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Abstract: In total, 80%–90% of Hodgkin’s lymphoma (HL) patients are curable with combi-

nation chemoradiotherapy. Due to improvements in therapeutic strategies, 50% of all relapsed/

refractory patients may undergo complete clinical responses and have long-term survival. 

Treatment options for HL are effective, but may have a negative impact on post-chemotherapy 

fertility. Thus, cryopreservation of semen prior to treatment is recommended for male patients. 

For female patients, assisted reproductive techniques (ART) consult and fertility preservation 

should be offered as a therapeutical option. In the last years, new targeted molecules have 

been available for HL treatment. These new drugs showed a high rate of overall responses in 

the setting of heavily pretreated patients, most of them in relapse after autologous stem cell 

transplantation, a group previously considered very poor risk. Up to 50% of patients have a 

complete response and an improved overall survival. Future studies will address the usefulness 

of novel molecules as a frontline therapy. Considering the high response and survival rates with 

monoclonal antibody-based therapeutics, fertility has become a concerning issue for long-term 

HL survivors. As progress has been made regarding ART, with the rigorous steps planned for 

HL patients, more survivors will become parents.
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Introduction
Due to modern combined chemoradiotherapy strategies, Hodgkin’s lymphoma (HL) 

is now considered to be a malignant disease with a high curability rate and a 5-year 

progression free survival of 87%.1 Patients diagnosed with early stage HL are gen-

erally treated with short courses of chemotherapy plus consolidation radiotherapy. 

Patients with an advanced stage disease are treated with combination chemotherapy.2–4 

The progress made in the last few years with intensive chemotherapy, autologous 

stem cell transplantation (ASCT), and novel targeted molecules has improved the 

response and survival rates, even for advanced stage of relapsed/refractory HL.5–9 

Patients with progressive disease after salvage therapy were considered, a decade 

ago, to be a very poor prognosis group. Eligible patients are now being offered 

the chance of undergoing an allogeneic stem cell transplantation, in association 

with an increased risk of therapy related-mortality.10–12 Targeted molecules show 

unprecedented response rates in present-day chemotherapy.13–17 Still, large cohort 

studies have yet to address the concerning issue of long-term complications. One 

such complication is infertility in both men and women. In women, infertility may 
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be due to chemotherapy-induced diminished  ovarian reserve 

(chDOR) or to premature ovarian failure (POF). chDOR 

manifests as secondary amenorrhea and persisting high 

levels of gonadotropins.18 POF is defined as the loss of 

ovarian function of peripheral origin before the age of 40. 

In men, chemotherapy may be complicated by temporary 

or definitive azoospermia. Even more, there is the issue of 

subfertility, a known complication of HL that affects both 

sexes, predominantly men. A possible explanation would 

be the disturbed cellular immunity.19–21

In the current paper, we aim to review the current know-

how on fertility complications induced by chemotherapy 

and radiotherapy, as well as by novel drugs approved for HL 

therapy. Other possible treatment options, such as assisted 

reproductive techniques (ART) for HL patients with fertility 

problems and long-term survivors, are discussed, with the 

purpose of designing an algorithm with distinct steps on HL 

diagnosis, treatment, and tissue/sperm preservation. 

Methods
The analysis was made following an extensive search of the 

National Library of Medicine’s MEDLINE database using 

PubMed and Google Scholar, as previously described.22 

Papers included in the analysis were limited to English, 

German, Romanian, and French language publications, but 

were not limited to any geographical region, from January 

1976 to July 2017. Only papers published between 1976 and 

2017 were considered in order to avoid any inconsistencies in 

diagnostic criteria and also cover the period of publications on 

HL. The search strategy was based on the combination of the 

keywords “Hodgkin’s lymphoma”, “infertility”, “pregnancy”, 

“fertility preservation”. Subsequently, an additional manual 

search of the citations of the previously selected papers was 

performed.

We identified 268 candidate papers, of which nine papers 

were excluded as they were related to pediatric oncology. 

Nine other papers related to other types of lymphoma and 

solid cancers, being excluded, raised the number of analyzed 

papers to 250. 

Current knowledge on fertility and 
HL chemotherapy
The risk of infertility depends on patient’s age, type, and dose 

of chemotherapy.23–28 The risk of infertility is higher after the 

age of 30, as the follicle reserve diminishes with age.29–33 A 

large Norwegian study enrolled women diagnosed with and 

treated for HL, and reported that patients aged under 25 years 

had the same risk of infertility as the patients older than 30 

years, but with delayed complications (15 vs 2 years).34 

In men, spermatogonia is constant throughout life.35 In a 

recent study by the European Organization for Research and 

Treatment of Cancer Lymphoma Group (EORTC) and Groupe 

d’Etude des Lymphomes de l’Adultes (GELA), risk factors 

associated with infertility in men treated for HL were consid-

ered to be the general symptoms at diagnosis, especially fever 

and night sweats, and an increased erythrocyte sedimentation 

rate (ESR), probably due to proinflammatory cytokines.36

Early stage HL is treated with the ABVD (doxorubicine, 

bleomycin, vinblastine, dacarbazine) protocol as the standard-

of-care.37,38 Hodgson et al,39 as well as Brusamolino et al,40 

have shown that ABVD chemotherapy is safe and birth rates 

are comparable with the general population. Escalated BEA-

COPP (bleomycine, etoposide, doxorubicine, cyclophospha-

mide, vincristine, procarbazine, prednisone) protocol is used 

for advanced stage HL, which, according to a multivariate 

analysis of a German cohort, is positively associated with 

the development of consequent infertility.41 Similar results 

were later reported by Decanter et al,42 a group that correlated 

a decrease in the serum levels of anti-Müllerian hormone 

(AMH) in patients treated with both ABVD and alkylating 

agents-containing regimens, but the recovery was complete 

after 1 year in the ABVD group.42 The alkylating agent 

cyclophosphamide is known to have a high risk of gonado-

toxicity.43 Cyclophosphamide alters the ovarian reserve in a 

dose-, duration-, and age-dependent manner; 40% of female 

patients under the age of 40 years have developed chDOR 

after cyclophosphamide-based chemotherapy regimens. 

Alkylating agents induce a risk of infertility of 3.98 when 

compared to the general population, with the risk increasing 

due to the cumulative dose.44,45 

For men treated with the ABVD protocol, the recovery 

of spermatogenesis is similar with the recovery of ovarian 

function in women, 6–18 months following the end of therapy. 

van der Kaaij et al36 report a recovery time for the follicle-

stimulating hormone (FSH) of 18 months for 82% of male 

patients treated without alkylating agents vs 27 months for 

30% of patients treated with alkylating agent-containing 

regimens.36 As in female patients, alkylating agents and 

platinum-based regimens are the most important risk factor 

for infertility in men, with the risk being dose-dependent. 

The decline in sperm count was reported after 2–3 months 

of chemotherapy. The corticosteroids included in the esca-

lated BEACOPP regimen also have an inhibitor effect on the 

hypothalamic–pituitary–gonadal axis of male patients.46,47
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An additional risk factor for therapy-related infertility 

is pelvic radiotherapy. For male patients, recent progress in 

ART could lead to an improved rate of fatherhood following 

treatment, even in oligozoospermic patients. Radiotherapy 

is used in combination with chemotherapy for early stage 

HL, as well as for bulky metastatic lymph nodes in advanced 

stage HL. A dose of 2.5–5 Gy is associated with infertility 

in 30%–40% of women aged 15–40 years and in 90% of 

women older than 40 years. Radiation is toxic, both for active 

and dormant follicles. For men, irradiation with 1–2 Gy is 

associated with a consequent risk of sterility.48 A 7.5 Gy 

radiation to the testis induces the highest risk of sterility.47 

The data regarding the stage of the disease is controversial. 

Some studies report no association between disease stage and 

fertility, but probably the risk associated with disease stage 

is related to the therapy used.

Second-line therapies include DHAP (dexamethasone, 

high-dose cytarabine, cisplatin), ICE (ifosfamide, carbopla-

tin, etoposide), IGEV (ifosfamide, gemcitabine, etoposide, 

vinorelbine), GDP (gemcitabine, dexamethasone, cisplatin), 

GVD (gemcitabine, vinorelbine, dexamethasone), MINE 

(mesna, ifosfamide, novantrone, etoposide) chemotherapy 

regimens, none of which have yet been evaluated for the 

risk of infertility. The infertility risk associated with an 

ASCT was not prospectively evaluated so far, but few case 

reports of pregnancies after BEAM (BCNU, etoposide, cyta-

rabine, melphalan) conditioning chemotherapy have been 

published.49,50 Several studies and reports of the European 

Blood and Marrow Transplantation (EBMT) have shown 

a high risk of infertility associated with allogeneic trans-

plantation, especially when total body irradiation (TBI) was 

used as part of the conditioning regimen.49 However, up to 

20%–25% of patients recover their fertility several years 

after myeloablative allogeneic transplantation.47 

Overall, on a Dutch cohort, de Bruin et al51 have shown 

that 97 out of 518 patients treated with chemotherapy for 

HL developed a premature menopause. The largest study 

that evaluated the risk of infertility in patients treated for HL 

was published by Swerdlow et al.50 The study evaluated 2,127 

female patients treated from 1960 to 2004, with the evaluation 

being made from 2003 to 2012. Among these patients, 1,292 

developed early or premature menopause. The group showed 

a cumulative risk of infertility associated with age, at least 

six cycles of alkylating agent therapy, BEAM chemotherapy, 

or 5 Gy pelvic radiotherapy. There was an increased risk for 

older patients, but there was also evidence of cumulative 

incidence years after treatment. 

Targeted new therapies and fertility
In the last 2 years, important progress has been made in the 

treatment of HL with monoclonal antibody-based drugs. 

These novel targeted molecules have shown unprecedented 

overall response rates for heavily pretreated patients, most of 

whom are in relapse after multiple lines of chemotherapy and 

ASCT.52,53 It is too early to have fertility studies considering the 

limited experience, but specialists and patients should be aware 

of safety information regarding pregnancies. Some informa-

tion is available for rituximab, in use since 1997 for different 

Non-Hodgkin’s lymphoma (NHL) subtypes, and rituximab 

appears to be safe.54,55 There is limited data on fertility issues, 

but the available animal studies show embryofetal abnormali-

ties correlated to targeted therapy. The anti PD-1 molecules 

are IgG4 that crossed the placental barrier, and monomethyl 

auristatin E (MMAE) has proven testicular toxicity.

Brentuximab vedotin is an anti-CD30 antibody drug 

conjugate, covalently linked to a antimicrotubule agent mono-

methyl auristatin E (MMAE), with proven efficacy in CD30 

lymphoproliferative diseases such as HL, anaplastic large 

cell lymphoma (ALCL), and other types of non-Hodgkin’s 

lymphoma (NHL).56–59 This drug is approved for relapsed/

refractory HL after ASCT or after two prior lines of chemo-

therapy, brentuximab vedotin showed an overall response 

rate of 75% and a complete response rate of 34%, in phase 2 

trials as a single agent.60,61 Recent results of the AETHERA 

study group suggest a role of brentuximab vedotin treatment 

as consolidation after ASCT for high risk patients.62 CD30 is 

not expressed in physiological conditions, with some excep-

tions such as decidual cells in the uterus and endometrium 

during pregnancy.63,64 

Up to this point, no studies have been published regard-

ing the use of brentuximab in pregnant women, but pre-

clinical studies on animal models have shown significantly 

decreased embryo viability and fetal malformations.61 Thus, 

both HL and ALCL patients are advised not to become 

pregnant during brentuximab therapy and 6 months after 

the last dose. For men treated with brentuximab, the same 

rules as for chemotherapy should be applied regarding 

sperm collection, since non-clinical studies have revealed 

testicular toxicity. MMAE has aneugenic properties lead-

ing to testicular atrophy and degeneration, that are partially 

reversible. Male patients should use contraception methods 

for at least 6 months after the last dose. There is no infor-

mation on breastfeeding, but it is possible that a very low 

quantity of brentuximab could be found in milk, since it 

is a large protein.
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Brentuximb is an important acquisition for the HL 

treatment, but, regarding conception, the same rules as for 

chemotherapy should be applied.

Nivolumab is a fully human anti PD-1-monoclonal anti-

body, used in clinical trials for the treatment of HL in the 

setting of relapsed/refractory disease after ASCT followed 

by brentuximab vedotin therapy.65 In a recent large Phase II 

clinical trial, 80 patients who failed both ASCT and brentux-

imab vedotin have received nivolumab. The overall response 

rate was 66%, with a complete response of 8.8% and partial 

response of 57.5% of patients. The 6-month overall survival 

was 99%.66–68 So far, there are no studies on fertility in men or 

women treated with nivolumab. There is no data on pregnancy 

outcome under nivolumab treatment, but animal studies 

show embryofetal toxicity.69 The only published literature 

is from various regulatory agencies recommendations for 

contraception during nivolumab therapy and 5 months after 

the last dose.

Pembrolizumab is another anti PD-1 monoclonal antibody 

tested in patients with HL.70 Recently, the results from the 

Keynote-013 Phase I/II clinical trial have been reported with 

impressive outcome.71 Among the 31 patients treated with 

pembrolizumab, all of them after relapse from ASCT, the 

overall response rate was 65%, with 16% complete response 

and 48% partial response rates.72 Still, there is no available 

clinical data on fertility under pembrolizumab therapy, but 

animal studies have revealed no negative effects. As with 

nivolumab, there are no data on the use of pembrolizumab 

in pregnant women, but animal studies reveal fetal harm and 

fetal loss. So far, recommendations treatment with pembro-

lizumab is not to be used in pregnancies.

Still, both anti PD-1 antibodies are IgG4, known to cross 

the placental barrier.73,74 PD-1 blockade with nivolumab or 

pembrolizumab is safe and effective. Treatment is usually 

administered for 3–6 months, up to 2 years. Retreatment is 

also allowed in the case of initial response, with most frequent 

adverse events being the immune reactions. It is important to 

emphasize that patients treated with anti PD-1 monoclonal 

antibodies are heavily pretreated with chemotherapy and 

ASCT, both therapies known to impair fertility in men and 

women. Current studies evaluate the role of anti PD-1 mono-

clonal antibodies as first-line therapy. We hope for new data 

on fertility complications due to these targeted molecules.

Rituximab is a chimeric mouse/human IgG1k monoclo-

nal antibody targeting the B cell surface antigen CD20.75–77 

Rituximab is used in the clinic for treating diffuse large B 

cell NHL, follicular NHL, as well as for nodular lympho-

cyte predominant HL. The median half-life is 18–22 days, 

but the drug can be detected in blood up to 24 weeks after 

administration. The B cell depletion induced by rituximab 

can last for 6 months to years in some patients. Chakravarty 

et al78 have shown that most of the 231 pregnancies included 

in the study, with preconceptional and antepartum exposure 

to rituximab, resulted in uncomplicated live births. In this 

study, there was no pattern of congenital abnormalities 

identified and associated with rituximab. There was also no 

pattern of neonatal infections, but cytopenias were detected 

in seven of the eleven reports. This observation has led to the 

recommendation of blood count for all newborns exposed 

to rituximab, especially shortly before or during gesta-

tion. Given the prolonged B-cell depletion after rituximab 

administration, regular check-ups for both the mother and 

the newborn should be performed. No clear conclusion can 

be drawn from current reports regarding male exposure to 

rituximab, and data are still insufficient for the evaluation 

of gonadal toxicity in men.78 

Gonadal function evaluation and 
fertility preservation options
There is no consensus on ideal parameters of fertility.79 FSH 

is elevated in the case of impaired ovarian function, and it has 

been used as the most important ovarian function parameter, 

but it’s high intercycle variability makes this serum analysis 

unreliable. Currently, AMH is being used as the best tool 

for assessment of ovarian function, as it demonstrated high 

sensitivity and stability.80 Another evaluation assay is the 

determination of inhibin B hormone, secreted by the follicles 

recruited during the ovarian cycle and involved in the nega-

tive regulation of FSH. Nevertheless, this type of analysis 

is not available in all laboratories, especially in developing 

economies.81 The transvaginal ultrasound performed at day 

3 of the menstrual cycle provides the number of follicles 

between 2 and 10 cm, that correlate with the ovarian reserve.82 

Unfortunately, in the case of amenorrhea, the ultrasound has 

not proven to be useful. Most specialized centers in reproduc-

tive techniques use both AMH and/or FSH serum levels and 

ovarian ultrasound.83,84 

For male patients, the best available assessment is semen 

analysis, which provides data on sperm count, as well as 

vitality and mobility of the spermatozoids. The test should 

be performed at least 3 months after chemotherapy, as sper-

matogenesis takes ~74 days. FSH and inhibin B serum levels 

could also be used.

The most important step on fertility preservation for 

patients treated for HL is the multidisciplinary collaboration 

between hematologist, ART specialist, and  gynecologist. The 
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use of gonadotropin-releasing hormone analogs (GnRH-a) 

during chemotherapy is still controversial.85,86 Several 

randomized trials suggest the efficacy of GnRH-a in the 

reduction of chDOR risk for female patients undergoing 

chemotherapy, based on a chemical-induced menopause 

which can protect the ovary from the cytotoxic effect. A 

German trial has evaluated the use of oral contraceptives 

in comparison to GnRH-a for female patients treated with 

escalated BEACOPP, and found no efficacy of GnRH-a. 

Currently, there is no evidence that GnRH-a administration 

during chemotherapy could increase the rate of pregnan-

cies, with no clear recommendation regarding their use. 

Still, important advantages for the clinician are the good 

control of the menstrual cycles and the reduction of irregular 

bleeding.87–91 

Currently, three preservation methods are available for 

female patients: oocyte cryopreservation, in vitro fertiliza-

tion for embryo cryopreservation, and cryopreservation 

of ovarian tissue. Recently, a new technique of retrieval of 

cumulus oocyte complexes, followed by in vitro maturation 

and vitrification, in combination with ovarian tissue cryo-

preservation, was reported in France.92,93 With regard to oocyte 

cryopreservation, ovarian stimulation for 4–6 weeks is still 

needed, and the success rate is only 3%.94,95 Fertilization of the 

oocyte by intra-cytoplasmic sperm injection and subsequent 

vitrification could increase the success rate to 6.8%.96 The in 

vitro fertilization followed by embryo cryopreservation is 

a feasible option for patients with a stable partner, where a 

delay in chemotherapy is not contraindicated, and where an 

ovarian stimulation of 9–14 days, but sometimes 4–6 weeks, 

is possible. The success rate has been reported to be 18%.20 

The cryopreservation of the ovarian tissue is a new prom-

ising procedure, but it’s results need further confirmation, 

since only a few pregnancies have been reported so far, with 

a risk of 50% loss of ovarian reserve and an additional risk 

of malignant cell reimplantation.97 

For male patients that undergo chemotherapy, semen 

collection and preservation must be proposed to the patient 

prior to therapy. There is a known risk of subfertility in HL 

patients,19,20 and normal sperm is essential for embryo devel-

opment.98,99 It is of utmost importance to perform quality 

control assays prior to preservation. There is no consensus 

on the ideal method of quality measurement and there are 

several available methods such as the SCSA (sperm chro-

matin structure assay;100 the detection of single and double 

DNA breaks by terminal deoxynucleotidyl transferase-

mediated dUTP nick end labeling (TUNEL)101 the comet 

assay,102 or flow cytometry using monobromobimane for 

reactive SH groups in protamines and using chromomycin 

A3 for DNA compaction.103 O’Flaherty et al19 have reported 

increased DNA damage in newly diagnosed HL patients 

when compared with controls, using two control methods: 

comet assay and flow cytometry with monobromobimane 

and chromomycin. Semen collection may be possible after 

initiation of chemotherapy, but the risk of genetic defects 

in the offspring is unknown.19 Some groups report suc-

cess with cryopreservation and subsequent transplantation 

of spermatogonial stem cells, but these options are still 

experimental and are offered only to patients in whom 

semen cryopreservation is not  possible.104 As in female 

patients, there is limited data regarding the efficacy of 

hormone suppression in reducing the risk of infertility 

during chemotherapy.105,106 All patients should be offered 

the possibility of sperm preservation, with the best local 

available quality control assay. 

The American Society of Clinical Oncology published in 

2013 updated recommendations on fertility issues in patients 

with cancer. For men, sperm cryopreservation is the recom-

mended method as the only proven fertility preservation 

method. For women, embryo and oocyte cryopreservation 

are established fertility preservation methods. The authors 

suggest ovarian transposition in the case of pelvic radio-

therapy. Nor for men or women, there is no recommendation 

for hormonal suppression, since there is insufficient data on 

effectiveness.107 

Figures 1 and 2 present the algorithms for fertility pres-

ervation in HL patients, as a proof-of-concept.

Conclusion
Treatment of young patients diagnosed with HL is multidis-

ciplinary and involves a team of hematologists, gynecolo-

gists, and fertility specialists, who should all keep in mind 

that increased disease activity could be associated with 

adverse pregnancy outcome.108–113 The risk of chemother-

apy-induced infertility should be discussed with all newly 

diagnosed HL patients. A thorough evaluation of ovarian 

function and semen should be performed in all young HL 

patients. Even if the infertility risk associated with ABVD 

regimen is known to be low, fertility issues and preservation 

methods should be discussed with all patients under the age 

of 40 diagnosed with early stage HL before the beginning 

of therapy. Patients diagnosed with advanced stage HL, 

treated with combination chemotherapy, should also be 

offered fertility preservation methods prior to therapy, as 

well as counseling, which must be offered to all patients 

regarding the risks of pregnancy during treatment. Other 
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long-term complications of chemoradiotherapy, such as 

secondary acute leukemia or breast cancer or thyroid dis-

function, should be kept in mind when deciding in favor of 

fertility preservation at the initial HL diagnosis, consider-

ing the timeframe for next chemotherapy and the possible 

contraindication for ovarian stimulation.

Current recommendations suggest a planned pregnancy 

after 6–24 months following chemotherapy, considering the 

approximate 6 months interval for follicullar maturation and 

the relapse risk which is highest during the first 2 years. For 

the anti-CD20 monoclonal antibody rituximab, the recom-

mendations are for contraception during treatment and no 

less than 12 months after the last dose. For anti-PD-1 mono-

clonal antibodies, strong recommendations are in favor of 

contraception. Still, most available data on fertility issues and 

pregnancy rate and pregnancy outcome are from voluntary 

reports, from clinical trials, or from registries, thus making 

clear interpretation of data difficult. Long-term follow-ups 

of pregnancies during chemo-, immunotherapy are scarce, 

and reports on pregnancies and their outcomes should be 

encouraged, in order to have better guidelines. 

With the impressive results obtained with targeted mol-

ecules, even in the setting of relapsed/refractory disease, long-

term survivors of HL will be seen. Future studies will assess 

the best approach regarding the use of monoclonal antibodies 

in frontline or relapsed settings, with single agents or com-

bination therapy. Due to the important progress made with 

the addition of monoclonal antibodies, fertility issues need 

to be carefully studied in future trials for responding patients.
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Figure 1 Algorithm for fertility preservation in HL patients, at diagnosis.
Abbreviations: HL, Hodgkin’s lymphoma; ABVD, doxorubicine, bleomycin, vinblastine, dacarbazine; Esc BEACOPP, escalated bleomycine, etoposide, doxorubicine, 
cyclophosphamide, vincristine, procarbazine, prednisone; ART, assisted reproductive techniques.
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