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26.1            Introduction 

 Patients with Hodgkin lymphoma (HL) are gen-
erally young, and high cure rates can be achieved. 
Thus, HL diagnosis and therapy frequently occur 
at a time of life when family planning plays an 
important role. It is therefore of major impor-
tance for the patients to discuss this subject and 
to consider fertility preservation techniques as 
early as possible after diagnosis.  

26.2     Gonadal Dysfunction in Men 

26.2.1     Male Reproductive Physiology 

 Sperm production in males is stimulated via secre-
tion of follicle-stimulating hormone (FSH) by the 
pituitary gland, regulated by a negative feedback 
mechanism via inhibin produced from the Sertoli 
cells and/or seminiferous tubules. Impaired or 
absent sperm production can be anticipated based 
on progressive elevation of FSH levels. Testicular 
androgen production is regulated by pituitary secretion 
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of luteinizing hormone (LH) and controlled by a 
comparable feedback mechanism via testosterone 
production of the testicular Leydig cells. 

 Gonadal function can be evaluated by measur-
ing FSH and LH together with the morning tes-
tosterone level. A semen analysis is a more 
defi nitive test of fertility, with normal values of 
>15 × 10 6 /mL, a total sperm motility of >40 %, 
and with >3 % of normal forms.  

26.2.2     Hodgkin Lymphoma and Male 
Gonadal Dysfunction 

 Seventy to eighty percent of male HL patients 
have inadequate pretreatment semen quality due to 
the lymphoma itself [ 1 – 4 ]. The mechanisms 
involved are still unknown; however, possible fac-
tors include damage to the germinal epithelium, 
disturbances in the hypothalamic–hypophysial 
axis, immunological processes associated with 
cancer that impair spermatogenesis, and the 
impact of cytokines [ 2 ,  5 – 9 ]. In a study by the 
German Hodgkin Study Group (GHSG), male fer-
tility was assessed in a total of 243 patients. In pre-
treatment semen analysis, only 20 % of patients 
had normal sperms. Azoospermia was observed in 
11 % of patients and dysspermia in 69 % [ 3 ].  

26.2.3     Treatment-Related Gonadal 
Dysfunction 

 Post-treatment gonadal damage is most often asso-
ciated with chemotherapy regimens that include 
alkylating agents such as cyclophosphamide and 
procarbazine. The degree of damage and recovery 
of spermatogenesis depends on the choice of drugs 
and the dose given. In multiple analyses, the rate 
of azoospermia after cyclophosphamide, vincris-
tine, procarbazine, and prednisone (COPP); 
Mustargen, vincristine, procarbazine, and predni-
sone (MOPP); or cyclophosphamide, vincristine, 
procarbazine, prednisone, Adriamycin, bleomy-
cin, vinblastine, and dacarbazine (COPP/ABVD) 
is high, ranging from 80 to 100 % [ 4 ,  10 – 14 ]. 
Recovery of spermatogenesis can occur and has 
been recorded in 11–14 % of males after these 

regimens [ 4 ,  13 – 15 ]. This rate was 40 % when 
dysspermia was included [ 4 ]. Da Cunha and col-
leagues assessed MOPP-induced gonadotoxicity, 
demonstrating a signifi cantly higher rate of azo-
ospermia in patients treated with more than fi ve 
cycles of MOPP compared to those receiving three 
or fewer cycles [ 16 ]. Newer and more intensive 
alkylating agent–based combinations such as 
bleomycin, etoposide, Adriamycin, cyclophospha-
mide, vincristine, procarbazine, and prednisone 
(BEACOPP) are highly gonadotoxic in males. A 
study of the GHSG performing post- treatment 
sperm analyses at a median of 17.4 months after 
the end of therapy revealed azoospermia in 64 % 
of patients, other forms of dysspermia in 30 %, 
and normal sperm analysis results in only 6 % of 
cases [ 3 ]. Thirty-eight patients with advanced-
stage disease were examined, and 89 % were azo-
ospermic after treatment. None of these patients 
had a normal sperm status. There was no statisti-
cally signifi cant difference in the post-treatment 
fertility status between a group of patients treated 
with eight cycles of BEACOPP baseline (with a 
cumulative cyclophosphamide dose of 5,200 mg/
m 2 ) and a group treated with eight cycles of 
BEACOPP escalated regimens (with a cumulative 
cyclophosphamide dose of 10,000 mg/m 2 ) [ 3 ]. 

 In contrast, ABVD is less gonadotoxic, with 
gonadal damage that might be only transient [ 13 , 
 17 ,  18 ]. However, more detailed data in advanced- 
stage patients receiving eight cycles of ABVD is 
needed. 

 Pelvic radiotherapy is now infrequently used 
in the management of HL. The testes are highly 
sensitive to irradiation in a dose-dependent man-
ner. Doses above 4–6 Gy can result in permanent 
azoospermia, and doses of more than 6 Gy have a 
signifi cant risk of this complication. Direct tes-
ticular radiation is usually not necessary in HL 
patients, and scattered radiation can be reduced 
by shielding the testes.  

26.2.4     Predictive Factors for Gonadal 
Dysfunction and Damage 

 In a multivariate analysis of HL patients at initial 
diagnosis, Rueffer and colleagues described an 
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elevated erythrocyte sedimentation rate (ESR) 
and poor prognostic risk groups as predictive for 
severe dysspermia [ 2 ]. A comparable study by 
Gandini and colleagues evaluated the semen 
quality in 106 untreated HL patients and showed 
a signifi cant decrease in sperm concentration, 
total sperm count, and forward motility in the 
later stages of HL (stage III–IV) compared to 
early stages (stage I–II). Interestingly, of 53 
patients with elevated ESR, 79.2 % had a normal 
sperm count, suggesting this parameter was not 
predictive for semen quality or potential infertil-
ity [ 19 ]. In an analysis of the GHSG, risk groups, 
extranodal involvement, and treatment with che-
motherapy and BEACOPP were predictive fac-
tors for post-treatment azoospermia only in a 
univariate model. The fertility status prior to 
therapy was not predictive for post-treatment fer-
tility [ 4 ,  20 ].  

26.2.5     Hormonal Analyses to Assess 
Testicular Function After 
Therapy 

 Achievement of paternity and sperm counts pro-
vide the strongest evidence of male fertility; 
however, gonadotropin measurement can also 
provide useful surrogate information. Most 
 studies in male patients show that the FSH levels 
correlate with testicular function after treatment 
[ 3 ,  4 ,  11 ,  18 ,  21 ]. In a study by van der Kaaij and 
colleagues, FSH was measured in a total of 355 
patients with early-stage disease at least 
12 months after the end of treatment. FSH was 
elevated in 35 % of all patients and in 3 % of 
those receiving radiotherapy only. In contrast, 
60 % of patients treated with alkylating agents 
had elevated FSH levels, whereas this was 
observed in only 8 % of patients receiving che-
motherapy without alkylators. Recovery of fertil-
ity was also poorer in patients treated with 
alkylating agent–containing chemotherapy [ 21 ]. 
Kreuser and colleagues reported increased FSH 
levels in 80 % of patients after treatment with 
COPP/ABVD [ 11 ]. In a retrospective GHSG 
analysis, abnormal FSH levels after chemother-
apy were found in 79 %. In this group, the major-

ity of patients were azoospermic (78 %; 
 p  = 0.001), suggesting an indirect correlation 
between FSH level and testicular dysfunction 
after therapy [ 3 ]. In contrast, normal levels of LH 
and testosterone were found in 86 and 63 % of 
patients after treatment. This underlines the 
hypothesis that spermatogonia cells are sensitive, 
whereas Leydig cells are more resistant to the 
toxic effects of cytostatic drugs [ 3 ,  11 ,  14 ]. 
Another important hormone in the assessment of 
infertility in men is inhibin B, which is produced 
by the Sertoli cells. Some studies support the use 
of inhibin B and inhibin B/FSH ratios as markers 
of male infertility [ 22 ,  23 ]. According to the 
results of a study by van Casteren and colleagues, 
65 % of male cancer survivors had low inhibin B 
values as compared to 26 % in the control group 
[ 24 ]. Inhibin B levels signifi cantly correlated 
with sperm concentration [ 24 – 26 ]. In a recent 
GHSG study, fertility status in men was assessed 
using hormonal levels of FSH and inhibin B. A 
total of 761 male survivors younger than 50 years 
at diagnosis were analyzed after a mean observa-
tion time of 48 months. Inhibin B and FSH values 
signifi cantly correlated with chemotherapy inten-
sity. Half of the survivors after early-stage treat-
ment (2-4xABVD or 2xBEACOPPescalated + 
2xABVD) had FSH and inhibin B levels corre-
sponding to proven fertile men, whereas 88.8 % 
of survivors after advanced-stage treatment had 
levels indicating oligospermia. An effect of fol-
low- up time on inhibin B and FSH levels was 
found in men after 2xBEACOPPescalated + 2x 
ABVD, suggesting a recovery up to 4 years after 
intermediate aggressive treatment. In contrast to 
the dose-dependent effect of chemotherapy on 
spermatogenesis, mean testosterone levels were 
within the normal range [ 27 ].  

26.2.6     Endocrine Hypogonadism 
After Chemotherapy in Men 

 Little is known on the endocrine status of men 
after chemotherapy for HL. A recent study by 
Kiserud and colleagues investigated post- 
treatment exocrine and endocrine gonadal func-
tion in 165 HL and 129 non-Hodgkin lymphoma 
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(NHL) patients. In almost one-third of the 
patients, the hormone levels were compatible 
with endocrine hypogonadism, defi ned as low 
testosterone with or without elevated LH or ele-
vated LH and normal testosterone. Interestingly, 
only three patients were receiving testosterone 
replacement at the time of analysis [ 28 ]. 
Comparable fi ndings after chemotherapy for tes-
ticular cancer in young males were linked with a 
subsequent risk of developing metabolic syn-
drome [ 29 ]. 

 According to the results of the GHSG study, 
aging male symptoms were not different between 
patients in the trials and reference values [ 27 ].  

26.2.7     Fertility Preservation in Men: 
Preventative Pretreatment 
Strategies and Management 
After Chemotherapy 

 Sperm banking is a widely available and success-
ful pretreatment preventative strategy [ 30 ]. All 
postpubertal males should thus be offered sperm 
banking prior to potentially gonadotoxic chemo-
therapy. This also needs to include patients 
planned for ABVD, although this regimen has a 
lower risk of treatment-related infertility. The 
reason for this is that in the event of early relapse, 
sperm quality and quantity might not have recov-
ered, rendering banking impossible prior to 
gonadotoxic salvage treatment. Sperm should be 
banked regardless of count as intracytoplasmic 
sperm injection can be successfully used as part 
of in vitro fertilization (IVF) where counts are 
low. If azoospermia is present and time permits, 
testicular sperm retrieval can be successful, par-
ticularly in the presence of a normal or only mod-
estly elevated FSH level. 

 Cryopreservation of testicular tissue in pre-
pubertal boys is still highly experimental, and 
pregnancies in humans have not been achieved. 
However, due to recent success in animal mod-
els [ 31 ], this technique is already offered in spe-
cialized centers to boys, expecting that the 
scientifi c progress will allow using the tissue to 
generate sperm or to reactivate the testes in the 
future.   

26.3     Gonadal Dysfunction 
in Women 

26.3.1     Female Reproductive 
Physiology 

 In premenopausal menstruating women, ovarian 
function is controlled by pituitary secretion of 
FSH and LH. FSH activates the granulosa cells of 
growing ovarian follicles which in turn begin to 
proliferate and to produce estradiol. This reduces 
the FSH levels by feedback inhibition, maintain-
ing them at low levels. A mid-cycle LH surge 
induces ovulation following the formation of the 
luteal body that produces progesterone. Follicle 
development takes place over several months 
prior to ovulation. The growing follicles produce 
not only estradiol but also inhibin, which pre-
vents the growth of too many follicles by down-
regulating FSH. 

 At puberty, approximately 300,000 follicles 
are present in the ovary. This number declines 
with age to around 1,000 at menopause (around 
50–52 years of age), when FSH levels are insuf-
fi ciently suppressed due to declining estrogen 
levels and therefore rise. The decline accelerates 
after the age of 35. 

 The number of follicles present in the ovary is 
known as the ovarian reserve and refl ects repro-
ductive capacity. Anti-Müllerian hormone 
(AMH) is produced by early, developing folli-
cles, and its levels vary slightly during the men-
strual cycle. It acts directly on other follicles in 
the ovary and inhibits the growth of too many fol-
licles. The levels of this hormone are increasingly 
used in clinical studies to assess long-term 
gonadal damage and ovarian reserve.  

26.3.2     Treatment-Related Infertility 

 While the mechanisms underlying the ovario-
toxic effects of cytostatic drugs are still largely 
unknown, it is clear that the development of 
primary ovarian failure after chemotherapy is 
caused by accelerated attrition of the ovarian 
primordial follicles. As described above, this is 
age- dependent and relates to the ovarian reserve. 
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For alkylating agents, a direct dose-dependent 
cytotoxic effect has been described. Acute tox-
icity reduces the number of follicles, whereas 
chronic toxicity affects the quality of follicles 
resulting in early atresia [ 32 ]. 

 Very similar to male patients, alkylating 
agents are most commonly involved in female 
gonadal damage. This is well documented after 
treatment with older chemotherapy regimens 
such as MOPP or MVPP (Mustargen, vinblas-
tine, procarbazine, and prednisone). In an early 
study, only 17 of 44 women maintained regular 
menses when either of these regimens was used 
[ 33 ]. In a similar study, Schilsky and colleagues 
investigated ovarian function after treatment with 
MOPP and documented persistent amenorrhea in 
11 of 24 women [ 34 ]. Similarly, after treatment 
with alternating COPP/ABVD for advanced- 
stage HL, therapy-induced ovarian failure was 
described in 17 of 22 women (77 %) [ 11 ]. A fur-
ther analysis included a total of 84 female patients 
with HL and NHL treated with at least three 
cycles of chemotherapy including alkylating 
agents. Premature ovarian insuffi ciency (POI) 
was defi ned as persistent amenorrhea for at least 
2 years after the end of chemotherapy and ele-
vated FSH levels. After a median follow-up of 
100 months, 31 (37 %) women with preserved 
fertility achieved natural pregnancy; in 34 women 
(40.5 %), premature ovarian insuffi ciency was 
reported [ 35 ]. A study by Haukvik and colleagues 
reported POF defi ned as persistent amenorrhea 
before the age of 41 in 37 % of women after HL 
treatment. This occurred more commonly in 
alkylating-agent-treated patients [ 36 ]. In a retro-
spective GHSG analysis, the menstrual status 
after HL treatment of 405 female patients younger 
than 40 years was analyzed. With a median fol-
low- up of 3.2 years, 51.4 % of women who 
received eight cycles of escalated BEACOPP had 
continuous amenorrhea. Amenorrhea was signifi -
cantly less common in women treated with two 
cycles of ABVD (3.9 %), two cycles of alternat-
ing COPP/ABVD (6.9 %), four cycles of alter-
nating COPP/ABVD (37.5 %), or eight cycles of 
BEACOPP baseline (22.6 %). In a multivariate 
analysis, amenorrhea was most pronounced in 
women with advanced-stage HL, women older 

than 30 years of age at treatment, and women 
who did not take oral contraceptives during che-
motherapy [ 37 ]. In a more recent analysis of the 
GHSG, hormonal levels and fertility question-
naires were analyzed in a total of 562 female sur-
vivors after a mean observation time of 
46 months. Women were younger than 40 years 
at HL diagnosis. Normal mean AMH levels 
(>2 μg/L) were observed in women younger than 
30 years after two to four cycles of ABVD early- 
stage treatment, but AMH levels were compro-
mised in survivors ≥30 years old. After treatment 
with six to eight cycles of BEACOPP, mean 
AMH levels were 0 μg/L in both age groups, and 
highest FSH levels were measured in women 
older than 30 years. Regular menstrual cycle was 
reported by more than 90 % of women after 
early-stage treatment and was mostly completed 
within 1 year. In contrast, after advanced-stage 
treatment, age at therapy onset was a decisive 
factor, and time to resumption of menstrual activ-
ity was considerably longer (Table  26.1 ). The 
risk of sustained amenorrhea 4 years after che-
motherapy was 25 % in 25-year-old women and 
50 % in 30-year-old women [ 27 ].

   After ABVD alone, chemotherapy-induced 
ovarian failure is less likely, especially when 
women are younger than 30 years at the time of 
treatment [ 17 ,  38 – 41 ]. Older women have a sig-
nifi cantly lower likelihood of ovarian recovery 
than those of younger age [ 11 ,  27 ,  33 – 35 ,  37 ,  42 , 
 43 ]. 

 Interestingly, the study by Haukvik and col-
leagues demonstrated a high cumulative percentage 

   Table 26.1    Regular cycle after therapy depending on 
age at treatment and chemotherapy regimen in advanced- 
stage HL Behringer et al. [ 23 ]   

 Age (years)  Chemotherapy regimen 

 Regular 
cycle after 
therapy (%) 

 <30  8 × BEACOPP escalated  85 
 ≥30  35 
 <30  6 × BEACOPP escalated  88 
 ≥30  55 
 <30  8 × BEACOPP-14  70 
 ≥30  44 
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of POI in the youngest group of women. 
Compared to women diagnosed at the age of 
30 years or older, those younger than 30 years 
developed POI approximately 5 years later. These 
fi ndings suggest that younger age at HL treat-
ment delays the development of POI but that the 
lifetime risk of POI is not decreased [ 36 ].  

26.3.3     Post-treatment Assessment 
of Ovarian Reserve with Anti- 
Müllerian Hormone Levels 

 In the literature, the defi nition of gonadal toxicity 
varies. As described in the prior section, gonadal 
toxicity is defi ned by amenorrhea only in some 
reports, whereas in others also hormonal parame-
ters such as FSH or LH were used. However, all of 
these parameters only measure the ovarian reserve 
indirectly and have little sensitivity. Recent stud-
ies suggested that AMH is the most sensitive 
marker of gonadal function. This hormone is pro-
duced by the granulosa cells of early developing 
preantral and antral follicles in the ovary. The 
serum AMH levels can be used as a marker for the 
number of growing follicles – the levels decrease 
when the number of follicles declines. The AMH 
levels are not infl uenced by the day of the men-
strual cycle. They are therefore a potentially con-
venient and useful marker [ 44 – 46 ]. 

 However, several recent studies have revealed 
that AMH is currently of limited use as a routine 
parameter due to high fl uctuations of AMH con-
centrations in different AMH assays and labora-
tories. The introduction of an automated and 
reproducible immunoassay for anti-Müllerian 
hormone is expected soon. Until then, AMH con-
centrations should be interpreted with care. 

26.3.3.1     Hypogonadism in Women 
 In the study of the GSHG, hypogonadism was 
analyzed using the menopause rating scale 
(MRS). Results demonstrated an age-dependent 
raise in severe menopausal symptoms for all HL 
stages and therapies. Severe menopausal symp-
toms in women >30 years were three- to fourfold 
higher than in an older (45–60 years) German 
reference population [ 27 ].   

26.3.4     Radiation Therapy 

 Due to the increasing use of combined modality 
or chemotherapy-only approaches, infradia-
phragmatic radiation is rarely used in the treat-
ment of HL. According to a mathematic model 
described by Wallace and colleagues, the dose of 
radiation required to destroy approximately 50 % 
of oocytes has been estimated to be less than 
2 Gy [ 47 ]. The estimated effective sterilizing 
radiation dose to the ovary at birth is 20.3 Gy, at 
the age of 10 years is 18.5 Gy, at the age of 20 is 
16.5 Gy, and at the age of 30 is 14.3 Gy [ 48 ]. 

 The uterus is more radioresistant than are the 
ovaries. Nonetheless, partial or complete uterine 
irradiation, though rarely required, can result in 
uterine fi brosis with an increased rate of miscar-
riage. Gonadal and organ damage can be reduced 
by shielding and other techniques, and pretreat-
ment oophoropexy may also have a role in this 
process.  

26.3.5     Preventative Treatment 
Strategies in Women 

 After HL diagnosis, strategies for ovarian protec-
tion should be offered to all women who have not 
completed their family planning. Women should 
be referred to an experienced center for counsel-
ing on protective procedures, after which man-
agement approaches should also be discussed 
with the attending oncologist. Figure  26.1  sum-
marizes the options to preserve fertility in women 
with HL [ 49 ].   

26.3.6     Pharmacological Prevention 
of Gonadal Damage 

 Gonadotoxic chemotherapy destroys ovarian 
follicles and leads to decreased estrogen and 
inhibin secretion. Due to the negative feedback 
mechanism, the FSH levels increase and induce 
an increased recruitment of follicles, which are 
also potentially destroyed by chemotherapy. 
Pharmacological methods to protect fertility aim 
at suppressing pituitary gonadotropin secretion 
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and cyclic ovarian function with the use of GnRH 
agonists, antagonists, and oral contraceptives. 

 The following putative protective mechanisms 
using GnRH analogues have been suggested [ 50 ]:
    1.    Creating a prepubertal, hypogonadotropic 

milieu: Injected GnRH analogues cause an 
initial stimulation (“fl are up”) of the pituitary 
LH and FSH secretion. As a consequence of 
the downregulation of the pituitary GnRH 
receptors, the FSH and LH secretion then 
declines to low, prepubertal serum levels. This 
mechanism prevents the FSH levels from 
increasing and can stop the enhanced recruit-
ment of follicles, thereby rescuing them from 
accelerated atresia.   

   2.    Decreased utero-ovarian perfusion: Due to the 
hypoestrogenic milieu, utero-ovarian perfu-
sion is decreased. This may lead to a lower 
total cumulative exposure of the ovaries to 
gonadotoxic chemotherapy.   

   3.    A direct effect on GnRH receptors: GnRH-a 
may directly decrease gonadotoxicity of 
chemotherapy.   

   4.    Possible role of sphingosine-1-phosphate: 
Spingosine-1-phosphate (S-1-P) is a lipid 
mediator of cell growth, survival, invasion, 
vascular maturation, and angiogenesis. Those 
processes are involved in cell viability and 
cancer progression. It has been speculated that 
GnRH-a may increase intragonadal S-1-P, 
thus preventing the ovarian follicles from 
destruction.   

   5.    Possible protection of ovarian stem cells: It is 
speculated that GnRH-a may protect undiffer-
entiated germ line stem cells that are capable 
of generating de novo primordial follicles.    
  Others have challenged the putative protec-

tive effect of GnRH-a, as the primordial fol-
licle growth is an FSH-independent process 
and alkylating agents are not cell-cycle specifi c. 

Options to preserve fertility in women with HL

Cryopreservation of gametes

Ovarian stimulation:
delay 2 weeks

Partner

NoYes

Fertilized
oocytes

Unfertilized
oocytes

IVFEmbryo transferTransplantation

Ovarian
transposition

Pelvic
irradiation

Chemotherapy

Reduction of gonadotoxicity

Adaptation of
chemotherapy

regimen

Pharma-
cology:

GnRH – a
(clinical

trial)

Ovarian tissue

Spontaneous pregnancy IVF

  Fig. 26.1    Fertility preservation in women with HL (Modifi ed by Demeestere et al. [ 47 ])       

 

26 Gonadal Dysfunction and Fertility Preservation in Hodgkin Lymphoma Patients



434

Thus, they might damage resting primordial fol-
licles. Thus, GnRH-a might halt the growth of 
developing follicles, resulting in a resumption of 
the menstrual cycle in the short term. This might 
give the false impression that ovarian function is 
preserved [ 51 ]. 

 Recently, two meta-analyses including women 
with different types of cancer [ 52 ] and women 
with lymphoma [ 53 ] have been published. 

 Del Masto et al. [ 52 ] included nine random-
ized trials in the meta-analysis with 225 events 
of POI occurring in 765 analyzed patients. The 
pooled OR estimate indicated a highly signifi -
cant reduction in the risk of POF (OR = 0.43; 
95 % CI 0.22–0.84;  p  = 0.013) in patients 
receiving GnRH-a. There was neither a statis-
tically signifi cant heterogeneity among studies 
(I2 = 55.8 %;  p  = 0.012) nor evidence of publi-
cation bias. Subgroup analyses showed that the 
protective effect of GnRH-a against POI was 
similar in subgroups of patients defi ned by age 
and timing of POF assessment, while it was 
present in breast cancer but unclear in ovarian 
cancer and lymphoma patients. The authors con-
cluded that GnRH-a signifi cantly reduces the 
risk of chemotherapy- induced POF in young 
cancer patients. 

 Zhang et al. [ 53 ] identifi ed three randomized 
and four case control studies with lymphoma 
patients. They suggested that GnRH-a may be 
effective in protecting ovarian function during 
chemotherapy in lymphoma patients. However, 
due to the limited number of randomized studies, 
they also indicated that well-designed prospec-
tive studies are needed to improve further under-
standing of this topic. 

 Between 2004 and 2007, the GHSG con-
ducted a prospective randomized trial (PROFE) 
to analyze the protective effect of GnRH-a. This 
trial was designed for young female patients (18–
40 years) with advanced-stage HL receiving eight 
cycles of escalated BEACOPP. Patients were ran-
domly assigned either to daily oral contraceptives 
(OC) or the GnRH-analogue (GnRH-a) gosere-
lin, given monthly during eight cycles of poly-
chemotherapy with escalated BEACOPP. The 
study was closed early after an interim analysis 
of 23 patients. Twelve patients were enrolled into 

arm A (OC) and 11 into arm B (GnRH-a). The 
women’s median age was 26 years in arm A and 
25 years in arm B. The AMH level after at least 
12 months was reduced in all women. Combining 
both treatment arms, the respective ovarian folli-
cle preservation rate was 0 % (95 % CI 0–12 %); 
thus, continuation of the study was not justifi ed 
[ 54 ]. 

 Results of a retrospectively performed study 
of the GHSG demonstrated that the prophylactic 
use of GnRH-a during therapy was followed by 
signifi cantly more pregnancies after therapy for 
early unfavorable HL stages. This fi nding sug-
gests a protective effect in women receiving less 
toxic chemotherapy [ 55 ]. 

 Clinically relevant side effects of GnRH-a 
include menopausal symptoms such as hot 
fl ushes, headaches, mood changes, and decreased 
bone density.  

26.3.7     Cryopreservation of  Oocytes/
Ovarian Tissue 

 There have been remarkable advances in recent 
years in the fi eld of cryopreservation of oocytes 
and ovarian tissue. But which technique (if any) 
should be recommended to a young woman 
before chemotherapy? This depends on the treat-
ment to be used, age, availability of a partner, and 
the clinical condition of the patient and time 
available. It should be emphasized that results are 
likely to signifi cantly improve during the repro-
ductive span of patients currently undergoing 
harvest and storage. 

26.3.7.1     Ovarian Stimulation 
and Cryopreservation 
of Fertilized and Unfertilized 
Oocytes 

 A minimum period of 2 weeks is required for 
both procedures. This is largely due to the time 
needed for ovarian stimulation. Modifi ed stimu-
lation regimens requiring 2 weeks have been suc-
cessfully evaluated [ 56 ]. The cryopreservation of 
fertilized oocytes is a well-established method. If 
a suffi cient number of oocytes can be retrieved 
and all cryopreserved fertilized oocytes are 
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 transferred, the average cumulative pregnancy 
rate can be up to 40 %. The success rate of the 
cryopreservation of unfertilized oocytes has sig-
nifi cantly improved due to the introduction of the 
vitrifi cation freezing technique. It has been 
shown by specialized centers that the pregnancy 
rates after vitrifi cation of oocytes are similar to 
oocytes without cryopreservation [ 57 ].  

26.3.7.2     Cryopreservation of Ovarian 
Tissue 

 Cryopreservation of ovarian tissue is an alterna-
tive especially for young patients without a part-
ner. This method requires little or no preparative 
time but does require a laparoscopy. A combina-
tion of this technique with other invasive meth-
ods is possible. 

 The ovarian tissue is retrieved from one ovary 
and subsequently prepared and preserved using 
cryoprotective agents. If ovarian function insuf-
fi ciency develops while relapse-free on  follow- up, 
the cryopreserved tissue can be transplanted 
orthotopically to the remaining ovary or hetero-
topically. Currently, 30–40 live births and several 
ongoing pregnancies have been reported using 
this approach [ 58 ]. Work in mice models led to 
concern about possible tumor reimplantation 
from ovaries infi ltrated with lymphoma [ 59 ]. In 
practice, however, HL rarely involves the ovaries; 
the tumor cells are extremely fragile, and so far 
there are no recorded events of tumor cell reim-
plantation [ 60 ].   

26.3.8     Premature Menopause 

 Early onset of menopause in female patients after 
treatment for childhood cancer is well described 
[ 61 ,  62 ] showing higher cumulative incidence of 
premature menopause by the age of 40 for survi-
vors compared to control siblings (8 vs. 0.8 %) 
[ 63 ]. Alkylating-agent-based combination che-
motherapy will very likely lead to premature 
menopause in female patients. It is important to 
note that occasionally transient cessation of men-
ses, with or without hot fl ushes, can occur. 
Hormone replacement may be indicated to reduce 
symptoms and prevent osteoporosis. If fertility is 

desired in younger women and conventional low- 
dose HRT is used, it is possible to monitor ovarian 
recovery with FSH levels. If oral contraceptives 
are used, treatment breaks with re-evaluation of 
ovarian function may be reasonable.   

    Conclusions 

 Remarkable advances have occurred in the 
management of HL, and today cure can be 
anticipated for the vast majority of young 
adults. When alkylating-agent-based combi-
nation chemotherapy was fi rst devised in the 
1960s, almost any late effect on fertility was 
acceptable in the context of the hitherto grim 
prognosis of HL, particularly in advanced 
stages. Then, regimens such as ABVD proved 
to be equivalent or superior, inducing less 
gonadotoxic effects. After the introduction of 
highly effective alkylating-agent-based ther-
apy such as BEACOPP, impressive tumor con-
trol and overall survival rates were achieved 
but were associated with substantial gonadal 
toxicity, necessitating the development of 
adjunctive fertility supporting technology. 
Current trials evaluate risk-adapted treatment, 
reserving more effective but more toxic treat-
ment for subgroups of patients with poorer 
prognosis as judged by positron emission 
tomography (PET) scanning. 

 The remarkable advances in the manage-
ment of HL are paralleled by advances in fer-
tility preservation techniques. It is of particular 
importance that these are considered and dis-
cussed as early as possible after diagnosis in 
the context of the patient’s wishes with regard 
to treatment and future fertility.     
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