Factor
{(IGF-1) were also measured to determine the broader effect of cranial irradiation on the pituitary

axis. Levels of IGF-| between the subgroups were compared with reference values by using
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SDS scores (Z scores), which express the difference between the measurement of an individual
and the median value of the reference population [225]. The threshoids for normal values of
hormone levels are indicated in Table 1.

Statistics

Statistical analysis was performed using SPSS 16.0 software (SPSS, Chicago, IL). Differences
between treatment groups were tested using the student t-test and correlations were tested
using Pearson’s correlation. P values are all measured in the two-way classification with p<0.05
considered statistically significant.

RESULTS

Hormone levels from the pituitary-gonadal axis and survivor characteristics were available for
all survivors with the exception of one missing value of Inhibin B (Table 1). 41 Forty-cone of the
male survivors (47%) had decreased (<150ng/i) levels of Inhibin B of which 19 had inhibin B
levels below 100ng/L. Inhibin B levels strongly correlated with FSH (r=-0.559, p<0.00001), LH (R=
-0.423, p<0.0001) and testicular volume {r=0.505, p<0.06001).

Neither the cumulative dosage of cyclophosphamide nor any of the other chemotherapeu-
tic agents were significantly different between the survivors with low or normal Inhibin B leveis
independent of the threshoeld level of 150ng/l or 100ng/l. FSH and LH levels were increased in
respectively 14 {169%) and 8 (9%) patients. Of the survivors who had both an increase in FSH
and LH, 3 patients were treated with testis irradiation and 4 with total body irradiation. Only 3
patients were diagnosed with low levels of testosterone of which 1 was treated with testicular
irradiation {9 nmol/l) whereas two received chemotherapy only (both 7.7 nmol/l). All patients
{n=7) treated with total body or testicular irradiation showed signs of testicular damage illus-
trated by high levels of LH, FSH and low levels of Inhibin B (Fig 2). Age at time of treatment did
not carrelate with levels of Inhibin B, FSH, LH, or testosterone in the long-term survivors.

The additional negative impact of cranial irradiation on testicular function is minimal as no
differences in inhibin B, FSH, LH and testosterone levels were found between survivors treated
with chemotherapy in combination with cranial irradiation (n=25) and survivors treated with
chemotherapy alone {(n=55) (Table 1). Median testicular volumes in both groups were not dif-
ferent {median 20 ml, range 10-25, p=0.54). In addition, no difference in pituitary or testicular
hormone levels were found between those patients treated with 225 Gy {n=21) and those
treated with <25 Gy (n=4).

TSH and FT4 levels were available in 38 survivors, of whom all except one had FT4 leveis
within the normal range. TSH levels were normal in all except two survivors of which one
received chemaotherapy only and one chemotherapy with TBI. Both had borderline abnormai
TSH levels (0.36 and 0.37 mU/l} but normal FT4 levels. No difference in TSH and F74 levels were
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Table 1: Hormone levels according to treatment modality. The two patients treated with orbital
irradiation and mediastinal irradiation are not shown. Normal range is given for each hormone. Values

given as median and range. Z-scores are given as mean and standard deviation.

Number of 87 55 25 4 3
patients
Age at 5.0{0-15) 6.0 (1-15} 4.2 (0.1-14) 0.02 4(4-12) 0.79 5(2-5} 0.27
diagnosis
(yrs})
Age at 25 (18- 24 (18-34) 29123-40)  <0.0001 25{22-35} 0.25 30(21-33) 0.1
follow-up 40)
lyrs)
Follow-up 19(7-34)  18({7-24) 26(16-34)  <0.0001 18(15-31) 013 25{(16-31) 0.0
time {yrs)
Inhibin-B 155 155.5 (67- 177.0 (35- 0.85 15(10-20)  <0.0001  10{0-10}  <0.0001
{150-400 (0-393) 392)® 363)
ng/l)
Testosterone 16.2 16.6{7.7- 16.4(11.1- 0.21 12.2{11.8- 0.09 11.9(9.0- 0.14
{10.0-30.0 17.7-29.4) 29.4) 209} 16.0) 17.0}
nmol/f
SHBG{10-70 28.9 26.2 (10.6- 31.6{15.1- 0.03 22.8(15.0- 0.80 47.8 (42.7- <0.0001
nmal/f) {10.6- 51.4) 51.3) 40.2} 67.7}
67.7)
LH{(15-80  40(0.1- 34(01-81 371(13-53) 038  108(77 <0.0007 13.9(82- 008
U/ 18.9) 13.9) 18.9)
FSH (2.0-7.0 4.0 3401.3-14.1) 43(1.1-15.7) 0.14 23.7{15.9- 0.01 482 (42.8- C.0%
UM (1.1-58.7) 31.4) 58.7)
Testicular 20(2-25) 20.0(13-25) 20.0{10-25) 0.79 12.5 (4- 0.02 25(2-3F  <0.0001
velume 13)%
{=15mi}
Free T4 (11- 14.8 15.1{11.6- 15.0{11.8- 0.69 12.5{12.3- 0.06 14.81 .79
25 pmolA) {11.8- 30.1)P 22.7%¢ 12.6)
22.7)
TSH(0.4-43  1.3(0.36- 1.14{0.37- 1.2 (0.46- 0.42 1.9 (0.36- 0.19 0.79] 0.61
mu/l 3.43) 2489 2.76)° 3.43)
Height {cm) 178 (163- 182 (165- 175 {163~ 0.006 169 (167- 0.035 170 {165- 0.13
192) 192} 189) 184) 186}
Body Mass 24.1 23.9017.9- 25.4{19.2- 0.04 19.5 (18- 0.06 20.7 (19.6- 0.13
Index (17.9- 39.5) 33.8) 24.2} 214
39.6)
1GF-1 {(15-47 243 27.4113.1- 17.3{12.8- 0.003 206115+ 017 7.81(6.5 0.02
nmoti/f} 16.5-54.2) 5400 47.5) 32.3} 230
IGF-1 049(1.3) 03111 -082(LD) 002  -082013) 024 22016} 001
{z-scores)

¥ p-values as compared to the non-irradiated group

#n=54,bn=10n=21,% n=11° n=21 n=19 n=21"p=38, 'n=21, n=1
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Fig 2: Median Inhibin B values and quartile ranges according to treatment and location of irradiation. One
patient in the TBI group and two survivars in the testicular radiated group also received cranial irradiation.
The horizontal line represents the lower threshold level for Inhibin B (150ng/1).

found between the patients treated with or without cranial irradiation. The patient treated with
orbital, mediastinal or testicular irradiation were aiso excluded from this analysis.

Of the patients treated with or without cranial irradiation IGF-I was measured in respectively,
38 and 21 survivors. Males whe received cranial irradiation had significantly lower IGF-| levels
(p= 0.003), lower Z-scores (p=0.02) , shorter stature {(p=0.006) and a higher body mass index
(p=0.04) than those treated with chemotherapy alene (Table 1). Total body height was signifi-
cantly lower in the cranial irradiated and TBI group compared to the non-irradiated group (table
2}. The survivors treated with TBi had a significant higher BMI compared to the non-irradiated
group (Table 1).

Discussion

Thisis the first study that evaluated the loeng-term effect of cranial irradiation in very long term
male survivors of childhood ALL on fertility using novel gonadal markers. We found no deleteri-
ous effect of cranial irradiation on gonadal function thereby providing important information
for b adult survivors of childhood ALL treated in the past, as well for the small subgroup of ALL
patients that still benefits from cranial irradiation in current treatment protocols {218, 226].

Our study does not confirm the results reported by Siimes et al. They reported an increased
risk on testicular damage in a group of 41 childhood ALL survivors treated with craniat irradia-
tion by measuring LH, FSH, testosterone testicular size and pubertal stage. in their study 17 out
of 41 survivors were irradiated with a median dose of 20-24 Gy. In the current study, we show
in a larger single center cohort (n=80, of which 25 subjects received cranial irradiation), with a
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longer follow-up time (19 years), including novel fertility markers, that cranial irradiation does
not determine the risk of gonadal damage.

Moreover we studied the differential influence of cranial irradiation on gonadal the thyroid
and growth hormone axes, which indicates that the negative effect of crantal irradiation on
growth hormone production, which has previously been reported in other studies, is selec-
tive[211, 2271 In addition, it suggests that impairment of height in the cranial irradiated group
is due to growth hormone deficiency, as illustrated by low IGF1 leveis, and not by thyroid hor-
mone depletion, although we realize that growth hormone function tests would be required to
confirm these results in these individual survivorsi211, 228, 229].

Interestingly, the study by Siimes et af reported a difference in testicular volume between
cranial irradiated and non-irradiated cases. Our study in a larger cohort and with a longer fol-
low-up time, shows no difference in testosterone, Inhibin B values nor testicular sizes between
the survivors treated with or without cranial Frradiation. It is feasible that an intercbserver
variability in the study by Siimes et al. may have played a role, as survivors were evaluated in 4
different cancer centers. In cur study we had the opportunity to determine testicle size in all
survivers by one and the same clinician.

Quigley et al. reported elevated gonadatrophin levels in childhood ALL patients treated
with 24Gy cranial radiotherapy and chemotherapy and confirmed gonadal damage by testicu-
lar biopsies showing an absence of germ cells[210]. Their anatysis was performed immediately
after cessation of treatment and not repeated after a long-term follow-up. This suggests that
recovery of gonadal function takes occurs[230].

Anather method to study male fertility after childhood ALL is to investigate the number
of Hife births in male and female ALL survivors and compare this with an age matched control
group, which was done by a Norwegian group[214]. Onby four out 131 mate adult ALL survivors
fathered children of which three received cranial irradiation. The conciusion of their study was
that their data were probably incomplete and therefore statements concerning the detrimentat
effect of cranial irradiation as component of ALL treatment on mate gonadal function could not
be made. In our study we did not include semen analysis or life births as end points. However, it
is questionable whether proven fatherhood can be used as a marker for gonadal damage after
chemotherapy, as achieving a pregnancy is not solely dependent of sperm quality. Comparing
gonadal markers is more suitable for the assessment of treatment induced male gonadotoxic-
ity, as reflected by strongly correlated Inhibin B and FSH values [195L

Interviews are another way to get insight in to fertitlity rate in childhood cancer survivors.
Byrne et al performed telephone interviews and assessed life births in 213 men treated for ALL
before age 18 on protocols of the Chifdren’s Cancer Group and compared these results with 145
male siblings. They found a decreased number of life births in childhood ALL survivors treated
with cranial radiotherapy before the age of 10 years at diagnosis, their fertility was only 9% (RF
0.0%, 95% (1 0.01-0.82) compared to controls [213]. However, this study did not inciude female
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fertility information as a determinator for a couples fertility potential. Therefore life births do
not accurately reflect male gonadal function.

In our complete ALL survivor group cancer younger age at time of treatment was not associ-
ated with a higher risk of impaired gonadal function. It is not possible to conclude whether cra-
nial irradiation after the age of 10 years induces a lower risk for pituitary and gonadal damage
from our analysis as the group of survivors who were treated after the age of 10 was too small.

Our study suggests that previously applied treatment protocols for ALL are not highly
gonadotoxic. Except for cyclophosphamide, most chemotherapeutic agents administered in
ALL treatment have a relatively mild gonadotoxicity, which is underscored by the current study
[217]. In our cohort, the total cumulative dosage of cyclophosphamide did not exceed 10mg/
m?, which is considered to be the threshold level for its gonadotoxic effect. This made it pos-
sible to evaluate the effect of cranial radiotherapy as independent variable{217], Furthermore
this study shows that it remains important to refer all patients for semen cryopreservation
before treatment[231],
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GENERAL DISCUSSION

Since the discovery of Carcinoma in Situ as the precursor of testicular germ cell cancer, research
on the origin and possible causes of testicular maldevelopment has increased. The hypothesis
that several diseases of the male reproductive system share a common environmental cause
was first postulated in the early 1990s, with reports on endocrine disruption causing genital
malformations and reproductive disorders in anima! wildlife. Parallel to these observations
temporal trends in testicular cancer and other male reproductive disorders were observed in
humans [235]. More recently, it was reported that men with prenatal exposure to estrogen
diethylstilbestrol (DES) or phtalates had an excess risk for undescended testis, hypoespadia and
testicular cancer[236].

Development of CIS seems dependent on the micro-environment created by Sertoli cells
in the testis and by Granulosa cells, being ther female counterpart of Sertoli cells, in the dys-
genetic gonad. These Sertoli cells are also involved in the development of TM. it has been sug-
gested that these calcified concretions within the iumen of seminiferous tubules eriginate from
sloughing of degenerated intra-tubular cells and from failure of the Sertoli cells to phagocyte
the debris [36-38]. The occurrence of TM in patients who are at risk for developing testicular
cancer stresses both the importance of the Sertoli cell function for correct development of
the testis, and the role of the Sertoli cell malfunction in TDS. Future research should focus on
potential disrupters of Sertoli-cell development and function during the neonatal period.

Althogh the role of Anti-Mullerian Hormone {AMH] levels during postnatal gonadal matu-
ration and after puberty remains vague, it was recently suggested that they are involved in
germ-cell development, and also that they affect the differentiation and function of Leydig cells
[237, 238]. Their role of AMH as a potential marker for testicular dysgenesis should therefore
be further investigated.

As stated in this thesis, we recommend an active approach should be taken in men with TM
and additional risk factors for TGCT. This approach should include testicular biopsies. The physi-
cal and social impacts of such an active approach should be explored in a prospective study. To
evaluate the testis, reguiar ultrasonography is advised in most of the follow-up protocols of TM.
Indicators for TDS and CIS of the testis are gonadal dysfunction and ultrasonic features as T,
an inhomogenous parenchyma of the testis and testicular atrophy [47].

In the United States the economic burden of evaluating and following men with TM when
they are at sisk for testicular cancer was estimated by Peterson et al. to be greater than $18
billion and therefore not cost-effective [351it might therefore be better to perform highly
accurate testicular biopsies in mery with TM and associated risk factors for TGCT. Steehr et al.
showed recently that the only benefit of scrotal ultrasonography lies in the detection of asyn-
chronous tumors, not of CI5{239], The use of other imaging methods such as CT-scanning or
MRI to evaluate the testicular parenchyma is also not likely to help the detection of CIS, which
these imaging technigues cannot detect.
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If CIS is detected before it progresses to an invasive tumour stage and subsequentely treated
this may result in a significant reduction of TGCT and the consequences of its treayment [5]. it
is therefore timportant to identify high risk-groups for TGCT in whom diagnostic testicular biop-
sies can be performed, as this invasive procedure is unsuitable for large population screening
programs. This wili probably include men with cryptorchidism, gonadal dysfunction (impaired
fertility and hypogonadism) and ultrasonographic features such as TM. A prospective case find-
ing study should be performed to evaluate this early detection program of CIS.

We have shown that the detection of CIS in testicular biopsies is hampered by various factors
which can be partially overcome if immunohistochemistry is performed on all testicular hiop-
sies. As shown in chapter 5, few CIS cells can be present within the biopsy specimen. Recently,
OCT3/4, a reliable new diagnostic marker has been added to the palette of markers. Although
it has proven to be highly specific and sensitive, it is not yet used widely. In a specific highly
selected population, we demonstrated that immunohistochemistry can produce an additionat
diagnostic yield of 20 percent in detecting malignant disease. White the additional value of
performing immunohistochemistry in a non-selected population has yet to be examined, its
advantages in detecting CIS or TGCTs are unfikely to differ.

Schulze et al. performed histolegical analyses on Testicular Sperm Extraction {TESE) material
and found CIS in 0.7% of the biopsies {240]. As the testicular biopsies were not stained with
specific CIS or TGCT markers, the actual prevalence of CIS in the above mentioned study might
even be higher. We therefore stress that in all testicular biopsies for TESE and for assessing
spermatogenic status should use immunchistochemistry should be used specifically to test for
the presence of CIS. Also, two-sited biopsy has already been shown to produce an additional
diagnostic yield of 18% [13]. If G5 is highly suspected, a two-sited biopsy should therefore be
performed in all testicular biopsies in addition to immunchistochemistry.

We demonstrated that even without immunohistochemistry, an experienced pathologist is
able to find more cancer in testicular biopsies. This means that testicular biopsies should ideally
be evaluated in a referral centre by an experienced pathologist. This will reduce the number of
false-negative diagnoses and improve diagnostic outcome. As this thesis has already pointed
out, there are obviously many advantages to detecting CiS before it has advanced to an inva-
sive cancer. Although many advantages detecting CIS does not eliminate the need to perform
an orchidectomy or to irradiate both the testis in men diagnosed with CIS. This will result in
sterility and hypogonadism.

It is becoming increasingly clear that CIS originates from primordial germ cells/gonocytes.
Gene-mapping studies of CI5 cells showed that CIS is not a malignant cell in a classic sense, but
is an arrested polyploid gonocyte: oncogenes are not overrepresentad, while tumor suppressor
genes are not underrepresented [2381. Howaever, it is still uncertain what triggers the CIS cell
to evolve into an intratubular seminoma or embryonal carcinoma, and, as often occurs after
puberty, eventually into an invasive cancer. If this transition is understood, it might be possible
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to develop treatment options that can prevent CIS from developing and progressing to an
invasive cancer.

In this thesis we have shown that CIS can also be detected in testicular biopsies, but another
oppartunity for detecting it is presented by new non-invasive techniques that use exfcliated
CIS cells in semen. Potentially, this non-invasive detection method may provide an extra diag-
nostic tocl for detecting CIS in patients at risk, or even for the male population as a whole in a
screening-based setting. While many methods of detecting exfoliated CIS cells have been tried
with discouraging results [107, 110, 113, 239], Hoei-Hansen and coworkers were recently the
first to diagnose CIS in an infertile patient by detecting exfoliated CIS cells [108]. We confirmed
the strength of the method using a novel method, which detects CIS before the patient pres-
ents with symptoms.

Unlike many other diseases, such as bladder carcinoma or prostate cancer, screening for TGCT
is based on the detection of the pre-invasive stage, and thus on preventing the development
of matignancy. In 2006, 605 young males in the Netherlands were diagnosed with a TGCT, most
of them of a reproductive age. The incidence of TGCT in males aged 15-34 was 12 per 100,000
(Dutch Cancer Society/Koningin Withelmina Fonds KWF data). Due 1o an annual increase in
TGCT of approximately 5%, it has been calculated that 728 young matles in the Netherlands will
be diagnosed with a TGCT in 2010. Because the overall 5-year survival is approximately 95%,
most men will survive [87]. This also means that they will live with the conseguences of the
treatment of TGCT for a substantial part of their lives [2401.

The detection and treatment of CIS would prevent many of the sequelae seen when a
patient is treated for TGCT. Potentially, this new non-invasive method may provide clinicians
with an extra diagnostic tool. Although it should still be tested in larger populations, the idea of
exfoliating CIS cells offers new diagnaostic opportunities. We acknowledge that a screening pro-
gramme with the current non-invasive test is not yet aplicable in general practise. The current
test should first be validated it a large multi-centre study, and the method of detecting CIS cells
in semen must be optimised before it can be used on a large scale. Such studies shouid also
show whether ali young men should be screened, or that screening should be performed only
in high-risk populations. However TGCT proves to be a disease which is an seriuos candidate for
developing a screening strategy.

FERTILITY AND GONADAL FUNCTION BEFORE AND AFTER CYTOTOXEC
TREATMENT,

Male spermatogenesis is a complicated process that starts with the division of stem cells and
ends with the formation of mature spermatozoa. Many factors can influence male fertility,
including the presence of malignant disease [241]. in 2005, 40,684 males in the Netherlands
were diagnosed with cancer, 869 of whom were in the 15-34 age group {Duich Cancer Society
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data). The impact of heing diagnosed with cancer in this specific age group, when most men
are in their reproductive period, is very high. While most of them are concerned about their
fertility after treatment, they are not aware of the possibility of impaired fertility before cancer
treatment has started. We showed that fertility was reduced in two-thirds of the male cancer
patients at diagnosis, which is far more than in a general popufation,

The eticlogy of diminished spermatcgenesis before treatment is probably multifacto-
rial. Disease-related factors may be involved, such as endocrine disturbances, stress and an
increased catabolic state that can accompany cancer, especially in an advanced stage [121, 145,
162]. These factors are difficult to overcome in order to eptimize pre-treatment semen quality.

In a study of young cancer patients, we showed that men with TGCT have a lower semen
quality and lower Inhibin B levels compared to patients diagnosed with other malignancies. In
contrast to men with testicular dysgenesis syndrome, patients first diagnosed with germ-cell
tumors often showed to have normal FSH evels. This may be explained by the negative effect
on FSH secretion of beta-HCG, which is produced by some testicular tumors.

On the basis of the 20-year prevalence period, the number of cancer survivors in the Neth-
erfands is expected to increase from 366,000 in 2000 to 692,000 to 2015 (Dutch Cancer Society
data}. This means that the number of cancer survivors will almost have doubled over a 15-year
period, producing an annual increase in prevalence of almost 6% (Dutch Cancer Society data).
Although, due to the use of new treatment protocols, children diagnosed with cancer nowedays
have a very good chance of surviving their disease, most treatment protocols unfortunately
have long-term sequalae. Approximately two-third of all childhood cancer survivors will suffer
from adverse treatment-induced side effects, one-third of which will are severe, and sometimes
even life threatening [242]. Because childhood cancer therapy continues to be refined, the
study of late effects is also an ongoing process.

In this thesis, we have focused on fertility and endocrine disturbances caused by treatment-
induced toxicity. One of the most commonly used alkylating agents in paediatric cancer treat-
ment is cyclophosphamide, which has a dose-dependent effect of induced infertility. Patients
receiving a total cumulative dose of more than 10 grams/m? are at risk of severe gonadal
damage. We found no similar dose-dependent effect in patients treated with procarbazine.
However, all these patients had very low Inhibin B levels, suggesting severe gonadal dysfunc-
tion independent of the total cumulative dose of the drug. We conclude that, procarbazine is
extremely mutagenic to germ cells, and causes irreversible damage [243).

Although the total study group consists of 261 survivors, we acknowledge that our results
may have been influenced by the wide diversity of different cancers and treatment protocols.
Even so, this is the largest single-centre long-term follow-up study to date. Ideally, future stud-
ies may come to more definitive conclusions, although, treatment protocols are constantly
changing, making it difficult to obtain large patient populations with comparable treatment
protocols. This problem could partially be overcome by the introduction of a nation-wide
database, which has already been initiated by the Dutch Childhood Cancer Workgroup.
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In our study, the age at time of treatment did not correlate with post-treatment gonadal
function. Previous studies claimed that, due to the lack of activity, pre-pubertal testes have a
lower risk of gonadal damage due to cancer treatment [212]. The pre-pubertal period, however,
is not a guiescent time for the testis[188], and it seems that chemotherapy before puberty
also can impair gonadal function. Besides its harmful effect on the spermatogonial stem cells,
chemotherapy in childhood can also damage Sertoli cells and Leydig cells, which proliferate in
this period [244]. A decline in Sertoli cell numbers affects spermatogenesis later in {ife. Because
pre-pubertal boys are also at risk for impaired fertility later in life, options to preserve fertility in
these boys should be developed.

There are different methods of measuring the detrimental effect of cancer treatment proto-
cols on genadal function: by evaluating the total number of live births after cancer treatment,
and by measuring reproductive hormones and semen quality, which reflect gonadal function.
In our opinion, live births rates are not a good marker of gonadat damage after gonadotoxic
treatment.This alse depends on the fecundity of the partner. Even, if the patient is diagnosed
with a reduced sperm quality, he may still be able to induce pregnancy in a fertile partner.

We found that most cancer survivors were reluctant to provide a semen sample for analy-
sis and used serum Inhibin B as an aiternative method of determing gonadal damage after
gonadotoxic treatment [124]. However, while low Inhibin B indicates that spermatogenesis is
impaired, it does notindicate the extent of impairment. A clear cut-off vaiue for the presence of
spermatozoa is not found. Fertility markers are not a good substitute for semen analyses in the
assessment of future treatment options for ART,

The direct gonadotoxic effect of radiation and chemotherapy treatment can also influence
gonadal function by disrupting the hypothalamic-pituitary-gonadal axis. We investigated the
specific effect on gonadal function of cranial radiotherapy in children with Acute Lympho-
blastic Leukaemia (ALL). It has been reported that a radiation dose of>18 Gy can disrupt the
hypothalamic-pituitary-gonadal axis, potentially resulting in impaired endocrine function and
growth disturbances[210, 211].

It has been suggested that the future fertility of these children may be impaired, and that
low age at time of treatment (<10 years) is a risk factor for post-treatment gonadal dysfunction
[212-215]. However, in a cohort of 89 male childhood ALL survivors with a very long follow-
up, we found no deleterious effect of cranial irradiation additional to the gonadotoxic effect
of chemotherapy on pituitary-gonadal function. Although the treatment protocols differed
slightly, these findings are reassuring with regard to the fertility of men who have received
cranial irradiation for ALL. Although it was not the primary objective, cur study demonstrated
an impact of cranial radiotherapy on the growth hormone and thyroid axis. This emphasizes the
need for long-term follow-up in these patients. To ensure timely diagnosis and early hormone
replacement therapy, regular testing is recommended.

The risk of infertility after treatment is a major concern for cancer survivors {245, 246]. The
only established method for preserving fertility is semen cryopreservation (SCP). Surprisingly,
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despite the fact that that it is a simple procedure, Schover et al. demonstrated that only 27% of
men in a cohort in the United States diagnosed with cancer was referred for semen cryopreser-
vation [245]. Lack of information was usually the reason that sperm banking in these patients
was not performed.

For the various reasons described in this thesis , not many young boys with cancer are
referred for sperm banking, despite the fact, as we have demonstrated, that it is successful in
the majority of pubertal boys. Although it may be a difficult subject to discuss, young boys in
whom spermatogenesis may have started should be informed about the possibility of cryopre-
serving their sperm. Edge et al. investigated the fevel of understanding the need for banking
sperm in young boys and found it to be high, with an average score of 7.2 out of 10 [149].
Unlike our study, they also found a significant difference in successful sperm banking between
younger and older patients.

Edge et ak also clearly demonstrated that male patients who had [ess understanding of
sperm banking and who had more difficulty discussing sperm banking were at risk for unsuc-
cessful sperm banking. Similarly, Schover et al. demonstrated that men who chose to bank
sperm scored significantly higher on knowledge tests concerning cancer-related infertility than
those who did not bank semen [245]. These findings suggest that discussing sperm banking is
of utmost importance, and should be performed by an experienced physician or nurse practi-
tioner.

Semen analysis showed that 14 pubertai patients from our cohort of 80 adolescents had no
motile spermatozoa and the samples in question were not cryopreservead, as our dinic performs
in-vitro fertilization only with motile spermatozoa. Perhaps non-motile spermatozoa should be
frozen, as they might be used for future assisted-reproduction techniques, Although immature
spermatids and secondary spermatocytes are currently used for Intracytoplasmic Sperm Injec-
tion (ICSH), success rates are still very low [247-243]. In TESE, non-motile testicular spermatozoa
are sometimes used, which sometimes results in fertilization. However, the fertilization rate is
lower than compared to the rate when motile testicular spermatozoa are injected [250]. Suc-
cessful pregnancies have also occurred with the use of ICSI in men with immotile cilia syndrome
in whom only non-motile spermatozoa were present [251]. These data suggest that we should
consider altering our pre-freeze requirements. If non-motile spermatozoa are cryopreserved,
patients should be properly informed of the limited results that have been achieved with
them. It should also be noted that these cells are currently not used for assisted reproduction
techniques in the Netherlands and that techniques using fresh non-motile spermatozoa are
associated with a very low chance of pregnancy.

Due to the absence of spermatozoa or of motile spermatozoa, semen cryopreservation was
not feasible in 14 patients in our cohort of 80 pubertal boys - a specific but diverse group in
whom pre-treatment endocrinological evaluation does not predict sperm yield. This makes it
difficult to identify patients who might benefit from semen cryopreservation. We nonetheless
advocate that all boys with cancer who have reached Tanner stage G2 should be referred for SCP.



General Discussion

In boys who are unable to produce a semen sample, the use of electro-gjaculation technigues
shouid also be considered. This minimally invasive procedure can be performed in combination
with other procedures for which general anaesthesia is required, such as bone-marrow biopsies
ot port-a-cath placements. Electro-ejaculation in children is still not widely used. Hovay et al.
published results on its successful use in a group of six adolescents aged 18 +/- 3 {153]. Large
studies of the use and success rates of electro-ejaculation in puberial boys with cancer are not yet
available. Since attempts to produce semen may cause anxiety, distress and failure to produce
sperm, there may be good arguments for making electro-ejaculation the standard procedure for
all young boys referred for SCP. These topics should be evaluated in a prospective study.

In boys in whom spermarche has not yet started, there are no good options for securing
future fertility. As the inability to become a father in the future can have a high impact on
a patient’s psychological wellbeing in later adulthood, further research should focus on
alternative methods for preserving fertility in prepubertal children [155]. Fertility-preservation
techniques might focus on culturing and transplanting spermatogonial stem cells, which can
be harvested from testicuiar biopsies. Spermatogonial Stem Cell Transplantation (55CT} was
firstintroduced in a rodent model by Brinster and Avarbock [252], when insertion of a germ-cell
suspensien into an infertile rodent resulted in the restoration of the spermatogenic process.

The use of testicular allografting has alse been investigated. Mice-donor testicular tissue
was retrieved from cloned mice and transplanted into the testes of recipient nude mice. After
three months, the donor testicular tissue had grown into the host testicle and colonized the
seminferous tubules, in some cases inducing spermatogenesis [253]. As testicular tissue should
be harvested for these techniques, a surgical procedure is needed in young cancer patients.
Although this is an invasive procedure, Van den Berg et al. demonstrated that the majority of
parents accept the use of biopsy to collect spermatogonial stem cells {155].

Van den Berg et al. also reperted that hemicastration was accepted by as many as one-third
of the parents of childhood-cancer patients. Although the idea is promising, this technique has
some major drawbacks. The major liritation of autologous reimplantation is the re-introduction
of the malignant disease [254], especially in haemataological cancers. Most cancers in childhood
are capable of penetrating the testicular tissue, increasing the risk of reintroduction [255]. This
might be overcome by selecting the germ cells by fluorescence-activated cell-sorting. While
Fujita et al. had promising results in transplanting testicular tissue from leukemic mice to
recipient mice without inducing leukemia [256}, it should be mentioned that recurrence can be
caused by as few as five reintroduced leukemia cells [257]. The sorting method should therefore
be 100% secure. Gther options such as in-vitro maturation of spermatogonia or xenografting
should also be investigated.

Although cryopreservation causes sperm quality to dedline by approximately 50%, the
introduction over recent decades of sophisticated new assisted-reproduction technigues such
as in-vitro fertilization (IVF) and intra cytopalsmatic sperm injection {ICSH) have given men a fair
chance of future paternity [156, 161]. Currently, the success rates of IVF and ICSI treatments
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using cryopreserved semen are almost as high as those using fresh semen {167, 258]. We dem-
onstrated that approximately 7.5% of all referred men and approximately 10% of survivors, all
of whom had been rendered infertile by treatment, used their cryopreserved semen, Using
this semen, 49% of couples achieved a pregnancy and life birth.

Our data also iltustrates the relatively low success rate of Intra Uterine Insemination (Ul
using cryopreserved sermen over IVF, The use of cryopreserved semen for Ul should thus be
discouraged in certain cases, especially those in which few straws of semen can be stored. With
the new ICSI techniguee, thawing one straw of banked sperm is often sufficient for IVF treatment.
This allows the couple to undergo several treatments if necessary. Although IVF treatment is
more invasive than IU, the higher success rate and the lower quantity of motile sperm required
favour the use of cryopreserved semen for IVF. Physicians treating male cancer patients should

thus be encouraged to discuss the topic of semen ¢ryopreservation with all of these patients.






Chapter 13

wa
=
-]

CONCLUSIONS

This thesis clearly demonstrates that the infertile patient is at risk for developing testicular
cancer especially if he is diagnosed with TM. As illustrated in this thesis we advocate an active
approach in men with TM and risk factors for TGCT, which includes performing testicular biop-
sies, The health- and social impact of such an active approach should be further investigated.
Future research should also focus on the aetiology behind these microliths: the role of the
Sertoli cell and potential disruptors of gonadal development in the origin of TM should be
examined. Also efforts shoutd be made to evaluate to which hormonal disruptors pregnant
women are exposed to during early pregnancy. In this stage, male gonadal development is at
increased risk.

CIS is sometimes difficult to diagnose in testicular biopsies. Efforts have been made to
decrease the number of false negative results for CIS. This thesis demonstrates a reliable
method to evaluate testicular biopsies. On all testicular biopsies immunohistochemistry using
specific markers, such as OCT3/4, should be perfermed. This will increase the diagnostic yield
of testicular biopsies and decreases the number of false negative results.

We demonstrate that CIS cells are exfoliated in semen which can de visualized using OCT3/4.
These findings give new insights for a screening programme for men at risk for testicular cancer
which might result in higher cure rates and less treatment related sequelas. Further research
should focus on examining novel nonr-invasive diagnostic methods. Potential diagnostic mark-
ers could possibly be found in the semen of TGCT patients. If these diagnostic markers are
reliable a screening programme for testicular cancer is possible and should be investigated in
a prospective multicenter study.

Adult male cancer patients are often referred for semen cryopreservation before gonadotoxic
treatment to secure their future fertility potential. Unfortunately pre-treatment sperm quality
can already be impaired before cancer treatment has started. We demonstrate that only 7.5%
will use their cryopreserved semen which is successful in 50% of the cases. This thesis presents
pre-treatment sperm quality in male cancer patients and iiflustrates that especially patients with
TGCTs and extra-gonadat GCTs are at increased risk for diminished pre-treatment fertility.

We demonstrate that treatment protocols for childhood cancer which contains procarbazine,
high doses of cyclophosphamide, testicular and fotal body irradiation can cause severe post
treatment gonadal damage independent on the age at which this treatment is given. Patients
treated with cranial irradiation did not have pituitary-gonadal-axis dysfunction, which offers
some hope regarding fertility for childhood ALL survivors. This thesis also clearly illustrates
that semen cryopreservation is feasible in pubertal boys with cancer and should therefore be
discussed with the patient and his parents. Nor age at time of diagnosis or fertility markers can
predict successful semen cryopreservation in this specific group of patients.
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SUMMARY

Approximately 15% of all couples are affected by subfertility defined as the inability to con-
ceive after one year of unprotected intercourse. In approximately 20 percent of the couples
with fertility problems, a disturbance in male reproductive capacity is the sole cause. In the
intreduction, an update is given on the interaction between testicular development, infertility
and testicular cancer.

Testicular development is an early embryonic process and disturbances, either through
internal or external factors, may have major consequences resulting in the so-called testicular
dysgenesis syndrome. This syndrome has a variety of clinical symptoms ranging from minor
spermatogenic disturbances, cryptorchidism, hypospadia, infertility and even testicular
cancer. It is shown by several large studies that patients who have an impaired fertility are at
increased risk for the development of a testicular germ cell tumour (TGCT). Testicular cancer
is the most common cancer of young men in their 20s and 30s and the incidence of testicular
cancer is growing. Carcinoma in Situ (CIS) is currently accepted as the precursor of alf TGCTs of
adolescents and young adults (TGCTs), i.e., the seminomas and nonseminomas. CIS develops
in the testis after birth and will progress to cancer after puberty. This offers an opportunity for
screening as outlined in the introduction. The second part in the introduction elaborates on the
detrimental effects of cancer and its treatment on gonadal function.

In Chapter 4 we discuss the relevance of Testicular microlithiasis {TM}. TM has been associ-
ated with testicular germ cell tumors in adolescents and adults (TGCTs) and with its precursor
carcinoma in situ (CIS). A clear definition and a consensus concerning the malignant potential
of TM and the need for further diagnostics and follow-up are lacking. We reviewed the literature
of TM and its association with TGCT/CS and current follow-up advises. A wide variety in preva-
lence of TM is described in different populations due to different sample size, composition,
ultrasound and screening criteria. TM consists of a large heterogeneous group and must be
considered in essence a benign condition. Still, its association with TGCT is remarkable, and
may be very useful when screening for TGCTs, especially in its pre-invasive stage, in specific
risk groups. In view of its association with cancer, we propose t¢ perform testicular biopsies
in selected high-risk groups consisting of those males with additional risk factors for TGCT
development.

In Chapter 5 and 6 we describe the importance of proper evaluation of testicular biopsies.
As mentioned CIS can be found in the testis before a testicular tumcur has developed. The
goid-standard for detecting CIS is to perform a random surgical biopsy as CIS is often spread
throughout the testis. However false-negative biopsy resuits do occur as shown in Chapter
5. We show that there are multiple causes for false-negative biopsy results inciuding non-
heterogeneous distribution and the presence of only few malignant ceffs in the complete
biopsy. We demonstrated that in a selected patient population of men whom were diagnosed
with an invasive TGCT, while a matched previously obtained testicular biopsy was diagnosed
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as non-mafighant, immunohistochemistry was able to prevent 20% false negative diagnosis.
Furthermore, we performed a simplified calculation to calculate the cost-effectiveness of
performing immunohistochemistry on all testicular biopsies. In these two chapters evidence is
provided that the implementation of immunohistochemistry is most-likely cost effective, and
improves quality of patient care, and should therefore be used as standard diagnostic practice.

Two of the major characteristics of (IS including the presence of CiS befere tumor devetop-
ment and secondly the low number of false negative hiopsy results make CIS a target for early
detection and treatment. However, a testicular biopsy is an invasive procedure not suitable for
large scale screening. In chapter 7 we elaborate on an alternative method to detect CIS. CIS
cells lie in the semiferous tubules and are exfoliated with the spermatozoa. We performed a
pilot study in which we were able to detect these exfoliated celis in patients with CIS and TGCTS
using immunohistochemical markers. These findings advocate a large multicenter research
to evaluate the specificity and sensitivity of this test and should evaluate the potential for a
screening program for TGCTs. This potential screening program could than be used in selected
high risk poputations such as infertile men or men with undescended testes.

In chapter 8 we analyzed semen and endocrinclogical hormone profiles of a large cohort of
male cancer patients presenting for semen cryopreservation. Male cancer patients are referred
for semen cryopreservation as the upcoming treatment is often gonadotoxic. We show an
increase in referral and demonstrate that approximately 90% of all men are able to secure their
fertility potential by freezing motile spermatozoa. Furthermore, we demonstrate that patients
diagnosed with TGCTs or extragonadal germ cell tumors have a more impaired gonadal
function than those diagnosed with other forms of cancer. This is in line with the testicular
dysgenesis syndrome in which an impairment of testicular development leads to a variety of
problems as described above.

In chapter 9 we describe the success rate of semen cryopreservation in young pubertal boys.
During the last decades, mainly as a consegquence of improved treatment efficacy, the overall
number of childhood cancer survivors has increased substantially. As a resuit the number of
young boys referred is also steadily increasing. Semen cryopreservation in this specific sub-
groupis a stressful procedure. We analyzed if hormone profile could predict sperm quality in this
diverse group. Unfortunately no predictors were found which could indicate successful sperm
yield. However, we advocate that young boys diagnosed with cancer should be referred to a
sperm banking clinic to assess if semen cryopreservation is possible. If the patient is unable or
unwilling to masturbate electro-ejaculation could be an option to obiain motile spermatozoa.
These spermatozoa can than be preserved unti the patient has reached adulthood and wants
to use his semen to conceive. To determine the usefulness of semen cryorpreservation we
have evaluated the total number of men who used their cryopreserved semen. Approximately
10% of the cancer survivors have claimed their semen for an assisted reproduction technique
{ART). A total of 101 ART cycles were performed resulting in 25 life births. In fifty % of the men
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who used their cryopreserved semen at least one ART resulted in a iife birth. These numbers
iitustrate the importance of semen cryopreservation in male cancer patients.

To assess which patient groups are at increased risk of gonadal damage after cancer treatment
we analyzed long-term survivors of childhoed cancer. In chapter 10 we determined pituitary
and gonadal hormones including Inhibin B, which is a good marker to assess spermatogenesis,
to assess their gonadal function. Specific risk groups were found including those receiving
either procarbazine or high dosages of cyclophosphamide. Furthermore patients treated with
total body irradiation were at increased risk for gonadal dysfunction. We demonstrated that
young age at time of cryopreservation did not protect the gonads from the detrimental effects
of chemotherapy. With this data we are able to inform young patients concerning their risk on
gonadal dysfunction and might indicate which patients might benefit from more aggressive
fertility preserving techniques. In chapter 11 we focus on patients treated for childhood Acute
Lymfoblastic Leukaemia (ALL) to assess if cranial irradiation has an additional detrimental effect
on fertility in ALL treatment regimens. Therefore we compared two cohorts of childhood ALL
survivors of which one was treated with cranial irradiation. We demonstrated that cranial irradia-
tion {median 24 Gy) had an effect on pituitary function including the growth hormaone axis but
did not have an additionaf effect on gonadal function.
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Verminderde vruchtbaarheid (subfertiliteit) wordt gedefinieerd als het uitblijven van een
zwangerschap binnen 1 jaar bij onbeschermde geslachtsgemeenschap. Bij ongeveer
15% van alle paren is er nog geen zwangerschap opgetreden na 1 jaar en zij worden
beschouwd als subfertiel. In ongeveer 20 procent van deze paren is een stoorhis van de
mannelijke vruchtbaarheid de enige corzaak. Een ontwikkelingsstoornis van de zaadbal-
len {testes) is een belangrijke oorzaak van mannelijk onvruchtbaarheid. In de inleiding
van dit preefschrift wordt de relatie tussen een ontwikkelingsstcornis van de zaadbal-
fen en mannelijke onvruchtbaarheid besproken, evenals de relatie met zaadbalkanker,
De ontwikkeling van de testes is een vroeg embryonaal proces en verstoringen, hetzij via
irterne of externe factoren, kunnen grote gevolgen hebben die uiteindelijk kunnen leiden
tot het zogenaamd "testicular dysgenesis” syndroom. Dit syndroom heeft meerdere klinische
uitingen, variérend van een gestoorde spermaproductie, indalingstoornissen van de testes
{cryptorchisme), afwijkende ontwikkeling van de plasbuis (hypospadie), onvruchtbaarheid en
zelfs zaadbalkanker. In verschillende grote studies is aangetoond dat mannen met een ver-
minderde vruchtbaarheid een verhoogd risico hebben op de ontwikkeling van Kiemceltumaor
van de zaadbal. Zaadbalkanker is de meest voorkomende kwaadaardige aandoening bij jonge
mannen in hun 20° en 30¢ levensjaar. De incidentie van zaadbalkanker neemt jaarlijks toe, de
oorzaak hiervan is nog onbekend.

Carcinoma In Situ {CIS) is het voorleperstadium van zaadbalkanker. CIS kan ontstaan in dysge-
netische testes enis dan al aanwezig na de geboorte, Ulteindelijk zal CiS uitgroeien tot zaadbal-
kanker na de puberteit, als hormonen de groei van de zaadballen stimuleren. De aanwezigheid
van CIS biedt een kans voor vroegdetectie van zaadbalkanker, zoals geschetst in de inleiding
van dit proefschrift.

Na de eerste 2 inleidende hoofdstukken beschrijft hoofdstuk 3 van dit proefschrift de
relevantie van kleine verkalkingen in de zaadballen, de zogenaamde "Testicular Microlithiasis”
{TM) voor de diagnostiek van zaadbalkanker. Uit diverse studies komt naar voren dat TM geas-
socieerd is met CIS en kiemceitumoren van de testes (TGCTs). Een duidelijke definitie van TM
ontbreekt nog in de fiteratuur. Qok bestaat er geen consensus cver de relatie tussen kiemcel-
tumoren en TM en de noodzaak van verdere diagnostiek en follow-up. Een overzicht van de
titeratuur die de associatie tussen TM en TGCT /CIS onderzocht hebben wordt verricht. Vervol-
gens worden adviezen geformuleerd over de manier waarop mannen die gediagnosticeerd
zijn met TM verder onderzocht en gecontroleerd moeten werden. Een grote verscheidenheid
in de prevalentie van TM is beschreven wat mede te wijten is aan het bestaan van verschillende
steekproefgrootte, gebruik van verschillende echografische apparatuur en selectiecriteria voor
kandidaten in de verschillende studies. Onze conclusie is dat TM moet worden beschouwd als
een in essentie goedaardige aandoening, maar dat er een associatie is met zaadbalkanker ,
vooral bij mannen met risicofactoren op zaadbalkanker. TM zou een zeer nuttig hulpmiddel
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kunnen zijn bij het vroegtijdig ontdekken van zaadbalkanker, in een fase dat er nog geen
sprake is van CIS. In verband met de verhoogde kans op zaadbalkanker bij mannen met TM
. wordt voorgesteld om weefselbiopsién te nemen van beide testes in mannen met tevens
een verhoogd risico op zaadbalkanker. Dit wordt in hoofdstuk 4 verder geillustreerd middels
een case report waarin enkele valkuilen van het nemen en beoordelen van een testis biopsie
besproken worden. Hoofdstuk 5 en & beschrijven het belang van een correcte evaluatie van
testisbiopsién. Zoals vermeld kan CIS in de testis worden gevonden voordat een tumer zich
heeft ontwikkeld. Voor het stellen van de diagnose CIS is het nemen van een chirurgisch weef-
selbiopsie van de testis nodig. Deze biopsie kan op een relatief willekeurige plaats genomen
worden omdat CIS meestal verspreid voorkomt in de aangedane testis. Echter fout-negatieve
resultaten doen zich vear, zoals ook wordt aangegeven in hoofdstuk 4. Een niet hetercgene
verspreiding van CIS in de testis en de aanwezigheid van slechts enkele kwaadaardige ceflen
in het volledige biopsie weefsel zijn enkele van de in dit proefschrift aangetoonde corzaken.
immunohistochemie was, in een geselecteerde patiéntenpopulatie van mannen die werden
gediagnosticeerd met een invasieve vorm van TGCT, in 20% van de gevallen in staat om
fout-negatieve uitslagen te voorkomen. Dit terwijl een eerder verkregen testishiopsie als niet-
kwaadaardig was afgegeven. Tevens werd een berekening verricht van de kosteneffectiviteit
van de uitvoering van immunohistochemie op alle testis biopsién. In deze twee hoofdstuk-
ken wordt bewijs geleverd dat de uitvoering van immunaohistochemie kosteneffectief is, de
kwaliteit van de patiéntenzorg verbetert, en daarom altijd verricht zou moeten worden.
Twee belangrijke kenmerken van CIS, zoals de aanwezigheid van CIS véor de ontwikkeling van
zaadbalkanker en het lage aantal fout-negatieve biopsién geeft de mogelijkheid voor vroegtij-
dige opsporing van zaadbalkanker. Het verkrijgen van testes weefsel voor onderzoek is echter
een invasieve procedure en daarmee ongeschikt voor grootschalige screeningsdoeleinden.
In hoofdstuk 7 wordt een alternatieve methode beschreven om CIS te detecteren. CIS cellen
liggen in de zaadbuizen van de testis en worden uitgescheiden met het sperma tijdens een
zaadlozing. In een studie werd door ons aangetoond dat deze cellen bij patiénten met CIS en
zaadbalkanker in het sperma met behulp van immunchistochemische markers opgespoord
kan worden. Deze bevinding pleit voor een groter onderzoek om de specificiteit en sensitiviteit
van deze diagnostische test te evalueren. Deze test zou mogelijk in de toekomst gebruikt
kunnen worden om zaadba!- kanker vroegtijdig op te sporen in een geselecteerde groep man-
nen met een hoog risico, zoals onvruchtbare mannen of mannen met niet ingedaalde testes.
Hoofdstuk 8 beschrijft een groot cohort van mannelijke patiénten met verschillende vormen
van kanker. Deze mannen werden, voorafgaand aan hun behandeling, verwezen voor het
invriezen van semen (cryopreservatie). Zij worden doorgaans verwezen omdat een behandel-
ing met chemotherapie of bestraling de functie van de testes kunnen verminderan. In deze
studie biiikt dat bij ongeveer 90% van alle mannen het sperma van voldoende kwaliteit is om
in te vriezen, Bovendien blijkt dat patiénten met zaadbalkanker een verminderde testisfunctie

hebhben vergeleken met mannen die met andere vormen van kanker zijn gediagnosticeerd.
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Dit ondersteunt de “testiculaire dysgenesie” hypothese waarhij een stoornis van testiculaire
ontwikkeling leidt tot diverse problemen, waaronder onvruchtbaarheid en zaadbalkanker.

Hoofdstuk 9 beschrijft het nut van cryopreservatie van sperma bkij jongens vanaf de
puberteit, die gediagnosticeerd worden met een kwaadaardige ziekte. Gedurende de laatste
decennia zijn de overlevingskansen voor deze jongens sterk toegenomen, vooral door een ver-
beterde werkzaamheid van de behandelingen. Hierdoor neemt het aantal jongens dat wordt
verwezen voor crycpreservatie ook toe. Cryopreservatie kan om verschillende redenen voor
deze jongens een stressvolle procedure zijn en het lukt niet aktijd om sperma te produceren.
In onze studie werden geern indicatoren gevonden die het succes van semen cryopreservatie
kunnen voorspellen, zoals het stadium van de ontwikkeling van de geslachtsorganen of de hor-
moonspiegels. Dit betekend dat affe jonge jongens die gediagnosticeerd worden met kanker
en waarvan aangenomen kan worden dat de spermapreductie begonnen is, verwezen moeten
worden naar een semenbank om te beocrdelen of cryopreservatie mogelijk is. Als de patiént
niet in staat is te masturberen of hier bezwaar tegen heeft, zou elektro-ejaculatie een optie
kunnen zijn om zaadcellen te verkrijgen: in narcose wordt dan een zaadlozingsreflex opgewekt
door stimulatie van de betreffende zenuw. Deze zaadcellen moeten bewaard worden totdat
de patiént volwassen is en zifn semen wil gebruiken vocr voortplanting. Om het nut van cryo-
preservatie van semen vast te stellen is het gebruik hiervan geévalueerd. Ongeveer 10% van
de mannen die hun ziekte heeft overleeft maakt gebruik van het ingevroren semen voor een
geassisteerde voortplantingstechniek. Een totaal van 101 cycli van geassisteerde voortplant-
ing werd uitgevoerd en dit resulteerde in 25 kinderen. Deze cijfers iffustreren het belang voor
mannen van het invriezen van sperma voorafgaande aan een vruchtbaarheids beperkende
behandeling van kanlker.

In hoofdstuk 10 wordt getracht antwoord te geven op de vraag welke groepen patiénten
een verhoogd risico lopen op schade aan de testes door een behandeling van kanker op
kinderleeftijd. Hiervoor werden hypofysaire en gonadale hormonen bepaald, waaronder
inhibine B wat een goede marker is voor de productie van zaadcellen. De kinderen die het
chemotherapeuticum procarbazine of hoge doseringen cyclofosfamide hadden gekregen
danwel behandeld waren met totale lichaamsbestraling hadden een hoog risico op ernstige
testes schade. Het krijgen van chemotherapie op jonge leeftijd leeftijd, waarin ogenschijniijk
de testes in een latente periode lijken te verkeren, beschermt niet tegen de schadelijke effecten
van chemotherapie. Met deze gegevens kunnen de ouders van kinderen geinformeard worden
over hun risico op testis schade als gevolg van de behandeling: deze is afhankelijk van het
gebruikte geneesmiddel en de totale dosis die nodig is om het kind te genezen van kanker.
Hiermee kunnen patiénten geselecteerd worden die baat zouden kunnen hebben bij meer
invasieve technieken voor het behoud van de vruchtbhaarheid.

In hoofdstuk 11 wordt een onderzoek verricht naar de geslachtshormonen van patiénten die
als kind behandeld werden voor Acute Lymfoblastische Leukemie (ALL). Hierin wordt onder-
zocht of een bestraling van de hersenen een extra negatief effect heeft op de vruchtbaarheid



Samenvatting

bij de andere behandelingen voor ALL. Gekeken is naar een mogelijke verstoring van de
hypofysefunctie. Daartoe werden de kinderen vergeleken die behandeid waren zonder of met
hersenbestraling. Hieruit blijkt dat de bestraling (mediaan 24 Gy) inderdaad een effect had op
de hypofysefunctie, inclusief de groeihormoon-as, maar geen additioneel effect had op de
functie van de testis.

Dit proefschrift had als doel de relatie tussen de ontwikkeling van de testes, zaadbalkanker
en verminderde vruchtbaarheid weer te geven. Hiervoor zijn diverse studies verricht waarin
aangetoond werd dat het hebben van testiculaire microlithias, wat een teken is van een ontwik-
kelingsstoornis van de testis, een risico factor is voor het krijgen vaan zaadbal kanker. Tevens
werd aangetoond dat de voorlopert van zaadbalkanker op te sporen is via een niet invasieve
methode wat wellicht in de toekomst de mogelijkheid geeft tot preventief onderzoek. Hierna
werd toegelicht dat het opslaan van semen voorafgaand aan schadelijke chemotherapie
betangrijk is bij zowel adolescenten als volwassen mannen, Dit omdat uit dit onderzoek bleek
dat chemotherapie op kinderleeftijd zeer schadelijk kan: zijn voor de nog ontwikkelende testes.

127







Refererces

REFERENCES

1.

12.

13.

14

16.

17.

18.

1¢.

20.

2%

WHO laboratory manual for the examination of human semen and sperm-cervical mucus interaction.
Fourth edition. Cambridge University Press, 1999,

Skakkebaek NE. Possible carcinoma-in-situ of the testis. Lancet. 1972 Seg 9;2(7776):516-7.

Post PN, Casparie MK, ten Kate FJ, Oosterhuis JW. [The epidemiology of tumors of the testes in the
Netherlands: accurate rendering by the Registry of Histopathology and Cytopathoiogy (PALGA)]. Ned
Tijdschr Geneeskd. 2004 Jun 5;148(23):1150-4.

Rorth M, Rajpert-De Mevts E, Andersson L, Dieckmann KP. Fossa SD, Grigor KM, et al. Carcinoma in situ
in the testis. Scand J Ural Nephrol Suppl. 2000(205):166-86.

Looijenga LH, Costerhuis JW. Pathobiology of testicular germ cell tumors: views and news, Anal
Quant Cyto! Histol. 2002 Oct;24(5):263-79.

Dieckmann KP, Loy V. False-negative biopsies for the diagnosis of testicular intraepithelial neoplasia
(TIN)--an update. Eur Urol. 2003 May;43(5):516-21.

Hoei-Hansen CE, Carlsen E, Jorgensen N, Leffers H, Skakkebaek NE, Rajpert-De Meyts E. Towards a
non-invasive method for early detection of testicular neoplasia in semen samples by identification of
fetal germ cell-specific markers. Hum Repred. 2007 Jan;22(1):167-73.

Jacobsen R, Bostofte E, Engholm G, Hansen J, Olsen JH, Skakkebaek NE, et al. Risk of testicular cancer
in men with abnormal semen characteristics: cohort study. Bmj. 2000 Sep 30;321{7264).789-92.

de Gouveia Brazao CA, Pierik FH, Qosterhuis Jw, Dohle GR, Loaijenga LH, Weber RF. Bilateral testicular
microlithiasis predicts the presence of the precursor of testicular germ cell tumors in subfertile men.
JUrol. 2004 Jan;171(1):158-60.

Costerhuis JW, Kersemaekers AM, Jacobsen GK, Timmer A, Steyerberg EW, Molier M, et al. Mor-
phology of testicular parenchyma adjacent to germ cell tumours. An interim report. Apmis. 2003
Jan;111(1):32-40; discussion 1-2.

Dieckmann KP, Kulejewski M, PichImeier U, Loy V. Diagnosis of Contralateral Testicular Intraepithelial
Neoplasia (TIN) in Patients with Testicular Germ Cell Cancer: Systematic Two-Site Biopsies Are More
Sensitive Than a Single Random Biopsy. Eur Urol. 2006 Epub Jun 13,

de Jong 4, Looijenga LH. Stem Cell Marker OCT3/4 in Tumor Biotogy and Germ Cell Tumor Diagnostics:
History and Future. Crit Rev Oncog. 2006;12{3-4):171-203.

de Jong J, Stoep H, Dohie GR, Bangma CH, Kliffen M, van Esser JW, et al. Diagnostic vaiue of OCT3/4
for pre-invasive and invasive testicular germ cell tumours. ) Pathol, 2005 Jun;206(2):242-9.

Jones TD, Ulbright TM, Eble JN, Cheng L. OCT4: A sensitive and specific biomarker for intratubular
germ cell neoplasia of the testis, Clin Cancer Res. 2004 Dec 15;10(24):8544-7.

Parra BL, Venabie DD, Gonzalez E, Eastham JA. Testicular microlithiasis as a predictor of intratubular
germ cell neoplasia. Urology. 1996 Nov;48(5):797-9,

Doherty £, Mullins TL, Sant GR, Drinkwater MA, Ucci AA, Jr. Testicular microlithiasis. A unique sono-
graphic appearance. § Uitrasound Med. 1987 Jul;6(7):385-62.

Aizenstein Rl, DiDomenico D, Withur AC, O'Neil HK. Testicular microlithiasis: association with male
infertility. ) Clin Ultrasound. 1998 May;26{4):195-8.

von Eckardstein S, Tsakmakidis G, Kamischke A, Rolf C, Nieschlag E. Sonographic testicular microli-
thiasis as an indicator of premalignant conditions in normal and infertile men. J Androl. 2001 Sep-
Qct;22(5):818-24.

Hallak J, Kelettis PN, Sekhon VS, Thomas Al, Jr, Agarwai A. Cryopreservation of sperm from patients
with leukemia: is it worth the effort? Cancer. 1999 May 1;85(9):1973-8.

Pate{ RP, Kolan TF, Huff DS, Carr MC, Zderic SA, Canning DA, et al. Testicular microlithiasis and antisperm
antibodies following testicular biopsy in boys with cryptorchidism. J Urol. 2005 Nov;174(5):2008-1¢;
discussion 10.

Husmann DA, Cryptorchidism and its relationship to testicular neoplasia and microlithiasis. Urology.
2005 Aug;66(2):424-6.

129




Chapter 15

-
w
Qo

22.

23.

24,

25,

26.

27.

28.

29,

30.

3%

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

Riebel T, Herrmann C, Wit J, Seliin 5. Ultrasonographic late resuits after surgically treated cryptorchi-
dism. Pediatr Radicl, 2000 Mar;30(3):151-5,

Ganem JP, Workman KR, Shaban SF. Testicular microlithiasis is associated with testicular pathology.
Urology. 1999 Jan;53(1}:209-13.

Jaramillo D, Perez-Atayde A, Teele RL. Sonography of testicular microlithiasis. Urol Radiol.
1988;11(1):55-7.

Guzman Martinez-Valls PL, Hita Villaplana G, Fernandez Aparicio T, Minana Lopez B, Martinez Diaz F,
Sanchez Gascon F. {Significance and management of testicular microlithiasis]. Arch Esp Urol. 2003
Jun;56(5%:472-7.

Ajzenstein Rl, Hibbeln JF, Sagireddy B, Wilbur AC, O'Neil HK, Kiinefelter’s syndrome associated
with testicular microlithiasis and mediastinal germ-cell neoplasm. J Clin Ultrasound. 1997 Nov-
Dec;25{9):508-10.

Kaveggia FF, Strassman MJ, Apfelbach GL, Hatch JL, Wirtanen GW. Diffuse testicular microlithiasis
associated with intratubular germ cell neoplasia and seminoma. Urclogy. 1996 Nov;48(5):794-6.
Ringdahl £, Claybrook K, Teague JL, Northrup M. Testicular microlithiasis and its relation to testicular
cancer on ultrasound findings of symptomatic men, j Urol. 2004 Nov;172(5 Pt 1}:1904-6.

Yagci €, Ozcan H, Aytac S, Aydos K, Atasoy C, Testicular microlithiasis associated with seminoma: Gray-
scale and color Doppler ultrasound findings. Urol int. 1996;57(4}:255-8.

Middleton WD, Teefey SA, Santillan C5. Testicular microlithiasis: prospective analysis of prevalence
and associated tumor. Radiclogy. 2002 Aug;224{2):425-8,

Ikinger U, Wurster K, Terwey B, Mohring K. Microcalcifications in testicutar mafignancy: diagnostic tool
in occult tumeor? Urology, 1982 May;19(5):525-8,

Peterson AC, Bauman JM, Light DE, McMann LP, Costabile RA, The prevalence of testicular microlithia-
sis in an asymptomatic population of men 18 to 35 years old. ) Urol. 2001 Dec;166(6):2061-4.
Vegni-Talluri M, Bigliardi E, Vanni MG, Tota G. Testicular microliths: their origin and structure. J Urol.
1980 Juk124{1):105-7.

Nakagawa A, Shiratsuchi A, Tsuda K, Nakanishi Y. In vivo analysis of phagocytosis of apoptotic cells by
testicular Sertoli cells, Mol Reprod Dev. 2005 Jun;71(2):166-77.

Drut R, Drut RM. Testicular micrelithiasis: histologic and immunohistochemical findings in 11 pediat-
ric cases. Pediatr Dev Pathol. 2002 Nov-Dec;5(6):544-50.

De Jong BW, De Gouveia Brazac CA, Stoop H, Wolffenbuttel KP, Gosterhuis JW, Puppels GJ, et al.
Raman spectroscopic analysis identifies tasticular microlithiasis as intratubuiar hydroxyapatite. J Urof.
2004 Jan;171(1):92-6.

Renshaw AA. Testicular calcifications: incidence, histology and proposed pathologicat criteria for
testicular microlithiasis. J Urol, 1998 Nov; 160{5):1625-8.

Backus ML, Mack LA, Middleton WD, King BF, WinterTC, 3rd, True LD, Testicular microlithiasis: imaging
appearances and pathologic correlation. Radiology. 1994 Sep;192(3):781-5.

Sanli O, Kadioglu A, Atar M, Acar O, Nane |, Kadioglu A. Grading of classical testicular microlithiasis has
no effect on the prevalence of associated testicular tumaors. Urel Int. 2008;80(3):310-6,

Huyghe E, Plante P, Thonneau PF. Testicular cancer variations in time and space in Europe. Eur Urol,
2007 Man51(3):621-8.

Skakkebaek NE. Carcinoma in situ of the testis: frequency and relationship to invasive germ cell
tumours in infertite men. Histopathology. 1978 May;2(3):157-70.

Schmoll HJ, Souchon R, Krege S, Albers P, Beyer J, Kollmannsberger C, et al, European consensus on
diagnosis and treatment of germ cell cancer: a report of the European Germ Cell Cancer Consensus
Group (EGCCCG). Ann Oncol. 2004 Sep;15(9):1377-99,

Kang JL, Rajpert-De Meyts E, Giwercman A, Skakkebaek NE, The association of the testicular carci-
noma in situ with intratubular microcalcifications. J Urol Pathol. 1994;2:235-42.

Lenz S, Giwercman A, Skakkebaek NE, Bruun E, Frimodt-Moller C. Ultrasound in detection of early
neoplasia of the testis, int J Androl. 1987 Feb;10(1):187-90.



45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.
56.

57.

58.

59.

60.

61.

62.
63,

64.

65.

66.

References

Hoei-Hansen CE, Holm M, Rajpert-De Meyts E, Skakkebaek NE. Histolegical evidence of testicular
dysgenesis in contralateral biopsies from 218 patients with testicular germ cell cancer. § Pathol. 2003
Jul;200(33:370-4.

Winter TC, 3rd, Zunkel DE, Mack LA. Testicular carcinoma in a patient with previously demonstrated
testicular micrelithiasis. J Urol. 1996 Fel;155(2):648.

Linke J, Loy V, Dieckmann KP. Prevalence of tasticular intraepithelial neoplasia in healthy males. ) Urol.
2005 May;173(5):1577-.

von der Maase H, Rorth M, Walbom-Jorgensen S, Sorensen BL, Christophersen 15, Hald T, et al. Carci-
noma in situ of contralateral testis in patients with testicular germ cell cancer: study of 27 cases in 500
patients. Br Med J (Clin Res Ed). 1986 Nov 29;293(6559):1398-401.

Holm M, Hoei-Hansen CE, Rajpert-De Meyts E, Skakkebaek NE. Increased risk of carcinoma in situ in
patients with testicular germ cell cancer with uitrasonic microlithiasis in the contralateral testicle. J
Urol. 2003 Oct;170(4 P£ 1):1163-7.

Bach AM, Hann LE, Shi W, Giess C5, Yoo HH, Sheinfeid J, et al. Is there an increased incidence of con-
tralateral testicular cancer in patients with intratesticular microlithiasis? AJR Am J Roentgenol. 2003
Feb;180(2):497-500.

Skakkebaek NE, Hotm M, Hoei-Hansen C, Jorgensen N, Rajpert-De Meyts E. Association between
testicular dysgenesis syndrome (TDS} and testicular neoplasia: evidence from 20 aduit patients with
signs of maldevelopment of the testis. Apmis. 2063 Jan;111(1):1-8; discussion -11.

Harland SJ, Cook PA, Fossa SD, Horwich A, Mead GM, Parkinson MC, et al. Intratubuiar germ cell
neoplasia of the contralateral testis in testicular cancer: defining a high risk group. J Urol, 1998
Oct;160(4):1353-7.

Haolm M, Lenz 5, De Meyts ER, Skakkebaek NE. Microcalcifications and carcinoma in situ of the testis.
BJU Int. 2001 Jan;87(2):144-9.

Dagash H, Mackinnon EA. Testicular microlithiasis: what does it mean clinically? BJU Int. 2007
3an;99(1):157-60.

Zastrow S, Hakenberg OW, Wirth MP. Significance of testicular micralithiasis. Urol int, 2005;75(1):3-7.
DeCastro BJ, Peterson AC, Costabile RA. A 5-year followup study of asymptomatic men with testicular
microtithiasis. J Urol. 2008 Apr;17%(4):1420-3; discussion 3.

Bach AM, Hann LE, Hadar O, Shi W, Yoo HH, Giess (S, et al. Testicular microlithiasis: what is its associa-
tion with testicular cancer? Radiology. 2001 Jul;220(1):70-5.

Ctite U, Webb JA, Oliver RT, Badenoch DF, Nargund VH. Testicular micrelithiasis: is it a benign condi-
tion with malignant potential? Eur Urol. 2007 Nov;40(5):538-42.

Coffey J, Huddart RA, Elliott F, Sohaib SA, Parker E, Dudakia D, et al. Testicular microlithiasis as a familial
risk factor for testicular germ cell tumeour. Br J Cancer. 2007 Dec 17;97{12):1701-6.

Ravichandran S, Smith R, Cornford PA, Fordham MV. Surveillance of testicular microfithiasis? Results
of an UK based national questionnaire survey. BMC Urol, 2006;6:8.

Huyghs E, Muller A, Mieusset R, Bujan L, Bachaud Jv,, Chevreau C, et al. Impact of diagnostic delay in
testis cancer: results of a large population-based study. Eur Urol. 2007 Dec;52(6):1710-6.

Miller FN, Sidhu PS. Does testicular microlithiasis matter? A review, Clin Radiol. 2002 Oct;57(10):883-90.
Dieckmann KP, Skakkebaek NE. Carcinoma in situ of the testis: review of biological and clinical fea-
tures. Int J Cancer. 1999 Dec 10;83(6):815-22.

Raman JT, Nobert CF, Goidstein M. increased incidence of testicular cancer in men presenting with
infertility and abnormal semen analysis. J Urol. 2005 Nov;174{5):1819-22; discussion 22.

Dieckmann KP, Kulejewski M, Pichimeier U, Loy V. Diagnosis of contralateral testicular intraepithelial
neoplasia (TIN) in patients with testicular germ cell cancer: systematic two-site biopsies are more
sensitive than a single random biopsy. Eur Urol. 2007 Jan;51(1):175-83; discussion 83-5.

Berthelsen JG, Skakkebaek NE. Value of testicular biopsy in diagnosing carcinoma in situ testis. Scand
J Urol Nephrol. 1981;15(3):165-8.

31




Chapter 15

jury
w
N

67.

68.

69.

70.

71

72,

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84,

85,

86.

87.

van Casteren NJ, Boellaard WP, Dohle GR, Weber RF, Kuizinga MC, Stoop H, et al. Heterogeneous
distribution of ITGCNU in an adult testis: consequences for biopsy-based diagnosis. Int 1 Surg Pathol.
2008 Jan;16(1):21-4.

Giwercman A, Skakkebaek NE. Carcinoma in situ of the testis: biology, screening and management.
Eur Urol, 1993;23 Suppl 2:19-21.

van Casteren NJ, de jong J, Stoop H, Steyerberg EW, de Bekker-Grob EW, Dohle GR, et al. Evaluation of
testicular biopsies far carcinoma in situ: immunochistochemistry is mandatory. Int J Androl. 2008 Sep 16.
Bennett HE, Middieton WD, Buliock AD, Teefey SA, Testicular microlithiasis: US feliow-up. Radiology.
2001 Feb;218(2):359-63.

Gori S, Porrozzi S, Roila F, Gatta G, De Giorgi U, Marangolo M. Germ celt tumours of the testis. Crit Rev
Oncol Hematol, 2005 Feb;53{2):141-64,

Huyghe E, Matsuda T, Thonneau P. increasing incidence of testicular cancer worldwide: a review. J
Urol. 2003 Jub170(1):5-11.

Bhardwa JM, Powies T, Berney D, Baithun S, Nargund VH, Oliver RT. Assessing the size and stage of
testicular germ cell tumours; 1984-2003. BJU Int, 2005 Oct;96(6):819-21.

Looijenga LH, Stoop H, de Leeuw HP, de Gouvela Brazao CA, Giliis AJ, van Roozendaal KE, et al. POUSF1
{OCT3/4) identifies cells with pluripotent potential in human germ cell tumors. Cancer Res. 2003 May
1:63(9):2244-50.

Looijenga LH, de Leeuw H, van Oorschot M, van Gurp RJ, Stoop H, Gillis AJ, et ai. Stem ceil factor
recaptor (c-KIT} codon 816 mutations predict development of bilateral testicular germ-cell tumors.
Cancer Res. 2003 Nov 15;63{22).7674-8.

Kliesch S, Thomaidis T, Schutte B, Puhse G, Kater B, Roth 5, et al. Update on the diagnostic safety for
detection of testicular intraepithelial neoplasia (TIN). Apmis, 2003 Jan;111(1):70-4; discussion 5.
Dieckmann XP. Pichimeier U. Clinical epidemiology of testicular germ cell tumors. World J Urel. 2004
Apr22{1k2-14.

Kim B, Winter TC, 3rd, Ryu JA. Testicular microlithiasis: clinical significance and review of the literature.
Eur Radiol. 2003 Dec;13(12):2567-76.

Krege S, Beyer J, Souchon R, Albers P, Albrecht W, Algaba F, et al. European consensus conference on
diagnosis and treatment of germ cell cancer: a report of the second meeting of the European Germ
Cell Cancer Consensus group (EGCCCG): part |. Eur Urel, 2008 Mar;53(3):478-96.

Petersen PM, Giwercman A, Daugaard G, Rorth M, Petersen JH, Skakkeaek NE, et al. Effect of graded
testicular doses of radiotherapy in patients treated for carcinoma-in-situ in the testis. J Clin Oncol.
2002 Mar 15;20{6):1537-43.

Giwercman A, von der Maase H, Berthelsen JG, Rorth M, Bertelsen A, Skakkebaek NE. Localized irra-
diation of testes with carcinoma in situ: effects on Leydig cell function and eradication of malignant
germ cells in 20 patients. ) Clin Endocrinel Metab, 1991 Sep;73(3):556-603.

de Gouvela Brazao CA, Pierik FH, Erenpreiss Y, de Jong FH, Dohle GR, Weber RF. The effect of cryptor-
chidism on inhibin B in a subfertite population, Clin Endocrino! (Oxf}, 2003 Jui;52(1):136-41.

Prym €, Lauke H. Carcinoma-in situ of the humar: testis: tumour cells are distributed focally in the
seminiferous tubules. Andrologia. 1994 Jui-Aug;26({4):231-4.

Loy V, Wigand |, Dieckmann KP. Incidence and distribution of carcinoma in situ in testes removed
for germ cell tumour: possible inadequacy of random testicular biopsy in detecting the condition.
Histopathelogy. 1990 Feb;16(2):198-200,

Holstein AF, Lauke H. Histologic diagnostics of early testicular germ-cell tumor. int J Urcl. 1996
May,;3(3):165-72.

Eble IS, G. Epstein, JI. Sesterhenn, IA. WHC Classification of Tumours. Pathology and genetics of
tumours of the urinary system and male genizal organs. WHO press, Geneva, Switzerland. 2004.

Sant M, Aareleid T, Artioli ME, Berrino F, Coebergh JW, Cofonna M, et al. Ten-year survival and risk of
relapse for testicular cancer: a EUROCARE high resolution study. Eur J Cancer. 2007 Feb;43(3%.585-92.



88.

89.

0.

a1.

92.

93.

94,

95.

96.

97.

98.

99,

100.

101.

102

103.

104,

105,

108.

107.

108.

References

Paiva J, Damjanov |, Lange PH, Harris H, Immunohistechemical localization of placental-like atka-
line phosphatase in testis and germ-celi tumors using monoclonal antibodies. Am J Pathol, 1983
May;111{2):156-65.

Jacobsen GK, Norgaard-Pedersen B. Placental alkaline phosphatase in testicular germ cell tumours
and in carcinoma-in-situ of the testis. An immunchistochemical study. Acta Patho! Microbiol Immu-
nol Scand [Al. 1984 Sep;92(5):323-9.

Beckstead JH. Alkaline phosphatase histochemistry in human germ cell neoplasms. Am J Surg Pathol.
1983 Jun;7(4):341-9.

Rajpert-De Meyts £, Skakkebaek NE. Expression of the c-kit protein product in carcinoma-in-situ and
invasive testicular germ cell tumours, IntJ Androl. 1994 Apr;17{2):85-92.

Winstanley AM, Mikuz G, Debruyne F, Schulman CC, Parkinson MC. Handling and reporting of biopsy
and surgica! specimens of testicular cancer. Eur Urol. 2004 May;45(5):564-73.

van Casteren NJ, Boellaard W, Dohle GR, Weber RFA, Kuizinga MC, Steop H, et al. Heterogeneous
distribution of ITGCNU in an adult testis; conseguences for biopsy-based diagnosis. Int J Surg Pathol.
2007;In press.

Bokemeyer C, Schmoll H). Treatment of testicular cancer and the development of secondary malig-
nancies. J Clin Oncol. 1995 jan;13(15283-92.

Petersen PM, Daugaard G, Rorth M, Skakkebaek NE. Endocrine function in patients treated for carci-
noma in sity in the testis with irradiation. Apmis. 2003 Jan;111(1}:93-8; discussion 8-9.

Moller H, Skakkebaek NE. [Occurrence of testicular cancer in subfertile men. A case-control studyl.
Ugeskr Laeger. 1999 Nov 22;161(47):6490-2.

Olesen 1A, Hoei-Hansen CE, Skakkebaek NE, Petersen JH, Rajpert-De Meyts E, Jorgensen N. Testicular
carcinoma in situ in subfertile Ganish men. Int J Androl. 2007 Aug;30{4):406-11; discussion 12.
Qosterhuis JW, Looijenga LH. Testicular germ-cell tumours in a broader perspective. Nat Rev Cancer,
2005 Mar;5(3):210-22.

Maffezzini M. TC incidence increasing: spread the word. Eur Urol, 2007 Mar;51{3):596-7.

Post PN, Casparie, MK, Kate, FIW. ten en Qosterhuis, J.W. Epidemiologie van testistumoren in
Nederland: accurate weergave in de PALGA-registratie. Nederlands tijdschrift voor Geneeskunde.
2004;148:1150-4.

Hoei-Hansen CE, Rajpert-De Meyts E, Daugaard G, Skakkebaek NE. Carcinoma in situ testis, the pro-
genitor of testicular germ cell tumours: a clinical review. Ann Gncol. 2005 Jun;16(6):863-8,

Honecker F, Stoop H, de Krijger RR, Chris Lau YF, Bokemeyer C, Looijenga LH. Pathobiological implica-
tions of the expression of markers of testicular carcinoma in situ by fetat germ ceils. ) Pathol. 2004
jul;203(3):849-57.

Perry A, Wiley EL, Albores-Saavedra J. Pagetoid spread of intratubular germ celt neoplasia into rete
testis: a morphologic and histochemical study of 100 orchiectomy specimens with invasive germ cell
tumors. Hum Pathol. 1994 Mar;25(3):235-G.

Dieckmann KP, Besserer A, Loy V. Low-dose radiation therapy for testicular intraepithelial necplasia, i
Cancer Res Clin Oncel, 1993;119(6):355-9.

Czaplicki M, Rojewska J, Pykalo R, Szymanska K. Detection of testicular neopiasms by cytelogical
examination of seminal fluid. } Urol. 1987 Oct;138(4):787-8.

Giwercman A, Marks A, Skakkebaek NE. Carcinoma-in-situ germ-cells exfoliated from seminiferous
epithelium into seminal fluid. Lancet. 1988 Mar 5;1(8584):530.

Meng FJ, Zhou Y, Giwercman A, Skakkebaek NE, Geurts van Kessel AD, Suitkerbuijk RE. Fluorescence in
situ hyhridization analysis of chromosome 12 anomalies in semen celis from patients with carcinoma
in situ of the testis, 1 Pathol, 1998 Nov;186(3):235-9.

Hoei-Hansen CE, Rajpert-De Meyts E, Carisen E, Almstrup K, Leffers H, Skakkebaek NE. A subfertile
patient diagnosed with testicular carcinoma in situ by immunccytological staining for AP-2gamma
in semen samples: case report. Hum Reprod. 2005 Mar;20(3):579-82.

133




Chapter 15

pory
w
=3

109.

110,

11

112

113.

114,

115,

116.

117,

118.

119.

120,

121.

122

123.

124,

125,

126.

127.

128.

129,

130,

Brackenbury ET, Grigor KM, McIntyre MA, Howard GC, Hargreave TB. Negative testicular biopsy and
asynchronous bilateral testicular germ cell tumour. Eur Urol. 1994;25(1):79-81.

Meng FJ, Zhou Y, Skakkebaek NE, Marks A, Giwercman A, Detection and enrichment of carcinoma-in-
situ cells in semen by an immunomagnetic method using monocional antibody M2A. [t J Androl.
1996 Dec;19(6):365-70.

Andrews PW, Damjanov |, Simon D, Banting GS, Carlin C, Dracopoli NC, et ai. Pluripotent embryonal
carcinoma clones derived from the human teratocarcinoma cell fine Tera-2. Differentiation in vive and
invitro. Lab Invest. 1984 Feb;50(2):147-62.

Giwercman A, Cantell L, Marks A. Placental-like alkaline phosphatase as a marker of carcinoma-in-situ
of the testis. Comparison with monocional antibodies M2A and 43-9F. Apmis. 1991 Jul;99(7):586-94.
Giwercman A, Hopman AH, Ramaekers FC, Skakkebaek NE. Carcinoma in situ of the testis. Detec-
tion of matignant germ cells in seminal fluid by means of in situ hybridization. Am J Pathol. 1990
Mar; 136{3):497-502.

Giwercman A, Muller J, Skakkebaek NE. Prevalence of carcinoma in situ and other histopatho-
logical abnormalities in testes from 399 men who died suddenly and unexpectedly. J Urol. 1991
Jar;145(1):77-80.

Schutte B, Holstein AF, Schirren €. Macrophages lysing seminoma cells in patients with carcinoma-in-
situ {CIS) of the testis. Andrologia. 1988 Jul-Aug;20(4):295-303.

Kelimannsberger C, Kuzcyk M, Mayer F, Hartmann JT, Kanz &, Bokemeyer C. Late toxicity feliowing
curative treatment of testicutar cancer, Semin Surg Oncel, 1999 Dec;17{4):275-81.

Daugaard G, Giwercman A, Skakkebaek NE. Should the other testls be biopsied? Semin Urol Oncol.
1996 Feb;14{1):8-12.

van Casteren NJ, van Santbrink EJ, van Inzen W, Romiin JC, Dohle GR. Use rate and assisted reproduc-
tion technologies cutcome of cryopreserved semen from 629 cancer patients, Fertil Steril. 2008 Jan 11,
Agarwal A, Ranganathan P, Kattal N, Pasqualotto F, Hallak J, Khayal 5, et af. Fertility after cancer: a
prospective review of assisted reproductive outcome with banked semen specimens. Fertif Steril,
2004 Feb;81(2):342-8.

Agarwal A, Shekarriz M, Sidhu RK, Thomas AJ, Jr. Value of clinical diagnosis in predicting the quality of
cryopreserved sperm from cancer patients. J Urol. 1896 Mar;155(3).934-8.

Agarwal A, Allamaneni 55. Disruption of spermatogenesis by the cancer disease process, J Natl Cancer
inst Monogr. 2005(34).9-12.

WHO. W.H.O. laboratory manual for the examination of human semen and sperm-cervical mucus
interaction. Fourth edition. Cambridge University Press. 1999,

Pierik FH, Vreeburg JT, Stiinen T, De Jong FH, Weber RF. Serum inhibin B as a marker of spermatogen-
esis. J Clin Endocrinol Metab, 1998 Sep;83(9):3110-4.

Piertk FH, Burdorf A, de Jong FH, Weber RF. Inhikin B: a novel marker of spermatogenesis. Ann Med.
2003;35(1):12-20.

Petersen PM, Skakkebaek NE, Vistisen K, Rorth M, Giwercman A, Semen quality and reproductive
hormanes before orchiectorny in men with testicular cancer. J Clin Oncol. 1999 Mar;17{3):941-7.
Vigersky RA, Chapman RM, Berenberg J, Glass AR. Testicular dysfunction in untreated Hodgkin’s
disease. Am J Med. 1982 Oct;73(4):482-6,

Jacobsen KD, Thecdorsen L, Fossa SD. Spermatogenesis after unilateral orchiectomy for testicular
cancer in patients following surveillance policy. J Urol 2001 Jan;165(1}:93-6.

Carlsen E, Andersson AM, Petersen JH, Skakkebaek NE. Histery of febrile iliness and variation in semen
quality. Hum Reprod. 2003 Oct;18(101:2089-92.

Coebergh DJWW. Cancer in the Netherlands. Trends,pregnosis and inpications for health care (KWF}.
2004.

Relander T, Cavallin-Stah! E, Garwicz S, Olsson AM, Willen M. Gonadal and sexual function in men
treated for childhood cancer. Med Pediatr Oncol. 2000 Jul;35(1):52-63.



131

132,

133.

134,

135,

136.

137.

138.

139.

140.

141,

142,

143,

144,

145.
146.

147,

148,

149,

150.

152,

153,

References

Jenney ME, Levitt GA. The quality of survival after childhood cancer. Eur J Cancer. 2002 Jun;38{(9):1241-
50; discussion 51-3.

Wallace WH, Anderson RA, Irvine DS, Fertility preservation for young patients with cancer: who is at
risk and what can be offered? Lancet Oncol. 2005 Apr;6(45:209-18.

Aslam |, Fishel S, Moore H, Dowell K, Thornton S. Fertility preservation of boys undergoing anti-
cancer therapy: a review of the existing situation and prospects for the future. Hum Reprod. 2000
Oct;15(10)0:2154-9.

Cicognani A, Pasini A, Pession A, Pirazzofi B Burnelli R, Barbieri E, et al. Gonadal function and pubertal
development after treatment of a childhood malignancy. ) Pediatr Endocrino! Metab, 2003 Mar;16
Suppl 2:321-6.

Ranganathan B Mahran AM, Hallak J, Agarwal A. Sperm cryopreservation for men with nonmalignant,
systemic diseases: a descriptive study. J Androl. 2002 Jan-Feb;23(1):71-5.

Nielsen CT, Skakkebaek NE, Richardson W, Darling JA, Hunter WM, Jorgensen M, et al. Onset of the
release of spermatozoa (spermarche) in boys in relation to age, testicular growth, pubic hair, and
height. J Clin Endocrinol Metab. 1986 Mar;62(3):532-5.

Bahadur G, Ling KL, Hart R, Ralph D, Wafa R, Ashraf A, et al. Semen quality and cryopreservation in
adolescent cancer patients, Hum Reprod. 2002 Dec;17{(12):3157-61.

Muller 4, Sonksen J, Sommer B, Schmiegelow M, Petersen PM, Heilman C, et al. Cryopreservation of
semen from pubertal boys with cancer. Med Pediatr Oncol. 2000 Mar;34(3):191-4.

Postovsky S, Lightman A, Aminpour D, Elhasid R, Peretz M, Arush MW. Sperm cryopreservation in
adolescents with newly diagnosed cancer. Med Pediatr Oncal. 2003 Jun;40(6):355-9.

Kamischke A, jurgens H, Hertle L, Berde! WE, Nieschlag E. Cryopreservation of sperm from adoles-
cents and adults with malignancies.  Androl. 2004 Jul-Aug;25(4):586-62.

Ginskerg JF, Ogle SK, Tuchman LK, Carlson CA, Reilly MM, Hobbie W1, et al, Sperm Banking for Adoles-
cent and Young Adult Cancer Patients: Sperm Quality, Patient, and Parent Perspectives, Pediatr Blood
Cancer. 2007 May 18.

WHQ. WHO laboratory manual for the examination of human semen and sperm-cervical mucus
interaction. Fourth edition. Cambridge University Press. 1999,

WHO., WHO laboratory manual for the examination of human semen and sperm-cervical mucus
interaction. Third edition. Cambridge University Press. 1993.

Bahadur G, Whelan J, Raiph D, Hindmarsh B, Gaining consent to freeze spermatozoa from adolescents
with cancer: legal, ethical and practical aspects. Hum Reprod. 2001 Jan;16{1):188-93.

Meirow D, Schenker JG. Cancer and male infertility. Hum Reprod. 1995 Aug;10(8):2017-22.

Ciarke RN, Klock 3C, Geoghegan A, Travassos DE. Relationship between psychological stress and
semen quality among in-vitro fertilization patients. Hum Reprod. 1999 Mar;14(3):753-8.

Emery M, Senn A, Wisard M, Germond M. Ejaculation failure on the day of cocyte retrieval for [VF: case
report, Hum Reprod, 2004 Sep;19(9):2088-90.

Bahadur G, Ling KL, Hart R, Ralph T, Riley V, Wafa R, et al. Semen production in adolescent cancer
patients. Hum Reprod. 2002 Oct;17{(10):2654-6.

Edge B, Holmes D, Makin G. Sperm banking in adolescent cancer patients. Arch Dis Child. 2006
Feb;91(2):149-52.

Bahadur G, Czturk O, Muneer A, Wafa R, Ashraf A, Jaman N, et al. Semen quality before and after
gonadotoxic treatment. Hum Reprod. 2005 Mar;20(3).774-81.

. Kumanov P, Nandipati K, Tomova A, Agarwal A. Inhibin B is a better marker of spermatogenesis than

other hormones in the evaluation of male factor infertility. Fertil Sterll. 2006 Aug;86{2):332-8.
Radicioni AF, Anzuini A, De Marco E, Nofroni |, Castracane VD, Lenzi A. Changes in serum inhibin B
during nermal male puberty. Eur J Endocrincl. 2005 Mar;152(3):403-9.

Hovav Y, Dan-Goor M, Yaffe H, Almagor M. Electrogjacuiation before chemotherapy in adclescents
and young men with cancer. Fertil Steril. 2001 Apr;75{4):811-3.

135




Chapter 15

-
w
o

154,

155,

156.

157.

158.

159,

160.

161,

162.

163.

164.

165.

166.

167.

168.

169,

170.

171

172.

173.

174,

Schmiegelow ML, Sommer B Carlsen E, Sonksen JQ, Schmiegelow X, Muller JR. Penile vibratory
stimulation and electroejaculation before anticancer therapy in twe pubertal boys, I Pediatr Hematol
Oncol. 1998 Sep-Oct;20(5):429-30.

van den Berg H, Repping S, van der Veen F. Parental desire and acceptability of spermategonial stem
cell cryopreservation in boys with cancer, Hum Reprod. 2006 Sep 25.

Palerme G, Joris H, Devroey P, Van Steirteghem AC. Pregnancies after intracytoglasmic injection of
single spermatozoon into an oocyte. Lancet. 1992 Jul 4;340{8810):17-8.

Konc J, Kanyo K, Cseh S. Deliveries from embryos fertilized with spermatozoa obtained from cryopre-
served testicular tissue. J Assist Reprod Genet. 2006 May;23(5}.247-52.

Schmidt KL, Larsen E, Bangsboll 5, Meinertz H, Carlsen E, Andersen AN. Assisted reproduction in male
cancer survivors: fertility treatment and outcome in 67 couples. Hum Reprod, 2004 Dec;19(12):2806-10.
Bunge RG, Sherman JK. Fertilizing capacity of frozen human spermatozoa. Nature. 1853 Qct
24;172(4382:767-8.

Agarwal A, Tolentino MV, Jr,, Sidhu RS, Ayzman |, Lee JC, Thomas Al, Jr., et ai. Effect of cryopreservation
on semen guality in patients with testicular cancer. Urology. 1995 Sep;46(3):382-9.

Hallak J, Hendin BN, Thomas Al, Jr, Agarwal A. Investigation of fertilizing capacity of cryopreserved
spermatozoa from patients with cancer. ) Urol. 1998 Apr;15%{4):1217-20.

Hallak J, Mahran A, Chae J, Agarwal A. Poor semen guality from patients with malignancies does not
rule out sperm banking. Urol Res. 2000 Aug;28{4%281-4.

Allen C, Keane D, Harrison RF. A survey of lrish consultants regarding awareness of sperm freezing and
assisted reproduction. Ir Med J. 2003 Jan;96(1):23-5,

Zapzatka DM, Redmon JB, Prycr JL. A survey of encologists regarding sperm cryopreservation and
assisted reproductive technigues for male cancer patients. Cancer. 1999 Nov 1;86(9):1812-7.

Schover LR, Brey K, Lichtin A, Lipshultz L, Jeha S. Oncologists’ atiitudes and practices regarding bank-
ing sperm before cancer treatment. J Clin Oncol. 2002 Apr 1,20(7%:1890-7,

Nagy Z, Liu J, Cecile J, Silber S, Devroey P, Van Steirteghem A. Using ejaculated, fresh, and frozen-
thawed epididymal and testicular spermatozoa gives rise to comparable resuits after intracytoplas-
mic sperm injection. Fertil Steril. 1995 Apr;63(43:808-15.

Borges E, Jr, Rossi LM, Locambe de Freitas CV, Guilherme B, Bonetti TC, lacenelli A, et al. Fertilization
and pregnancy outcome after intracytoplasmic injection with fresh or cryopreserved ejaculated
spermatozoa. Fertil Steril. 2007 Feb;87(2):316-20.

Revel A, Haimov-Kochman R, Porat A, Lewin A, Simon A, Laufer N, et al. In vitre fertilization-intra-
cytoplasmic sperm injection success rates with cryopreserved sperm from patients with malignant
disease, Fertil Steril. 2005 Jul;84(1):118-22.

Chung K, frani J, Knee G, Efyrow B, Blasco L, Patrizio P. Sperm cryopreservation for male patients with
cancer: an epidemiological analysis at the University of Pennsylvania. Eur J Cbstet Gynecol Reprod
Bicl. 2004 Apr 5;113 Suppl 1:57-11.

Magelssen H, Haugen TB, von During V, Melve KK, Sandstad B, Fossa SD. Twenty years experience with
semen cryopreservation in testicular cancer patients: who needs it? Eur Urok 2005 Nov;48(5):779-85.
Ragni G, Semigliana E, Restelli L, Salvi R, Arnoldi M, Paffoni A. Sperm banking and rate of assisted
reproduction treatment: insights from a 15-year cryopreservation program for male cancer patients.
Cancer. 2003 Apr 1,97(7):1624-9.

Meseguer M, Molina N, Garcia-Velasco JA, Remobhi J, Pellicer A, Garrido N. Sperm cryopreservation in
oncological patients: a 14-year follow-up study. Fertil Steril. 2006 Mar;85(3):640-5.

Kelleher S, Wishart SM, Liu PY, Turner L, Di Pierro |, Conway AJ, et al. Long-term cutcomes of elective
human sperm cryostorage. Hum Reprod. 2001 Dec;16(12):2632-9,

Lass A, Akagbosu F, Brinsden P. Sperm banking and assisted reproduction treatment for couples fol-
lowing cancer treatment of the male partner. Bum Reprod Update. 2001 Jul-Aug;7{4):370-7.



175.

176.

177.

178.

179.

180.

181.

182

183.

184.

185.

186.

187,

188.
189.

190.

191,

192.

193,

194,

195.

References

Tournaye H, Camus M, Bollen N, Wisanto A, Van Steirteghem AC, Devroey P In vitro fertilization
techniques with frozen-thawed sperm: a method for preserving the progenitive potential of Hodgkin
patients. Fertil Steril. 1991 Feb;55(2):443-5.

Davis CK, Bedford JM, Berkeley AS, Graf MJ, Rosenwaks Z. Pregnancy achieved through in vitro
fertilization with cryopreserved semen from a man with Hodgkin's lymphoma. Fertil Steril. 1990
Feb;53(2):377-8.

Rosenlund B, Sjoblom B, Tornblom M, Hultling C, Hillensjo T. In-vitro fertilization and intracytoplasmic
sperm injection in the treatment of infertiiity after testicular cancer. Hum Reprod. 1998 Feb;13(2):414-8.
Sanger WG, Armitage JO, Schmidt MA. Feasibility of semen cryopreservation in patients with malig-
nant disease. Jama. 1980 Aug 22-29;244(8):789-90.

Hallak J, Sharma RK, Thomas AJ, Jr, Agarwal A, Why cancer patients request disposal of cryopreserved
semen specimens posttherapy: a retrospective study. Fertil Steril. 1998 May;69(5):889-93.

Gatta G, Capocaccia R, Stiller C, Kaatsch B, Berrino F, Terenziani M. Childhood cancer survival trends in
Europe: a EURQCARE Working Group study. J Clin Oncol. 2005 jun 1;23(16):3742-51.

Bleyer WA. The impact of childhood cancer on the United States and the world. CA Cancer J Clin. 1990
Nov-Dec40{61:355-67.

Meadows AT. Pediatric cancer survivorship: research and clinical care. J Clin Oncol. 2006 Nov
10;24{32):5160-5.

Brougham MF, Kelnar CJ, Sharpe RM, Wallace WH. Male fertility following childhood cancer: current
concepts and future therapies. Asian | Androl, 2003 Dec;5(4):325-37.

Cicognani A, Cacciari E, Pasini A, Burneili R, De lasio R, Pirazzoli P, et al. Low serum inhibin B levels as
a marker of testicular damage after treatmeant for a childhood malignancy. Eur J Pediatr. 2000 Jan-
Fel;159(1-2):103-7.

Mackie EJ, Radford M, Shalet SM. Gonadai function foliowing chemotherapy for chiidhcod Hodgkin's
disease. Med Pediatr Oncol. 1996 Aug;27(2):74-8.

Wallace WH, Shalet SM, Lendon M, Morris-Jones PH. Male fertility in long-term survivors of childhood
acute lymphablastic leukaemia. Int ) Androl. 1991 Oct;14(5}):312-9.

Wallace WH, Shalet SM, Crowne EC, Morris-Jones PH, Gattamaneni HR, Price DA, Gonadal dysfunction
due to cis-platinum. Med Pediatr Oncol. 1989;17(5):409-13.

Chemes HE. Infancy is not a quiescent period of testicular development. IntJ Androl. 2001 Feb;24(1)3:2-7.
Kiingmuller D, Haidl G, Inhibin B in men with normal and disturbed spermatogenesis. Hum Reprod.
1997 Nov;12(11):2376-8.

Jensen 7K, Andersson AM, Hjollund NH, Scheike T, Kolstad H, Giwercman A, et al, inhibin 8 as a serum
marker of spermatogenesis: correlation to differences in sperm concentration and follicle-stimulating
hormone levels. A study of 349 Danish men. J Clin Endoctino! Metab. 1997 De¢;82(12):4059-63.

van Beek R, Smit M, van den Heuvel-Eibrink M, de Jong F, Hakvoert-Cammei F, van den Bos C, et al.
Inhikin B is superior to FSH as a marker for spermategenesis in men treated for hodgkin's lymphoma
with chemotherapy during childhood. Hum Reprod. 2007 Dec;22(12):3215-22.

Meachem 54, Nieschlag E, Simoni M. Inhibin B in male reproduction: pathoghysiology and clinical
relevance, Eur J Endocrinol. 2001 Nov;145(5):561-71.

Stewart J, Turner Kl. Inhibin 8 as a potential biomarker of testicular toxicity. Cancer Biomark.
2005;1(1%:75-91.

van Casteren NJ, Dehle GR, Remijn JC, de Muinck Keizer-Schrama SM, Weber RF, van den Heuvel-
Eibrink MM, Semen cryopreservation in pubertal boys before gonadotoxic treatment and the role of
endocrinclogic evaluation in predicting sperm yield. Fertil Steril. 2007 Sep 28.

Crofton PM, Thomson AB, Evans AE, Groome NP Bath LE, Kelnar CJ, et al. Is inhibin B a potential
marker of gonadotoxicity in prepubertal children treated for cancer? Clin Endocrinol {(Oxf). 2003
Mar;58(3):296-301.

137




Chapter 15

-
il
]

196.

197,

198.

199,

200.

201

202

203,

204.

205,

206.

207.

208.

209.

210.

211,

2.

213.

214,

Thoemson AB, Campbell Al, irvine DT, Anderson RA, Kelnar CJ, Wallace WH. Semen quality and
sparmatozoal DNA integrity in survivors of childhood cancer: a case-control study. Lancet. 2002 Aug
3;360(9330):361-7,

Brougham MF, Wallace WH. Subfertitity in children and young people treated for solid and haemato-
logicai malignancies. Br J Haematol. 2005 Oct;131(2):143-55.

Watson AR, Rance CP, Bain J. Long term effects of cyclophosphamide on testicular function, Br Med }
{Clin Res Ed}. 1985 Nov 23;291{6507):1457-60.

Muller J. Impact of cancer therapy on the reproductive axis. Horm Res, 2003;59 Suppl 1:12-20.
Trottmann M, Becker Al, Stadler T, Straub J, Scljanik |, Schienker B, et al. Semen quality in men
with malignant diseases before and after therapy and the role of cryopreservation. Eur Urol. 2007
Aug;52(2):355-67.

van den Berg H, Furstner F, van den Bes C, Behrendt H. Decreasing the number of MOPP courses
reduces gonadal damage in survivors of childhood Hodgkin disease, Pediatr Blood Cancer. 2004
Mar42(35:210-5.

Ash P The influence of radiation on fertility in man. Br J Radiol. 1980 Apr;53{628):271-8.

Castillo LA, Craft AW, Kernahan J, Evans RG, Aynsiey-Green A. Gonadai function after 12-Gy testicular
irradiation in childhood acute lymphoblastic leukaemia. Med Pediatr Gncol. 199C;18(3):185-6.
Clement-De Boers A, Oostdijk W, Van Weel-Sipman MH, Van den Broeck J, Wit JM, Vossen JM. Final
height and hormonal function after bone marrow transplantation in children. J Pediatr. 1996
Qct:129(4):544-50,

Rey RA, Campo SM, Bedecarras P, Nagle CA, Chemes HE. is infancy a quiescent period of testicular
development? Histological, morphometric, and functional study of the seminiferous tubules of the
cebus monkey from birth to the end of puberty. 1 Clin Endocrinol Metab. 1993 May;76(5):1325-31.
Rivkees SA, Crawford JD. The relationship of gonadal activity and chemotherapy-induced gonadal
damage. Jama. 1988 Apr 8,259(14).2123-5.

Howeil 5J, Shalet SM. Effect of cancer therapy on pituitary-testicular axis. int J Androl. 2002
Oct;25(5):269-76,

Kelnar CJ, McKinnelt C, Walker M, Merris KD, Wallace WH, Saunders PT, et al, Testicular changes
during infantile ‘quiescence’ in the marmoset and their genadotrophin dependence: a model for
investigating susceptibility of the prepubertal human testis to cancer therapy? Hum Reprod. 2002
May;17(5):1367-78.

Coebergh JW, Reedijk AM, de Vries E, Martos C, Jakab Z, Steliarova-Foucher E, et al. Leukaemia
incidence and survival in children and adolescents in Eurcpe during 1978-1997. Report from the
Automated Childhoed Cancer Information System project, Eur J Cancer, 2006 Sep;42(13):2019-36.
Quigley C, Cowell C, Jimenez M, Burger B, Kirk J, Bergin M, et al. Normal or early development of
puberty despite gonadal damage in children treated for acute lymphoblastic feukemia. N Engl j Mad.
1989 Jul 20;321(3)%:143-51.

Lando A, Holm K, Nysom K, Rasmussen AK, Feldt-Rasmussen U, Petersen JH, et al. Thyroid function
in survivors of childhood acute lymphoblastic leukaemia: the significance of prophyfactic cranial
irradiation. Clin Endocrinol (Oxf). 2001 Jul;55{1):21-5.

Brauner R, Czernichow P, Rappaport R. Greater susceptibility to hypothalamopituitary irradiation in
younger children with acute lymphoblastic leukemia. ) Pediatr. 1986 Feb;108({2):332.

Byrhe J, Fears TR, Mills Ji, Zeltzer LK, Sklar C, Meadows AT, et al. Fertility of long-term male survi-
vors of acute lymphoblastic leukemia diagnosed during childhood. Pediatr Blood Cancer. 2004
Aprid2(4):364-72.

Nygaard R, Clausen N, Siimes MA, Marky 1, Skjeldestad FE, Kristinsson JR, et al. Reproduction foliow-
ing treatment for childhood leukemia: a population-based prospective cohort study of fertility and
offspring. Med Pediatr Cncol. 1991;19{6):459-66.



215.

216.

217

218,

218.

220.

221,

222,

223,

224.

225.

226.

227.

228.

References

Siimes MA, Lie 5O, Andersen O, Marky |, Rautonen J, Hertz H. Prophylactic cranial irradiation
increases the risk of testicular damage in adult males surviving ALL in childhood. Med Pediatr Gncol.
1993;21(21117-21.

van Beek RD, Smit M, van den Heuvel-Eibrink MM, de Jong FH, Hakvoort-Cammel FG, van den Bos C,
et al. Inhibin B is supericr to FSH as a serum marker for spermatogenesis in men treated for Hodgkin's
lymphoma with chemotherapy during childhood. Hum Reprod. 2007 Dec;22{12):3215-22.

Van Casteren NJ, Van der Linden GHM, Hakvoort-Cammel FGAJ, Hihlen K, Dohle GR, Van den Heuvel-
Eibrink MM. Effect of Childhood Cancer Treatment on Fertility Markers in Adult Male Long-term
Survivors, Pediatric Blood and Cancer. in press.

Kamps WA, Bokkerink JP, Hakvoort-Cammel FG, Veerman AJ, Weening RS, van Wering ER, et al.
B8FM-oriented treatment for children with acute lymphoblastic feukemia without craniat irradiation
and treatment reduction for standard risk patients: resuits of DCLSG protocol ALL-8 {1921-1996).
Leukemia. 2002 Jun;16(6%:1099-111.

Kamps WA, Bokkerink JP. Hahlen K, Hermans J, Rishm H, Gadner H, et al. Intensive treatment of
children with acute lymphoblastic leukemia according to ALL-BFM-86 without cranial radiotherapy:
results of Dutch Childhood Leukemia Study Group Protocol ALL-7 (1988-1991). Biood. 1999 Aug
15;94(4):1226-36.

Veerman AJ, Hahlen K, Kamps WA, Van Leeuwen EF, De Vaan GA, Solbu G, et al. High cure rate with a
moderately intensive treatment regimen in non-high-risk childhood acute lymphoblastic leukemia.
Results of protocol ALL VI from the Dutch Childhood Leukemia Study Group. J Clin Oncol. 1996
Mar;14(3):911-8.

van der Does-van den Berg A, van Wering ER, Suciu S, Solbu G, van 't Veer MB, Rammeloo JA, et al.
Effectiveness of rubidomycin in induction therapy with vincristine, prednisone, and L-asparaginase
for standard risk childhood acute lymphocytic leukemnia: results of & Dutch phase |il study (ALL V).
A report on behalf of the Dutch Childhood Leukemia Study Group (DCLSG). Am J Pediatr Hematol
Oncol. 1989 Summer;11(2):125-33.

van der Does-van den Berg A, van Wering ER, Suciu §, Solbu G, Rammeloc JA, de Koning J, et al.
[Results of treatment of children with acute iymphatic leukemia {ALL) according to the ALL Y pro-
tocol of the Netherlands Working Groug on Leukemia in Children]. Tijdschr Kindergeneeskd. 1988
Apr56(2):61-6.

Te Poele £M, de Bont ES, Marike Boezen H, Revesz T, Bokkerink JP, Beishuizen A, et al. Dexarnethasone
in the maintenance phase of acute lymphobiastic leukaemia treatment: is the risk of lethal infections
too high? Eur J Cancer. 2007 Nov;43(17):2532-6.

van der Does-van den Berg A, de Koning J, Reerink H, de Vries JA, van Zanen GE. [Acute juvenile
flymphatic leukemia in the Netherlands: study ALL I, 1673-5; Foundation Dutch Childhcod Lteukemia
Study Groug]. Ned Tijdschr Geneeskd. 1976 Sep 4;120(36):1521-8.

Elmiinger MW, Kuhnel W, Weber MM, Ranke MB. Reference ranges for two automated chemilumi-
nescent assays for serum insulin-like growth factor | {IGF-1} and IGF-binding protein 3 (IGFBP-3}. Clin
Chem Lab Med. 2004;42(6):654-64.

ConterV, Schrappe M, Arico M, Reiter A, Rizzari , Dordelmann M, et al. Role of cranial radictheragy
for childhood T-cell acute iymphoblastic leukemia with high WBC count and good response o
prednisone. Associazione italiana Ematologia Cncologia Pediatrica and the Berlin-Frankfurt-Munster
groups. J Clin Oncol. 1997 Aug;15(8):2786-91.

Jarfelt M, Bjarnason R, Lannering B. Young adult survivors of childhood acute lymphoblastic leukemia:
spontaneous GH secretion in relation to CNS radiation. Pediatr Blood Cancer. 2004 Jun;42{7):582-8.
Darzy KH, Thorner MG, Shalet 5M. Cranially irradiated adult cancer survivors may have normal
spontaneous GH secretion in the presence of discordant peak GH responses to stimulation tests
(compensated GH deficiency). Clin Endocrinol (Oxf). 2008 jul 31.

139




Chapter 15

L3
(=]

229

230,

231

232

233.

234,

235

236.

237.

238.

239.

240.

241.

242,

243,

244,

245,

246,

247.

248,

249.

Adan L, Trivin C, Sainte-Rose C, Zucker JM, Hartmann C, Brauner R. GH deficiency caused by cranial
irradiation during childhood: factors and markers in young aduits, J Clin Endoctino! Metab. 2001
Nov;86(11):5245-51.

Marmer D, Duyck F. Male reproductive potential after MOPP therapy for Hodgkin’s disease: a long-
term survey. Andrologia. 1995 Mar-Apr;27(2):99-106.

van Casteren NJ, Dohle GR, Romijn JC, de Muinck Keizer-Schrama 5M, Weber RF, van den Heuvel-
Eibrink Mivi. Semen cryopreservation in pubertal boys before gonadotoxic treatment and the role of
endocrinologic evaluation in predicting sperm yield, Fertil Steril. 2008 Sep 28;90{4):1119-25.

Sharpe RM, Skakkebaek NE. Are oestrogens involved in falling sperm counts and disorders of the
male reproductive tract? Lancet. 1993 May 29;341(8857):1392-5.

Bay K, Asklund C, Skakkebaek NE, Anderssen AM. Testicular dysgenesis syndrome: possible role of
endocrine disrupters. Best Pract Res Clin Endocrinel Metab. 2006 Mar;20(1):77-90.

Racine C, Rey R, Forest MG, Louis F, Ferre A, Huhtaniemit, et al. Receptors for anti-mullerian hormone
on Leydig cells are responsible for its effects on steroidogenesis and cell differentiation. Proc Natl
Acad Sci U S A. 1998 Jan 20;95(2):594-9.

Fenichel P, Rey R, Peggicli S, Donzeau M, Chevallier D, Pointis G. Anti-Mullerian hormone as a seminal
marker for spermatogenesis in non-obstructive azoospermia. Hum Reprod. 1999 Aug;14(8):2020-4,
Stoehr B, Zangerl F, Steiner E, Leonhartsberger N, Fritzer A, Bartsch G, et al. Routine scrotal ultra-
sonagraphy during the foliow-up of patients with testicular cancer leads to earlier detection of
asynchrenous tumours and a high rate of organ preservation. 8JU Int. 2009 Sep 29.

Schulze W, Thoms F, Knuth UA. Testicular sperm extraction: comprehensive analysis with simultane-
ously performed histology in 1418 biopsies from 766 subfertile men. Hum Reprod. 1999 Sep;14 Suppl
1:82-96.

Sonne 5B, Almstrup K, Dalgaard M, Juncker AS, Edsgard D, Ruban L, et al. Analysis of gene expression
profiles of microdissected cell populations indicates that testicular carcinoma in situ is an arrested
gonocyte. Cancer Res. 2009 Jun 15;69(12):5241-50.

Howard GC, Hargreave TB, Mclntyre MA. Carcinoma in-situ of the testis diagnosed on semen cytology,
Clin Radiol. 1689 May;40(3}:323-4.

Strumberg D, Brugge S, Korn MW, Koeppen S, Ranft J, Scheiber G, et al. Evaluation of long-term
toxicity in patients after cisplatin-based chemotherapy for nen-seminomatous testicular cancer. Ann
Cncol. 2002 Feb;13{2):229-36.

Agarwal A, Said TM. Implications of systemic malignancies on human fertility. Reprod Biomed Online,
2004 Dec;9{6):673-G.

Oeffinger KC, Mertens AC, Sklar CA, Kawashima T, Hudson MM, Meadows AT, et al. Chronic health
conditions in adult survivors of chifdhoaod cancer, N Engl J Med. 2006 Oct 12;355(15):1572-82.
SuzukiT, UnoY, Idehara K, Baba T, Maniwa J, Ohkouchi A, et ai. Procarbazine genotoxicity in the Muta-
Mouse; strong clastogenicity and organ-specific induction of lacZ mutations, Mutation research.
1999 Aug 18,444(2):269-81.

Andetsson AM, Skakkebaek NE. Serum inhibin B levels during male childhood and puberty. Mol Cell
Endocrinol. 2001 Jun 30;180(1-2):103-7.

Schover LR, Brey K, Lichtin A, Lipshultz LI, Jeha 5. Knowledge and experience regarding cancer,
infertility, and sperm banking in younger male survivors. J Clin Oncol. 2002 Apr 1;20(7):1880-9.
Schaver LR. Psychosocial aspects of infertility and decisions about reproduction in young cancer
survivors: a review. Med Pediatr Cncel. 1999 Jul;33(1):53-9.

Tesarik J, Mendoza C, Testart J. Viable embryos from injection of rcund spermatids into oocytes. N
EnglJ Med. 1995 Aug 24;333(8):525.

Sofikitis N, Mantzavinos ¥, Loutradis D, Yamamoto Y, Tarlatzis V, Mivagawa |. Ocplasmic injections of
sacondary spermatocytes for non-obstructive azoospermia. Lancet. 1998 Apr 18;351(9110):1177-8.
Sofikitis NV, Yamamoto Y, Miyagawa |, Mekras G, Mio ¥, Toda T, et al. Ooplasmic injection of elongating
spermatids for the treatment of non-abstructive azoospermia. Hum Reprod. 1998 Mar;13(31709-14.



250,

25%.

252.

233,

254,

255.

256,

257.

258,

References

Nagy ZP, joris H, Verheyen G, Tournaye H, Devroey F, Van Steirteghem AC. Correlation between
motility of testicular spermatozoa, testicular histology and the outcome of intracytoplasmic sperm
injection. Hum Reprod. 1998 Apr;13(4):890-5.

Gerber PA, Kruse R, Hirchenhain J, Krussel JS, Neumann NJ. Pregnancy after laser-assisted selection
of viable spermatozoa before intracytoplasmatic sperm injection in a couple with male primary dilia
dyskinesia. Fertil Steril. 2008 jun;89(6):1826 €9-12.

Brinster RL, Avarbock MR, Germline transmission of donor hapiotype following spermatogenial
transpiantation. Proc Natl Acad 5¢i U S AL 1994 Nov 22;914(24):11303-7.

Chta H, Wakayama T. Generation of normal progeny by intracytoplasmic sperm injection following
grafting of testicular tissue from cloned mice that died postnatally. Bicl Reprod. 2005 Sep;73{3):390-5.
Jahnukainen K, Hou M, Petersen C, Setchell B, Soder Q. intratesticular transpiantation of testicular
cells from leukemic rats causes transmission of leukemia. Cancer Res. 2001 Jan 15,61(2):706-10.
Jahnukainen K, Ehmcke J, Seder ©, Schlatt S. Clinical potential and putative risks of fertifity preserva-
tion in children utilizing gonadat tissue or germline stem cells. Pediatr Res. 2006 Apr;59(4 Pt 2):40R-7R.
Fujita K, Chta H, Tsujimura A, Takao T, Miyagawa Y, Takada S, et al. Transplantation of spermatogonial
stem cells isolated from leukemic mice restores fertility without inducing leukemia. J Clin tnvest. 2005
Juk115(7):1855-61.

Geens M, Goossens E, De Block G, Ning L, Van Saen D, Tournaye H. Autologous spermatogonial stem
cell transplantation in man: current obstacles for a future clinical application. Hum Reprod Update.
2008 Mar-Apr;14(2):121-30.

Kehler J, Tolkunova E, Koschorz B, Pesce M, Gentiie L, Boiani M, et al. Oct4 is required for primordial
germ cell survival. EMBO Rep. 2004 Nov;5(11):1078-83.

141







Dankwoord

DANKWOORD

Nu ik eenmaal begonnen ben met het dankwoord weet ik dat het einde in zicht is. De laatste
loodjes wegen vaak het zwaarst zeggen ze en ook hiervoor geldt dit. Het dankwoord is het
meest gelezen hoofdstuk en zou dus als geen ander volledig en up-to-date meeten zijn.
Terecht, want zander onderstaande personen zou dit boekje nist hebben bestaan. Zonder de
illusie te hebben volledig te zijn en bij voorbaat mijn excuses voor degene die ik vergeet, wil

ik graag een aantal van hen die hebben geholpen bij de tot stand koming van dit proefschrift
bedanken,

Dank aan mijn beide promoctoren:

Professor Bangma, bedankt dat u mij in 2005 hebt aangenomen en mij de kans hebt gegeven
me te bewijzen binnen de urologie. Tevens dank voor het begeleiden van de eindfase van
mijn promotie. Zonder uw inbreng en motivatie zou dit boekje er heel anders uit gezien
hebben.

Professor Looijenga, dank voor de mogelijkheid om binnen uw afdeling onderzoek te doen
en mij te begeleiden in mijn onderzoek. Uw enthousiasme voor het onderzosk werkten erg
aanstekelijk.

Gert Dohle. U was mijn co-promotor en tevens directe begeleider tijdens mijn andrologie
opleiding. Tijdens deze fase de eerste stappen gemaaks richting het echt “dokter” zijn. Ik heb
veel van u geleerd en hoop nog lang met u samen te werken en de andrologie echt op de kaart
te zetten.

De overige leden van de promotiecommissie wil ik danken voor het lezen en beoordelen van
mijn proefschrift,

Rob Weber. Helaas maakt u dit alles niet meer mee. Bedankt voor het overbrengen van uw
enthousiasme voor de andrologie.

Willem Boellaard, jouw komst binnen de afdeling andrologie gaf een nieuwe impuls. Met je
scherpe blik zag je vaak oplossingen in plaats van problemen. Hoop dat mij dat in de toekomst
ook lukt.

Hans Romijn. De stabiele kracht binnen de andrologie. Bijna 3 jaar met je op de kamer gezeten
wat me goed is bevalien. Dank voor je wetenschappelijke inbreng en hulp bij tal van proble-
men waar ik gedurende mijn promotie tegen aanliep.

143




Chapter 16

-
Ed
E-N

Lydia, Linda, Caria vaak kwam ik even langs voor een praatje als ik het weer eens zat was om
achter die computer te zitten. Dank dat jullie mijn onderzoekstijd hebben opgefleurd. Het
waren soms toch wel hilarische gesprekken boven al die semen monsters die daar maar ston-
den te draaien,

Chris, Diny en Frouke {en al de student-assistenten). Ik zou willen dat ik later zo'n behulpzame
secretaresses mag hebben. Jullie manier van omgang met al die zenuwachtige mannen aan
de balie was perfect. Binnen no-time voelden ze zich op hun gemak wat op deze poli erg
belangrijk is (anders duurt het allemaal zo lang!). Dank ook voor alle hulp bij het realiseren van
dit proefschrift.

Natuurtijk wil ik ook aite promovendi en arts-assistenten van de afdeling urclogie bedanken. De
donderdag lunch en de vele kopjes koffie hebben mijn 3 onderzoeksjaren voorbij doen viiegen,
Marij Smit wil ik met name bedanken voor alle hulp tijdens mijn inwerkperiode op de afdeling
andrologie.

Natuurlijk wil ik iedereen van de LEPO groep bedanken. Door jullie grappen en grollen hebben
jullie mijn tijd in het lab zeker een stuk aangenamer gemaakt, Met name wil ik Hans Stoop
bedanken zonder wie enkele van mijn artikelen niet tot stand zouden ziin gekomen. Jouw
kennis over de biologie van testis kanker en immunchistochemie maar ock van zaken als

sportblessures en kruiden mengsels zal ik wel nooit kunnen evenaren.

Beste fertiliteitsafdeling, Dennis, Nicole, Elizabeth, Bertje, Hjelmer, Paulien, Joop, Evert, Marian,
Jits, Katrien Wouter, het waren 3 prima jaren op de 4% in het Hs gebouw. Dank voor de goede
werksfeer en de interessante, maar soms iets te lange, overdrachten op donderdag.

Woet en Hanneke. Bedankt voor de seksuologie fessen. Heb geleerd om op een andere manier
tegen seksuologische problematiek te kijken wat me in de toekomst zeker van pas gaat komen.

Beste Marry van den Heuvel. Via een omweg ben ik bij de afdeling kinderoncologie bin-
nengekomen. Jouw enthousiasme en ontzettende arbeidsethos hebben mij geinspireerd en
gemotiveerd om mijn promotie onderzeek ook te richten op de kinderoncologie. Hierbij wil ik
ook alfe deelnemers van de QCAT groep bedanken voor de wetenschappelijke besprekingen
en hulp bij diverse studies.

Beste collega’s van het Maasstadziekenhuis. Bedankt voor de afgelopen 2 jaar. Het waren
drukke, leerzame jaren maar vooral ook erg leuk en gezellig. Helaas ga ik jullie weer verlaten
maar ga zeker een aantal van jullie nog wel in de academie zien.



Dankwoord

Beste vriendjes en vriendinnetjes (Ron en Hien, Cor en Eva, Akkie en Florien, Marieke en
Harmjan). In 1998 ben ik uit een klein dorp naar Rotterdam gekomen. Samen met jullie de
overgang gemaakt van dorpsjongen naar student en uiteindelijk arts. We hebben met z'n allen
de afgelopen 10 jaar een mocie tijd gehad waarin we de nodige hoogtepunten hebben gehad.
Ondanks dat de wilde haren zijn verdwenen en we waarschijnlijk, nadat iedereen de opleiding
achter de rug heeft, door heel Nederland zuiten uitzwermen weet ik zeker dat we elkaar nog
veel gaan zien.

Beste cud-huisgenootjes. Wat hebben we een mooie jaren gehad op de Beukelsweg. We zijn

allemaal een andere weg op gegaan maar ben blij dat we elkaar zo nu en dan nog even zien.

Pap en mam. Wie had dat nu vroeger gedacht? Al die bezoekjes vroeger aan de rector zijn toch
niet voor niks geweest. Bedankt voor jullie onuitputtelijke steun en liefde,

Ilse, mijn grote zus, het was vroeger vast niet altijd leuk om zo'’n druk klein broertje in toom te
houden, Toch ben je in veel dingen een voorbeeld voor mij geweest en zelfs, ondanks dat je
uitgeloot was voor de studie geneeskunde, ben je eerder doctor geworden dan ik. Tk ben trots
zo'™ zus te mogen hebben.

Sjoerd wat jij bereikt hebt ondanks alle tegenslagen, welke nu gelukkig achier de rug zijn, is lets
om echt trots op te zijn en waarvoor ik een enorm respect heb. Mei 2009 was een van de span-
nendste maanden binnen ons gezin maar de uitkomst heeft ons allemaal veranderd, moedig
dat je het ondanks alle risico’s aangedurfd hebt. Beide hedankt dat jullie mijn paranimfen
willen zijn een beter team kan ik niet wensen.

Bruno en Marjan. Bedankt voor alle gastvrijheid tijdens al mijn reisjes haar Rome waar ik lekker
verwend werd en even uit kon rusten.

Chiara. Qok wij hebben de afgelopen 10 jaar het een en ander meegemaakt. Tijdens de Eureka
week liefde op het eerste gezicht. Vanaf dat moment in het excelsior stadion ben jij de stabiele
factor in mijn vaak chaotische leven. |k wil je bedanken voor alles wat je de afgelopen jaren
voor me hebt gedaan. lk verheug me op ons feestje volgend jaar en kijk uit naar wat hopelijk
nog komen gaat.

Niels

145




Chapter 16

-
&
&







Appendices

-
B
3]

LIST OF PUBLICATIONS

N.J. van Casteren, L.H.J. Looijenga, G.R. Dohle
Testicular microlithiasis and Carcinoma in situ: Overview and proposed clinical guideline.
Int J Androl. 2009 Aug;32(4):279-87

N. J.van Casteren, W.P.A. Boellaard, G.R. Dohle, R. F.A Weber, M.C. Kuizinga, H. Stoop, JW. Qoster-
huis, LH.J. Locijenga:

Heterogeneous distribution of ITGCNU in an adult testis; consequences for biopsy-based
diaghosis

international journal of surgical pathology; 2008 Jan; 16(1): 21-4

N.J. van Casteren, G.R. Dohle, LH.i. Looijenga
Testicular microtithiasis is worrisomne in a selected patient population.
Curr Opin Urol. 2008 Jul;18(4):436

N. I van Casteren, I de Jong, H. Stoop, EW. Steverberg, E.W. de Bekker-Grob, G.R. Dohle, J. W.
Qosterhuis, LH.J. Leoijenga

Evaluation of testicular biopsies for carcinoma in situ: immunchistochemistry is mandatory.
int J Androl. 2009 Dec;32(6):666-74.

N.J. van Casteren, H. Stoop, G.R. Dohie, R. de Wit, JW. Oosterhuis, L.H. Looijenga.
Non-invasive detection of testicular Carcinoma in Situ in semen using OCT3/4,
Eur Urof. 2008 Juk54{1):153-8.

N. L. van Casteren, W.P.A. Boellaard, J.C. Romijn, G.R. Dohle
Gonadal dysfunction in male cancer patients before cytotoxic treatment.
Int J Androl. 2010 Feb;33(1):73-9

NJ. van Casteren, G.R. Dohle, J.C. Remijn, S.M.PF, de Muinck Keizer-Schrama, R.F.A, Weber, M.M.
van den Heuvel-Eibrink

Semen cryopreservation in pubertal boys before gonadotoxic treatment and the role of endo-
crinological evaluation in predicting sperm yield.

Fertility and Sterility 90 (2008) pp. 1119-1125

N.J. van Casteren, E.J.P. van Santbrink, W. van Inzen, 1.C. Romijn, G.R. Dohle
Use rate and ART outcome of cryopreserved semen from 629 cancer patients.
Fertit Steril. 2008 Dec;20{(6):2245-50



Appendices | 149

N.J. van Casteren, G.H.M. van der Linden, F.G.A.J. Hakvoort-Cammel, K. Hahlen, G.R. Dohle, M.M.
van den Heuvel-Eibrink

Effect of childhood cancer treatment on fertility markers in adult male long-term susvivors,
Pediatr Blood Cancer. 2009 Jan;52(1):108-12.

N.J. van Casteren, R. Pieters, G.R. Dohle, M. van Baalen, 5. Neggers, M.M. van den Heuvel ~Eibrink
Cranial irradiation does not result in pituitary-gonadai axis dysfunction in very long-term male
survivors of childhood acute lymphoblastic leukemia.

Leukemia. 2009 Dec;23(12):2310-3

M.E. Bos Eyssen, J.A. Deelen, NJ. van Casteren, G.R. Dohle, Hormonale behandeling van
idiopatische oligoastenoteratozoospermie.
Nederlands Tijdschrift voor Urologie {2007}, 5, 132-138

JE. Elzinga-Tinke, M.E. Sirre, L.H.). Locijenga, N.J. van Casteren, M.F. Wildhagen, G.R. Dohle

The predictive value of testicular ultrasound abnormalities for cracinoma in situ of the testis in
men at risk for testicular cancer.

int Journal of Andrology, 2009 Okt, Epub ahead of print.

M. 5mit, N.J. van Casteren, M.F. Wildhagen, J.C. Remiin, G.R. Dohle,
Sperm DNA integrity in cancer patients before and after treatment.
Human reproduction 2010; 25: 1877-1883

Final reproductive outcome of high-dose sex steroid treated tall boys
AE.J. Hendriks, N.J. van Casteren, W.P.A. Boellaard, J.C. Romijn, F.H. de Jong, A.M. Boot, and S.L.S.
Drop

Accepted in Journal of clinical endocrinology and metabolism




Appendices

s
Wy
<

PORTFOLIO

Name PhD student: Niels Van Casteran

Year Workload
{Hours/ECTS)

Erasmus MC Department: Urology section Andrology PhD period: january 2006 -
December 2008 Promotor(s}:ProfDr. C. H.Bangma, Prof. Dr. LH.J. Looijanga

Supervisor; Dr. G.R. Dohle

General acadernic skilis 2008 3IECTS
- Biomedical English Writing and Communication

lin-depth courses (e.g. Research schooi, Medical Training)

MNational conferences February 2006 ZECTS
Spreker externe referseravond Urologie te Rotterdam
Title: Maligne cellen in semen van mannen met een hoog risico op IS

Spreker Interne refereer avond: September 2007 1ECTS
Title: Prognostische waarde van semenanalyse voor de kans op zwangerschap:
een literatuuroverzicht

Najaarsvergadering NVU October 2007 1 ECTS
Podium sessicn: Immunohistochamie is nocdzakelijk voor het accuraat
diagnosticeren van CI5 in de testis.

Tour de Leurope, Rotterdam March 2009 1ECTS
Podium session: Earty detection of germ cell cancer.

International conferences Cctober 2006 2ECTS
European Society for Andrological Urology (ESAU) te Amsterdam

Podium session: Early detection of CIS in semen.

Poster: Semencryopreservation in pubertal boys

5" workshop on testicular cancer and €15 in Kopenhagen Nevember 2006 2ECTS
Poster presentation: Early detection of CIS in semen.

AUA te Anaheim, USA May 2007 2ECTS
Podium session Title: Evaluation of the use of cryopreserved semen and ART

outcome of 629 male cancer patients.

Poster presentation: Testicular function in 261 adult male survivors of childhood

cancer.

EAL Mitan March 2009 2ECTS
Poster presentation: immunchistochemistry on testicular biopsies for Carcinoma

in Situ diagnosis: OCT3/4 as mandatory marker, (Winner best poster price of that

session}

13th Congress of the European Hematology Asscciation June 2008 2ECTS
Poster presentation: Gonadal function in 248 male survivors of childhood cancer

3rd Minster Symposium on Late Effects after Tumour Therapy in Childhood and ~ February 2009 2ECTS
Adolescence

Podium session : Effect of childhood cancer treatment on fertility markers in

adult male long-term survivors,

Podium session : CNS irradiation does not result in pituary-gonadaf axis

dysfunction in fong-term male survivors of childhood ALL.




Appendices | 151

Annual SIOP congress Soa Paulo, International society of pediatric oncology. October 2009 2ECTS
Winner best poster price: Craniz! radliotherapy does not result in pituitary-

gonadal dysfunction in long term male survivors of childhood acute

lymphoblastic leukaemia.

Seminars and workshops

Didactic skiils

Cther November 2008 10 ECTS
- Eurapean Andrology acaderny. Two year training and exam clinical andrelogy.

2. Teaching activities

Year Warkload
{Hours/ECTS)
Lecturing
Speaker European society human reproduction & embryclogy (ESHRE) course 2005-2007 6 ECTS

for semen analysis
Title: Sperm motility
Title: Sperm antibodies

Supervising practicals and excursions
Supervising medical students (Practica + VO} 2006-2008 2ECTS
Supervising Interns. 2007 1ECTS




Appendices

-
bl
N

" CURRICULUM VITAE

Niels Jacobus van Casteren was born on May 19 1980 in a small town named Qverassett

in the east of the Netherlands. After graduating from the Kandisnky college in Nijmegen in
1998, he departed to the "big” city of Rotterdam to stast his medical education at the Erasmus
University. After his graduation in May 2005 he worked as a M.D. at the department of Urology
at the Erasmus MC. It was there where he came in contact with Gert Dohle and Rob Weber,
both physicians with a strong interest in Androlegy. Niels started his PhD. research in January
2006 at the department of Urology, section Andrelogy. During this petiod, he was trained

in clinical Andrology according to the European Andrology Association (EAA) guidelines. In
November 2008, he performed his examination in clinical Andrology in Rome at the congress
of the European Academy of Andrology.

The research presented in this thesis has been done in close collaberation with Leendert
Looijenga and the LEPO group at the department of experimental Pathology at the Josephine
Nefkens nstitute and with Marry van den Heuvel-Eibrink at the department of Pediatric Oncol-
ogy/Hematology at the Erasmus MC-Sophia children’s hospital.

in May 2008 he applied for the Urologic traineeship and in January 2009 he started his
residency in general Surgery at the Maasstad hospital in Rotterdam under supervision of Dr. E.
van der Harst, After two years he will perform his urologic residency at Erasmus MC and the last
two years will be spent at Sint Franciscus Gasthuis in Rotterdam.



The production of this thesis was financially sponsored by:

Novartis

Pfizer

Astellas

Olympus Nederland
8D Biosciences
Abbott












	ASPECTS OF EARLY DETECTION OF TESTICULAR CANCER AND CANCER RELATED INFERTILITY = ASPECTEN VAN VROEGE OPSPORING VAN ZAADBALKANKER EN KANKER GERELATEERDE SUBFERTILITEIT
	CONTENTS
	1- Introduction
	2 - Aim and outline of the thesis
	3 - Testicular microlithiasis and carcinoma in situ overview and proposed clinical guideline.

van Casteren NJ, Looijenga LH, Dohle GR.

Int J Androl. 2009 Aug;32(4):279-87. Epub 2008 Dec 22. Review.

PMID:19207616[PubMed - indexed for MEDLINE] 
	4 - Heterogeneous distribution of ITGCNU in an adult testis: consequences for biopsy-based diagnosis.

van Casteren NJ, Boellaard WP, Dohle GR, Weber RF, Kuizinga MC, Stoop H, Oosterhuis WJ, Looijenga LH.

Int J Surg Pathol. 2008 Jan;16(1):21-4.

PMID:18203779[PubMed - indexed for MEDLINE] 
	5 - Evaluation of testicular biopsies for carcinoma in situ: immunohistochemistry is mandatory.

van Casteren NJ, de Jong J, Stoop H, Steyerberg EW, de Bekker-Grob EW, Dohle GR, Oosterhuis JW, Looijenga LH.

Int J Androl. 2009 Dec;32(6):666-74. Epub 2008 Sep 16.

PMID:18798762[PubMed - indexed for MEDLINE] 
	6 - Noninvasive detection of testicular carcinoma in situ in semen using OCT3/4.

van Casteren NJ, Stoop H, Dohle GR, de Wit R, Oosterhuis JW, Looijenga LH.

Eur Urol. 2008 Jul;54(1):153-8. Epub 2007 Nov 1.

PMID:17996359[PubMed - indexed for MEDLINE] 
	7 - Gonadal dysfunction in male cancer patients before cytotoxic treatment.

van Casteren NJ, Boellaard WP, Romijn JC, Dohle GR.

Int J Androl. 2010 Feb;33(1):73-9. Epub 2009 Mar 25.

PMID:19538481[PubMed - indexed for MEDLINE] 
	8 - Semen cryopreservation in pubertal boys before gonadotoxic treatment and the role of endocrinologic evaluation in predicting sperm yield.

van Casteren NJ, Dohle GR, Romijn JC, de Muinck Keizer-Schrama SM, Weber RF, van den Heuvel-Eibrink MM.

Fertil Steril. 2008 Oct;90(4):1119-25. Epub 2007 Oct 1.

PMID:17905241[PubMed - indexed for MEDLINE] 
	9 - Use rate and assisted reproduction technologies outcome of cryopreserved semen from 629 cancer patients.

van Casteren NJ, van Santbrink EJ, van Inzen W, Romijn JC, Dohle GR.

Fertil Steril. 2008 Dec;90(6):2245-50. Epub 2008 Jan 14.

PMID:18191846[PubMed - indexed for MEDLINE] 
	10 - Effect of childhood cancer treatment on fertility markers in adult male long-term survivors.

van Casteren NJ, van der Linden GH, Hakvoort-Cammel FG, Hählen K, Dohle GR, van den Heuvel-Eibrink MM.

Pediatr Blood Cancer. 2009 Jan;52(1):108-12.

PMID:18819129[PubMed - indexed for MEDLINE] 
	11 - Cranial irradiation does not result in pituitary-gonadal axis dysfunction in very long-term male survivors of childhood acute lymphoblastic leukemia.

van Casteren NJ, Pieters R, Dohle GR, van Baalen M, Neggers S, van den Heuvel-Eibrink MM.

Leukemia. 2009 Dec;23(12):2310-3. Epub 2009 Sep 3. No abstract available. 

PMID:19727128[PubMed - indexed for MEDLINE] 
	12 - General discussion
	13 - Conclusion and further research
	14 - Summary
	Samenvatting

	15 - References
	16 - Dankwoord
	17 - Appendices
	LIST OF PUBLICATIONS
	PORTFOliO
	CURRICULUM VITAE


