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Purpose: Non-Hodgkin lymphoma (NHL) is a heterogeneous group of cancers. Published recommendations and
guidelines for fertility preservation are very general and heterogeneous. Therefore, a very first meta-analysis analyz-
ing the worldwide-published data on the risk of infertility after treatment of NHL is required to better counsel patients
regarding fertility issues and to develop further strategies to evaluate the gonadotoxicity of treatments in NHL.
Methods: A systematic literature search was conducted using Medline, Embase, and Cochrane Database of
Systematic Reviews and Cochrane Central Register of Controlled Trials (CENTRAL), including articles
published since 2000. Exclusion criteria were cases with disease relapse, follow-up of <1 year, testicular NHL,
studies with <40% reproductive markers, and case reports. A total of 4602 records were identified. For the sys-
tematic review, 58 studies met the inclusion criteria. In this meta-analysis, 51 studies were included.

Results: The prevalence of expected infertility is 27% (95% confidence interval [CI] 0.20-0.37) overall, 23%
(95% CI: 0.14-0.35) in females, and 35% (95% CI: 0.27-0.44) in males. It is highest after chemotherapy and
radiotherapy to the pelvis and testis + bone marrow transplantation, 43% (95% CI: 0.20-0.69) in females and
57% (95% CI: 0.21-0.86) in males. After alkylating agents in females, it is 24% (95% CI: 0.17-0.34).
Conclusion: The results of this review and meta-analysis indicate a broad heterogeneity of data regarding the
risk of infertility. Therefore, fertility counseling and, if necessary, fertility preservation measures are mandatory
before oncologic treatment for NHL. Prospective studies stratified by chemotherapy regimen and including new
treatment regimens are urgently needed.

Keywords: fertility preservation, infertility, chemotherapy, radiotherapy, bone marrow transplantation, non-
Hodgkin lymphoma, FertiTOX

Introduction

N on-Hodgkin lymphoma (NHL) is a very heterogeneous
group of cancers that arise from lymphocytes, lymph
nodes, and lymphoid tissues. Fortunately, it is a relatively rare
cancer in patients of reproductive age, but nevertheless, children
and adolescents can be affected in exceptional cases.! The chan-
ces of cure depend on many different factors, such as the type
and stage of the lymphoma, the patient’s age, and comorbidities.

Multiagent chemotherapy, immunotherapy, radiotherapy,
and high-dose chemotherapy and autologous stem cell trans-
plantation in selected situations and patients have significantly

improved survival, with 5-year survival rates in patients aged
1444 being 90% in women and 87% in men.! However, the
drawback of these therapies is the relevant long-term compli-
cations, including gonadal dysfunction and infertility.8

Interestingly, infertility does not seem to be a conse-
quence of gonadotoxic therapy alone; altered sperm DNA
and altered spermatogenesis prior to NHL treatment have
been described.® 12 In men, there is a correlation between
the specific type of drug, cumulative doses, radiation dose to
the testes, bone marrow transplantation (BMT), and an alter-
ation of spermatogenesis.” Gonadotoxicity of chemotherapy
drugs also applies to women. '3
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It is therefore very important to discuss fertility preservation
measures before starting a gonadotoxic therapy. However,
although we know that chemotherapy, BMT, and radiotherapy
can cause germ cell and gonadal damage and infertility in girls
and boys,'# as well as in men and women, !> data on the preva-
lence of infertility after cancer therapy are still limited.'6

The question of how to assess the risk of infertility after a
particular type of cancer treatment is important to avoid
unnecessary fertility preservation treatments, especially in
women who require invasive and time-consuming ovarian
stimulation and oocyte retrieval or ovarian tissue cryopreser-
vation. However, in addition to the psychological and medi-
cal stress of fertility preservation for women and the question
of whether it is indicated, costs and reimbursement matters
are also relevant. In Switzerland, for example, fertility preser-
vation is only reimbursed in cases with a risk of infertility,
defined as amenorrhea or azoospermia, of >20%.

However, the existing recommendations and guidelines for
the preservation of fertility are both general and heterogene-
ous, and there is no specific guideline for NHL. Therefore,
this systematic review and first meta-analysis aim to provide
an approximation of the risk of infertility after NHL treatment
in order to give clinically relevant guidance for improved fer-
tility counseling of patients. The meta-analysis is part of the
FertiTOX project (www.fertitox.com), which aims to fill
the data gap on gonadotoxicity of cancer therapies to enable
more accurate fertility counseling.!”

Methods
Registration of protocols

This study protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO;
registry number: CRD42024511940). The Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses were
applied.'®

Search strategy

We conducted a systematic literature search of the Med-
line, Embase, and CENTRAL and Cochrane Database of Sys-
tematic Reviews in April 2024, including articles published
since 2000 (Supplementary Data S1). A medical information
specialist developed and tested an initial Embase search strat-
egy, using a list of basic references. After refining and con-
sulting, complex search strategies were established based on
database-specific controlled vocabulary (i.e., thesaurus terms/
subject headings) and text words. Synonyms, acronyms, and
similar terms were included in the text word search.

By using a double-negative search strategy based on Ovid
“humans-only” filters, animal-only studies were excluded
from all searches. The detailed final search strategies are pre-
sented in Supplementary Material (Supplementary Data S2).
In addition to the search of electronic databases, reference
lists and bibliographies of pertinent studies were reviewed
for other relevant publications. All identified citations were
imported into Covidence. Duplicate entries were removed.'”

Inclusion and exclusion criteria

The studies were independently assessed by two investiga-
tors (A.V. and D.W.) for inclusion by the Covidence software
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(www.covidence.org).2? All original articles with information
on the type of tumor therapy and fertility outcome (elevated
follicle-stimulating hormone [FSH] levels, low ovarian
reserve parameters, amenorrhea, oligomenorrhea, premature
ovarian insufficiency [POI], indication for hormonal replace-
ment therapy, oligozoospermia, azoospermia, indication for
testosterone substitution) were included. Table 1 describes
the criteria for the definition of suspected infertility. Exclu-
sion criteria were cases with disease relapse, follow-up of
<1 year, testicular NHL, studies with <40% reproductive
markers, and case reports.

Data extraction

The studies were independently reviewed by two investi-
gators (DW and AV), and the extracted data were summar-
ized in detail by one investigator (ES) (Tables 2 and 3). The
following characteristics of the study populations were the
key variables of interest: patients’ age at diagnosis and out-
come; duration of follow-up, tumor types, tumor class, type
of oncological treatment, and fertility parameters.

Quality assessment

The Newcastle-Ottawa Scale (NOS)®” was used to assess
the quality of individual studies. In the scoring of individual
studies, the NOS considers three parameters: subject selec-
tion (0—4 stars), comparability (0-2 stars), and study out-
come (0-3 stars). The scoring differentiates three distinct
groups: good quality (3 or 4 stars in the selection domain
AND 1 or 2 stars in the comparability domain AND 2 or 3
stars in the outcome/exposure domain), fair quality (2 stars in
the selection domain AND 1 or 2 stars in the comparability
domain AND 2 or 3 stars in the outcome/exposure domain),
and poor quality (O or 1 star in the selection domain OR 0
stars in the comparability domain OR O or 1 stars in the out-
come/exposure domain). Supplementary Data S3 shows the
terms used for scoring and the biases.

Data synthesis

The primary outcome of our systematic review was the
prevalence of suspected infertility in women and men after
different oncological therapies for NHL.

The prevalence was calculated by the number of patients
who met the criteria for suspected infertility divided by the
number of patients at risk of infertility, as provided by the
individual studies. Statistical analyses for the pooled preva-
lence were done by the “metafor” function of the R software
(R Core Team, Vienna, Austria, 2013), and heterogeneity
was calculated using Cohen’s Q statistic and the [ statistic.
Random-effects models were used in the case of high hetero-
geneity. Studies with unspecified treatments or <10 patients
were excluded for outcome assessment. However, they were
included in the qualitative synthesis and tabular summaries
of study characteristics (see Tables 2 and 3).

Results

Results of the systematic review

A total of 4602 records were identified for abstract screen-
ing. After screening of the abstracts and full texts, a total of
51 studies were included in the meta-analysis; 4551 studies
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TABLE 1. CRITERIA FOR DEFINING “SUSPECTED INFERTILITY”

Females

Males

Menstrual cycle disorders
- Amenorrhea/oligomenorrhea

- Hormonal treatment: Puberty induction/hormonal replacement therapy

Hormone levels above the normal range
- Follicle-stimulating hormone (FSH)

- Luteinizing hormone (LH)
Premature ovarian insufficiency

- Oligomenorrhea/amenorrhea for at least 4 months

- An elevated FSH level >25 IU/L on two occasions at 4 weeks apart

before the age of 40
Very low ovarian reserve parameters

- Antimullerian hormone

Disorders of sperm quality
- Azoospermia
- Oligozoospermia
Hormone levels above the normal range
- FSH
- LH
Gonadal dysfunction
- Low testosterone levels
- Hormonal treatment: Testosterone therapy

Hormone levels below the normal range
- Inhibin B

did not meet the prespecified inclusion criteria and were
excluded. In the systematic review, 58 articles were included
(Supplementary Data S1).

Study characteristics

The characteristics of the 58 studies are shown in Tables 2
and 3. The included studies were retrospective (n = 37), pro-
spective (n = 20), and cross-sectional (n = 1). The majority
(n =34) were rated as being of poor methodological quality,
13 were of good, and one of fair quality. This was mainly
due to the lack of a comparison group or small sample sizes
(Tables 2 and Table 3).

In females, a total of 25,197 patients diagnosed with
NHL, were eligible for fertility analysis. Study sample sizes
ranged from 11 to 21,666 patients. The included studies ori-
ginated from various regions, Europe (n = 16), the United
States (n = 3), Australia (n = 1), Russia (n =2), Canada (n =
3), Asia (n = 1), Israel (n = 3), and Saudi Arabia (n=1).

Study participants included prepubertal and postpubertal
females, with a median age of 24.9 years (range 0.1-83) at
the time of cancer diagnosis and 33.7 years (range 9-56) at
the time of outcome evaluation. The follow-up periods of the
studies were 8.7 years, with a range of 0.25-43.2 years.

In males, a total of 4341 patients diagnosed with NHL
were eligible for fertility analysis. Study sample sizes
ranged from 14 to 1220 patients. The included studies ori-
ginated from various regions: Europe (n = 19), Asia (n = 1),
the United States (n = 4), Canada (n = 1), Israel (n = 1), and
South America (n = 2).

Study participants included prepubertal and postpubertal
males, with a median age of 22 years (range 1.1-83) at the
time of cancer diagnosis and 24.6 years (range 7.7-56.4) at
the time of outcome evaluation. The follow-up periods of the
studies were 8.8 years, with a range of 0.2534 years.

Treatment options included various types of chemother-
apy and/or different doses and types of radiotherapy and/or
stem cell therapy. The exact proportion of patients with each
specific type of treatment could not be determined.

Results of the meta-analysis

A total of 51 studies were included in the meta-analysis.
Seven studies that assessed fertility outcomes in fewer than

10 patients were excluded to provide clinically meaningful
estimates (Supplementary Data S1).

Pooled overall prevalence of suspected infertility

Fifty studies were eligible for inclusion in the analysis of
the overall prevalence of infertility. A total of 30,182 malig-
nant NHL cases were included in this meta-analysis. The
overall prevalence of suspected infertility was 27% (95% CI:
0.20-0.37) (Fig. 1). The heterogeneity test revealed signifi-
cant heterogeneity among the studies (I* = 99, p = 0). In
females, the prevalence was 23% (95% CI: 0.14-0.35)
(Fig. 2) and in males 35% (95% CI: 0.27-0.44) (Fig. 3). The
heterogeneity test in females and males revealed significant
heterogeneity among the studies (I* = 99, p = 0 and I* = 95,
p < 0.01, respectively).

Subgroup analysis: Suspected infertility in patients
after BMT

The prevalence of suspected infertility was found to be
43% in females treated with BMT (95% CI: 0.20-0.69)
(Fig. 4). The prevalence in males, however, was found to be
higher, reaching 57% (95% CI: 0.21-0.86) (Fig. 5). Signifi-
cant heterogeneity was observed in both the female (I* =
84%, p < 0.01) and male (I* = 96%, p < 0.01) groups.

Subgroup analysis: Suspected infertility in females
after chemotherapy with alkylating agents

A total of 440 women were analyzed in order to evaluate
the prevalence of suspected infertility in women who were
treated with alkylating agents (Fig. 6). The prevalence was
found to be 24% in females (95% CI: 0.17-0.34). Data heter-
ogeneity was I> = 71%, p < 0.01.

Discussion

Our study revealed the following important findings: First,
the prevalence of suspected infertility of all patients is 27%
(95% CI: 0.20-0.37). Second, the prevalence (with or with-
out pelvic radiation £ BMT) is higher in men (35%; 95% CI:
0.27-0.44) compared with women (23%; 95% CI: 0.14—
0.35). After chemotherapy with alkylating agents, the preva-
lence in women is 24% (95% CI: 0.17-0.34). Third, the
prevalence of suspected infertility is after chemotherapy
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16 WUNDER ET AL.
Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Miiller 1993 i 11— 0.27 [0.09; 0.59] 0.1% 1.8%
Miiller 1993 3 19 —m— 0.16 [0.05; 0.39] 0.1% 1.8%
Bokemeyer 1994 14 36 —a— 0.39 [0.25; 0.55] 0.3% 2.0%
Bokemeyer 1994 29 54 P —.— 0.54 [0.40; 0.66] 0.5% 2.1%
Radford 1994 1 14 -m— 0.07 [0.01;0.37] 0.0% 1.5%
Jackson 1997 2 7iE— 0.03 [0.01;0.11] 0.1% 1.8%
Blumentfeld 1998 1 20 m—— 0.05 [0.01; 0.28] 0.0% 1.5%
Haddy 1998 5 19 —=— 0.26 [0.11; 0.50] 0.1% 1.9%
Mertens 1998 71 109 i - 0.65 [0.56; 0.73] 0.9% 2.1%
Haddy 1998 18 67 - 0.27 [0.18;0.39] 0.5% 2.1%
Mertens 1998 154 161 Ve = 0.96 [0.91;0.98] 0.2% 2.0%
Arush 2000 8 20 . 0.40 [0.21;0.62] 0.2% 2.0%
Cicognani 2000 20 37 o —.— 0.54 [0.38; 0.69] 0.3% 2.1%
Franchi-Rezgui 2003 34 84 P 0.40 [0.31;0.51] 0.7% 2.1%
Dann 2005 1 13 &—— 0.08 [0.01;0.39] 0.0% 1.5%
Elis 2006 2 3% =— 0.06 [0.01; 0.20] 0.1% 1.7%
Steffens 2008 6 46 -m—— 0.13 [0.08; 0.26] 0.2% 2.0%
Steffens 2008 19 48 e 0.40 [0.27; 0.54] 0.4% 2.1%
Fong 2009 28 182 W 0.15 [0.11;0.21] 0.8% 2.1%
Kiserud 2009 90 294 = = 0.31 [0.26; 0.36] 2.2% 2.1%
Ridola 2009 34 159 - 0.21 [0.16; 0.28] 0.9% 2.1%
van Casteren 2009 78 244 i 0.32 [0.26; 0.38] 1.8% 2.1%
Smit 2010 7 52 W+ 0.13 [0.07; 0.26] 0.2% 2.0%
Van Waas 2011 3 20 —m—— 0.15 [0.05; 0.38] 0.1% 1.8%
Van Waas 2011 16 42 L 0.38 [0.25; 0.53] 0.3% 2.1%
Letourneau 2012 19 123 @+ 0.15 [0.10; 0.23] 0.6% 2.1%
Di Paola 2013 7 63 -B— 0.11 [0.05; 0.22] 0.2% 2.0%
Greaves 2013 85 294 - 0.29 [0.24; 0.34] 2.1% 2.1%
Di Bisceglie 2013 42 219 = 0.19 [0.14; 0.25] 1.2% 2.1%
Greaves 2013 167 395 E 0.42 [0.37; 0.47] 3.3% 2.1%
Naessen 2014 44 52 Vi — - 0.85 [0.72;0.92] 0.2% 2.0%
Bujan 2014 5 75 @ ! 0.07 [0.03; 0.15] 0.2% 2.0%
Shiraishi 2014 14 26 L —— 0.54 [0.35;0.72] 0.2% 2.0%
Akhtar 2015 33 89 L. 0.37 [0.28; 0.48] 0.7% 2.1%
Meissner 2015 8 3% —w— 0.22 [0.12; 0.39] 0.2% 2.0%
Servitzoglou 2015 72 171 R 0.42 [0.35; 0.50] 1.4% 2.1%
Gupta 2016 7 16 . 0.44 [0.22; 0.68] 0.1% 1.9%
Lasica 2016 8 25 SUIT " S 0.32 [0.17; 0.52] 0.2% 2.0%
Gini 2017 34 97 R 0.35 [0.26; 0.45] 0.8% 2.1%
Palinska-Rudzka 2019 16 66 - 0.24 [0.15; 0.36] 0.4% 2.1%
Decanter 2021 15 122 & 0.12 [0.08;0.19] 0.5% 2.1%
Dmitrieva 2021 7 39 —m— 0.18 [0.09; 0.33] 0.2% 2.0%
Pallotti 2021 6 78 m— . 0.08 [0.03; 0.16] 0.2% 2.0%
Kongkiatkamon 2022 6 21 —a— 0.29 [0.13;0.51] 0.1% 2.0%
Biryukova 2023 53 247 - 0.21 [0.17;0.27] 1.4% 2.1%
Entrop 2023 870 2090 . 0.42 [0.40; 0.44] 17.5% 2.1%
Flatt 2023 1160 21666 @ ! 0.05 [0.05;0.06]  37.9% 2.1%
Cattoni 2023 74 130 i . 0.57 [0.48; 0.65] 1.1% 2.1%
Entrop 2023 1220 2090 i 0.58 [0.56; 0.60] 17.5% 2.1%
Lopez Dacal 2023 24 94 --— 0.26 [0.18; 0.35] 0.6% 2.1%
Common effect model i 0.22 [0.21;0.22]  100.0% .
Random effects model — 0.27 [0.20; 0.37] 100.0%
Hateragenaity: I = 99%, ¥ = 2.2837, 77, = 5275.26 (p=0) | f 1 T 1
0 02 04 06 08 1
Prevalence of suspected infertility after all types of treatment
FIG. 1. Prevalence of suspected infertility after all types of treatment. Forest plot of proportions and 95% confidence

intervals (ClIs) for studies evaluating the prevalence of suspected infertility after all types of treatment. Blue squares for
each study indicate the proportion, the size of the boxes indicates the weight of the study, and the horizontal lines indi-
cate the 95% CI. The data in bold and pink diamonds represent the pooled prevalence for post-treatment infertility and
95% CI. Overall estimates are shown in the fixed- and random-effect models.

with pelvic/testicular radiation = BMT, with 57% highest in
men (95% CI: 0.21-0.86), compared with 43% women (95%
CI: 0.20-0.69). Fourth, the published data are very heteroge-
neous, either due to the variety of cancer therapies performed
or the differences in fertility evaluation methods. This makes
comparing studies difficult.

Assessing gonadal toxicity is crucial for implementing
fertility-protective measures in patients at high risk of
infertility.

In men, the strategy for fertility preservation is simple, as
sperm can be preserved easily and without any relevant time
expenditure.

The procedures in women are more complex. Ovarian
stimulation, which takes 2 weeks and oocyte cryopreserva-
tion, rather than ovarian tissue cryopreservation, is generally
advised in NHL, due to the risk of malignant cells in ovarian
tissue. However, in the case of NHL, the time available
before the start of chemotherapy or the patient’s health status
may make ovarian stimulation and oocyte freezing impracti-
cal. In these cases, ovarian tissue can be preserved in an
experimental setting. Nonetheless, there is a relevant risk of
contamination of the ovaries with lymphoma cells, particularly
in cases of high-grade NHL. For this reason, patients must be
informed before ovarian tissue freezing that transplantation of



META-ANALYSIS ON FERTILITY OUTCOMES IN SURVIVORS OF NHL

Study Events Total

Mdller 1993 3 11 i
Bokemeyer 1994 14 3% | —a—
Jackson 1997 2 71 m—
Blumenfeld 1998 1 20 -w——

Haddy 1998 5 19 +i—=—
Mertens 1998 71 109 Vo ——
Franchi-Rezgui 2003 34 8 I —m—
Dann 2005 1 13 +——

Elis 2006 2 36 -

Steffens 2008 6 46 B

Fong 2009 28 182 W

Van Waas 2011 3 20 —m——
Letourneau 2012 19 123 -

Di Paola 2013 7 63 -w—

Greaves 2013 85 294 -
Naessen 2014 44 52 i —
Akhtar 2015 as 89 D
Meissner 2015 8 3
Gupta 2016 7 16 | —a—
Lasica 2016 8 25 i
Gini 2017 34 97 L —a—
Palinska-Rudzka 2019 16 66 —@—
Decanter 2021 15 122 =&

Dmitrieva 2021 7 39 —&—
Kongkiatkamon 2022 6 21 ———
Biryukova 2023 53 247 -

Entrop 2023 870 2090 @ m
Flatt 2023 1160 21666 O : i

Common effect model - i

Random effects model ———

Heterogensity: F = 89%, ©* = 2.3703, 3%, = 278443 p=0) [ T T T T 1
0 02 04 06 08 1

Proportion 95%-Cl (common) (random)

0.27 [0.09; 0.59]
0.39 [0.25; 0.55]
0.03 [0.01;0.11]
0.05 [0.01; 0.28]
0.26 [0.11; 0.50]
0.65 [0.56; 0.73]
0.40 [0.31; 0.51]
0.08 [0.01; 0.39]
0.06 [0.01; 0.20]
0.13 [0.06; 0.26]
0.15 [0.11; 0.21]
0.15 [0.05; 0.38]
0.15 [0.10; 0.23]
0.1 [0.05; 0.22]
0.29 [0.24; 0.34]
0.85 [0.72; 0.92]
0.37 [0.28; 0.48]
0.22 [0.12; 0.39]
0.44 [0.22; 0.68]
0.32 [0.17; 0.52]
0.35 [0.26; 0.45]
0.24 [0.15; 0.36]
0.12 [0.08; 0.19]
0.18 [0.09; 0.33]
0.29 [0.13; 0.51]
0.21 [0.17;0.27]
0.42 [0.40; 0.44]
0.05 [0.05; 0.06]

0.13 [0.13; 0.14]
0.23 [0.14; 0.35]

Prevalence of suspected infertility in females after all types of treatment

Weight Weight
0.1% 3.3%
0.4% 3.7%
0.1% 3.2%
0.0% 2.7%
0.2% 3.5%
1.3% 3.8%
1.1% 3.8%
0.0% 2.7%
0.1% 3.2%
0.3% 3.6%
1.2% 3.8%
0.1% 3.3%
0.8% 3.8%
0.3% 3.6%
31% 3.9%
0.4% 3.7%
1.1% 3.8%
0.3% 3.6%
0.2% 3.5%
0.3% 3.6%
1.1% 3.8%
0.6% 3.7%
0.7% 3.8%
0.3% 3.6%
0.2% 3.5%
2.2% 3.8%

26.4% 3.9%
57.0% 3.9%
100.0% .
100.0%
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FIG. 2. Prevalence of suspected infertility in females after all types of treatment. For details, see legend of Figure 1.

the tissue cannot be guaranteed, as this is only possible if lym-  an individual case decision based on the kind of oncological

phoma cells can be excluded by immunhistochemical and treatment and the wishes of the patients and their parents.
GnRH analogs can be administered to women with NHL

molecular techniques prior to transplantation.

In the rare case of NHL in children and adolescents, the to prevent uterine bleeding. However, there is insufficient
decision for or against fertility-preservation measures is always data in NHL on its effect in protecting ovarian function.

Study Events Total

Miller 1993 3 19 —m—
Bokemeyer 1994 29 54 .
Radford 1994 1 14—
Haddy 1998 18 67 ——
Mertens 1998 154 161 P -
Arush 2000 8 20 ——
Cicognani 2000 20 37 —
Steffens 2008 19 48 ———
Kiserud 2009 90 294 -
Ridola 2009 34 159 - i |

van Casteren 2009 78 244 -

Smit 2010 7 52 -m—

Van Waas 2011 16 42 —

Di Bisceglie 2013 42 219 -

Greaves 2013 167 395 E 5

Bujan 2014 5 75 & P
Shiraishi 2014 14 26 ——
Servitzoglou 2015 72 11 —
Pallotti 2021 6 78 = P
Cattoni 2023 74 130 e
Entrop 2023 1220 2090 A |
Lopez Dacal 2023 24 94 ——

Common effect model . Loe
Random effects model =

Hetarogeneity: ¥ = 95%, ©* = 0.6418, %, = 455.74 {p < 0.01) J J 1 I 1

0 02 04 06 08 1

Proportion

0.16 [0.05; 0.39]
0.54 [0.40; 0.66]
0.07 [0.01;0.37]
0.27 [0.18; 0.39]
0.96 [0.91;0.98]
0.40 [0.21; 0.62]
0.54 [0.38; 0.69]
0.40 [0.27; 0.54]
0.31 [0.26; 0.36]
0.21 [0.16; 0.28]
0.32 [0.26; 0.38]
0.13 [0.07; 0.26]
0.38 [0.25; 0.53]
0.19 [0.14; 0.25]
0.42 [0.37; 0.47]
0.07 [0.03;0.15]
0.54 [0.35;0.72]
0.42 [0.35; 0.50]
0.08 [0.03;0.16]
0.57 [0.48; 0.65]
0.58 [0.56; 0.60]
0.26 [0.18; 0.35]

0.47 [0.46; 0.49]
0.35 [0.27; 0.44]

Prevalence of suspected infertility in males after all types of treatment

95%-Cl (common) (random)

Weight Weight
0.3% 3.3%
1.4% 4.8%
0.1% 2.0%
1.4% 4.8%
0.7% 4.3%
0.5% 4.0%
1.0% 4.6%
1.2% 4.7%
6.5% 5.2%
2.8% 5.0%
5.5% 5.2%
0.6% 4.2%
1.0% 4.6%
3.5% 5.1%

10.0% 5.2%
0.5% 4.0%
0.7% 4.3%
4.3% 5.1%
0.6% 4.2%
3.3% 5.1%

52.5% 5.3%
1.8% 4.9%

100.0% .

100.0%

FIG. 3. Prevalence of suspected infertility in males after all types of treatment. For details, see legend of Figure 1.



18 WUNDER ET AL.

Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Miiller 1993 2 4 —=— 0.50 [0.12; 0.88] 28%  16.2%
Jackson 1997 2 30 =-— i 0.07 [0.02; 0.23] 52%  21.4%
Mertens 1998 71 109 . 0.65 [0.56; 0.73] 68.4%  32.4%
Akhtar 2015 20 35 —a— 0.57 [0.41;0.72] 23.7%  30.0%
Common effect model | - 0.59 [0.51;0.66]  100.0% .
Random effects model ———— 0.43 [0.20; 0.69] 100.0%

Heterogeneity: £ = 84%, ¢ = 0,917, %% = 1870 (p < 0.01) | | |
0 0.2 04

06 08 1

Prevalence of suspected infertility in females after chemotherapy with pelvic radiation +/- BMT

FIG. 4. Prevalence of suspected infertility in females after bone marrow transplantation (BMT). For details, see

legend of Figure 1.

Add-back therapy involving low-dose estrogen and progestin
preparations should be considered to alleviate menopausal
symptoms, reduce bone mass loss, and prevent bleeding.

Although recovery from ovarian insufficiency has been
documented,®® the prevalence of POI following oncological
treatment is increased. A prospective study has shown that the
presence of regular menstrual cycles following cancer treat-
ment does not necessarily indicate normal fertility, and that
POI may still occur.?® The higher the age of the patient, the
higher the risk of POI, particularly in women >30 years.”%"!
The type of chemotherapy, the agents used, and the doses are
also relevant factors for the risk of developing POIL.

However, the risk of POI does not only increase after high-
dose gonadotoxic treatment. It was demonstrated in females
undergoing low-dose gonadotoxic regimens for hematologi-
cal malignancies that low-dose gonadotoxic therapies can
also exhibit impairment of ovarian reserve when evaluated a
few years after the end of therapy.>?

To evaluate ovarian reserve, anti-Mullerian hormone
(AMH) has been shown to be the most sensitive and practical
hormone parameter for detecting changes in ovarian reserve,
compared with FSH or inhibin B,3*72 even though pregnan-
cies have been reported in women with low AMH values
after cancer.3>73

While the risk of infertility following cancer treatment is
substantially increased, the use of cryopreserved gametes or
embryos after remission is surprisingly low. According to a
recent study, the utilization rate for embryos varied between
9% and 22.4%, for oocytes between 3.1% and 8.7%, for cry-
opreserved ovarian tissue between 6.9% and 30.3%, and for
cryopreserved sperm between 2.6% and 21.5%.7* Despite
these low utilization rates, it is crucial to counsel patients on
the option to undergo fertility preservation.

Another important issue concerning family planning after
gonadotoxic treatments is whether cancer therapies impose a
higher risk of birth defects in children born after cancer
therapies. Two studies of patients receiving lymphoma treat-
ment addressed this question and found no increase in malfor-
mations,?>7> even though sperm DNA damage was observed
after cytotoxic therapy.’® Although these results are reassur-
ing, the number of cases studied is low, and more follow-up
studies are needed.

One study indirectly addressed this issue in males by inves-
tigating the DNA fragmentation index (DFI) in NHL patients.
They found that sperm DNA integrity is compromised even
before oncological treatment and is damaged further after
treatment, particularly after radiotherapy.>” A high DFI index
is known to compromise fertility. However, it is still unclear
whether high DFIs could have a negative impact on the health
of newborns.”’ It is therefore important to address these
unknown risks and to consider, in assisted reproductive tech-
nology treatments, the use of sperm that has been cryopre-
served before cancer therapy.

A large, prospective, multicenter study of sperm parame-
ters in patients with NHL and Hodgkin lymphoma (HL) also
showed that sperm aneuploidy is higher in these patients, and
that sperm quality is lower even before oncological treat-
ment.%? The exact mechanism by which sperm chromosomes
are affected in patients with HL and NHL is unknown. An
interesting finding of this prospective study is that, 12 months
after treatment with ABVD = radiotherapy, aneuploidy rates
decreased and fell even below pre-treatment levels. This is in
contrast to other therapies, where aneuploidy rates remained
elevated for up to 2 years after treatment.®?

Another factor that could influence a woman’s decision to
become pregnant after gonadotoxic treatment is the increased
risk of prenatal and obstetrical complications such as premature

Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Radford 1994 1 13— 0.08 [0.01;0.39] 1.6% 16.7%
Mertens 1998 154 161 ' - 0.96 [0.91; 0.98] 11.8%  21.9%
Arush 2000 4 5 — 0.80 [0.31;0.97] 1.4% 16.0%
Di Bisceglie 2013 21 94 —— ¥ 0.22 [0.15;0.32] 28.8%  22.6%
Cattoni 2023 74 130 —-— 0.57 [0.48; 0.65] 56.3% 22.8%
Common effect model --- 0.54 [0.47; 0.60] 100.0% .
Random effects model e — 0.57 [0.21; 0.86] 100.0%

Hetarogeneily: F = 96%, * = 2.8324, = 97.85 (p < 0.01) | f f
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FIG. 5. Prevalence of suspected infertility in males after bone marrow transplantation (BMT). For details, see legend

of Figure 1.
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Study Events Total

Miiller 1993 3 1 —e.
Bokemeyer 1994 14 36 .
Jackson 1997 2 71e=
Blumenfeld 1998 1 20 =—

Haddy 1998 5 19 —m——
Franchi-Rezgui 2003 34 84 L.
Elis 2006 2 36 -=— |

Gupta 2016 7 16 i
Lasica 2016 8 25 ——
Palinska-Rudzka 2019 16 66 —8—
Decanter 2021 15 56 —_—
Common effect model 7 -
Random effects model ——

Weight Weight

Proportion 95%-Cl (common) (random)
0.27 [0.09; 0.59] 3.0% 6.8%
0.39 [0.25; 0.55] 11.9% 11.4%
0.03 [0.01;0.11] 2.7% 6.4%
0.05 [0.01;0.28] 1.3% 4.0%
0.26 [0.11;0.50] 5.1% B8.B%
0.40 [0.31;0.51] 28.1% 13.1%
0.06 [0.01;0.20] 2.6% 6.3%
0.44 [0.22; 0.68] 5.5% 9.0%
0.32 [0.17; 0.52] 7.6% 10.1%
0.24 [0.15;0.36] 16.9% 12.2%
0.27 [0.17; 0.40] 15.3% 12.0%
0.30 [0.25;0.35] 100.0% ;
0.24 [0.17; 0.34] 100.0%

Heterogenedty: F = 71%, 7 = 0.4010, 7, = 34.28 {p < 0.01) T T
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T 1
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Prevalence of suspected infertility in females after treatment with alkylating agents

FIG. 6. Prevalence of suspected infertility in females after treatment with alkylating agents. For details, see legend of

Figure 1.

delivery, which can lead to severe health issues for the new-
born. An increased risk of miscarriage, intrauterine growth
restriction, stillbirth, abnormal placentation, and uterine
rupture has also been reported, especially after total body
irradiation.”” 8!

The heterogeneity of data in our study required an extended
interpretation of the diagnosis “infertility.” In males, evaluation
of the sperm parameters (i.e., azoospermia, sperm aneuploidy
tests, fragmentation index) was performed after treatment in
eight studies, hormonal values (FSH, luteinizing hormone,
inhibin B) were assessed in 13 studies and in 6 studies, evalua-
tion of infertility was based on questionnaires/pregnancies of
the spouses. In females, the diagnosis of “infertility” was
defined based on the presence of oligomenorrhea/amenorrhea
in 15 studies, on the presence of elevated levels of FSH and/or
undetectable levels of AMH in two studies, on both in four
studies, on the presence of premature ovarian failure in women
in one study, and on questionnaires/pregnancies in eight stud-
ies. The use of different parameters allowed us to define sus-
pected but not definite infertility.

Although we strictly followed the recommendations to pro-
duce high-quality evidence summaries, there are some limita-
tions to our study: First, the heterogeneity of the included
studies, due to treatment variations and the diverse character-
istics of the study populations with wide age ranges, is high
in all groups: in males with all types of treatment, in females
with alkylating agents, and in females and males after chemo-
therapy with pelvic/testicular radiation £ BMT. This hampers
subgroup analyses that depend, for example, on pubertal sta-
tus and a more granular view on fertility counseling before an
oncological treatment. For this initial limitation, the heteroge-
neity of the included studies is at the same time also a very
important finding because it highlights this dilemma pre-
cisely. It serves as a basis for future studies and underscores
the urgent need for more prospective, large-scale studies to
obtain more specific data. The FertiTOX project (www
fertitox.com) aims to provide such specific data.!” A series
of systematic reviews has been published to provide data on
gonadal toxicity after different cancers and treatments.>3

A second limitation is that most of the included studies
were based on retrospective or registry data, lacking precise
information on treatment protocols and dosage of chemo-
therapy, as well as on radiotherapy doses and additional

therapy details. This precluded the possibility of performing
a subanalysis in order to assess the intensity of the therapy.
Third, the outcome parameters of the studies in males and
females were not homogeneous; some lacked reliable infor-
mation on proven infertility after gonadotoxic treatment.
Later, yet importantly, some of the studies assessed schemes
that are currently no longer used. This might overestimate
the prevalence of infertility.

In conclusion, the results of this review and meta-analysis
support the clinical need for fertility counseling and preservation
in women and men undergoing oncologic treatment for NHL.
However, due to the heterogeneity of previously published stud-
ies, there is an urgent need for further prospective studies that
specifically address the individual impact of the broad spectrum
of treatments for NHL and the new treatment agents.
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