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Abstract

Purpose Treatment of hematological malignancies carries the risk of lasting sterility. We aimed to identify fertility-related
unmet needs.

Methods The ‘Aftercare in Blood Cancer Survivors’ study is a cohort study of hematological patients who were in treatment-
free remission for > 3 years or stable under continuous oral medication. Female patients age 18—45 years and male patients
age 18-65 years without a history of pre-treatment infertility were asked to answer a structured questionnaire including
questions addressing fertility issues. Multivariable analyses were performed to detect risk factors.

Results Of 1562 study participants, 1031 met the inclusion criteria for the fertility sub-study. A high proportion of patients
(72.4%) received information about the risk of losing fertility, but only a minority (15%) took steps to preserve it. Female
and older patients were less likely to be informed. A post-treatment wish for parenthood was expressed by 19.3% of patients.
It was strongly associated with childlessness at time of diagnosis and could be fulfilled by 29.4%. Fulfillment of desired
parenthood increased with increasing time from diagnosis and was low after allogeneic transplantation.

Conclusions Female and older hematological patients are less likely to be informed about fertility-related issues than other
patients. With societal changes towards first parenthood at higher age, the proportion of patients desiring a child after treat-
ment is likely to increase. Fulfillment of desired parenthood remains challenging, especially after allogeneic transplantation.
Implications for cancer survivors In patients likely to express a wish for post-treatment parenthood, fertility-related issues
should routinely be addressed before gonadotoxic treatment is started.
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Introduction

Electronic supplementary material The online version of this Overall survival in patients with hematological malignancies
article (https://doi.org/10.1007/s10147-020-01639-4) contains has markedly improved. In some types of aggressive dis-
supplementary material, which is available to authorized users. ease, such as lymphoma, cure rates are high, and in indolent
malignancies, long-lasting remissions can be achieved [1].
Due to a growing number of long-term survivors, patient
care is increasingly being focused on the optimal manage-
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Lasting infertility is one of the most crucial side effects
of chemotherapy as it can sustainably affect a cancer survi-
vor’s concept of life. The majority of young cancer survi-
vors express a desire for a child [2-5], and fear of persisting
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post-treatment parenthood [7-9]. Moreover, the use of fertil-
ity preservation was shown to help patients cope with their
diagnosis of cancer [10]. However, fertility preservation is
often insufficiently discussed [4, 11, 12], and referral rates
to fertility institutes are low [4, 12—14]. On the part of the
treating oncologist, one of the main reasons accounting for
this situation is fear to lose time when treatment is urgent
[15—17]. Only a few studies focus on the patterns of fertility
preservation in hematological patients [13, 18].

The present report is a sub-study of the ‘Aftercare in
Blood Cancer Survivors’ (ABC) study which analyzed cur-
rent patterns of follow-up in patients with hematological
malignancies. The core study focused on medical events,
quality of life, and costs during follow-up, and the results
will be presented separately. Here, we report on receipt
of pre-treatment information about the risk of treatment-
induced infertility, use of fertility preservation as well
as wish and fulfillment of post-treatment parenthood, as
reported by the patients in the retrospective part of the ABC
study. We also identified patient- and disease-specific factors
associated with these issues.

Methods
Design

The ABC study is an observational cohort study designed
to analyze the current practice of follow-up care in patients
with hematological malignancies. It included patients and
their treating physicians and recorded events occurring dur-
ing follow-up from 2014 to 2017. In the retrospective part of
the study, patients reported on medical, psychological and
social aspects of treatment and follow-up using a 118-item
questionnaire. In the second part, medical events, quality of
life, and costs were recorded prospectively by involving the
physicians providing follow-up care. The fertility sub-study
was part of the retrospective investigation.

Patients’ > 18 years with a hematological malignancy or
premalignant hematological disorder presenting between
1998 and 2010 for evaluation, therapy or follow-up at the
West German Cancer Center in Essen, Germany were eli-
gible. Their disease had to be untreated or in treatment-free
remission for at least 3 years. Patients with stable myelo-
proliferative neoplasms under continuous medication were
also included. Questionnaires were sent out to the patients
between April and September 2014. With regard to fertil-
ity issues, we restricted our analysis to patients who under-
went cancer-specific treatment. Women >45 years and
men > 65 years as well as patients with a history of infertil-
ity at the time of diagnosis were excluded. The study was
approved by the Ethics Committee of the University of
Duisburg-Essen under reference no. 14-5692-BO.

@ Springer

Procedures

The participants were asked to answer a structured ques-
tionnaire developed by the investigators. It was subdivided
into sections addressing aspects of follow-up care, gen-
eral medical health issues, and psychosocial well-being. It
included eight questions with additional free text options
regarding the information received about the risk of
therapy-induced infertility, access to and use of fertility
preservation, desire and fulfillment of parenthood, need of
assisted reproduction techniques, and children born before
and after treatment. The questions regarding fertility are
listed in the Online Appendix. Information on sociodemo-
graphic background, cancer-specific procedures, parent-
hood at time of diagnosis or marital status was collected
using self-reports. Medical reports were used to check for
correctness.

Statistical analysis

Continuous variables are given as means and frequencies
as counts (%). The study included four separate analyses.
Being informed about the risk of infertility (1) entered
multiple logistic regression as endpoint, with patient char-
acteristics and diagnosis as independent parameters. Using
fertility preservation measures (2) was modeled similarly.
Logistic models were also calculated for the wish to have
children (3), and for the fulfilled wish (4). In models (3, 4)
the therapy received was also taken into account. Results
are given as odds ratios with 95% confidence intervals
(95% CI). In (1-3) calculations were performed with full
multiple adjustments. Due to the lower number of end-
points in (4), adjustments were made only within diagno-
ses and therapies.

Results
Patients’ characteristics

Based on information extracted from the medical files
of the West German Cancer Center, 2555 patients were
identified to be eligible to participate in the study. After
exclusion of recently relapsed or dead patients and patients
not responding to the letter or unwilling to participate,
1562 patients were enrolled (Fig. 1). After further exclu-
sion of patients beyond the selected age limits, with a his-
tory of infertility, or without treatment since diagnosis,
the cohort of the fertility sub-study encompassed a total
of 1031 patients (male 68.3%, female 31.7%). The vast
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Fig. 1 Flow chart of patients Inclusion criteria met
(n=2.555)
S Dead at time of survey
v - (n=69)
Alive at time of survey
(n=2.486)
> Relapse or second cancer
A (n=64)
No current cancer
(n=2.422)
No response or refusal to participate
> (n=860)
v
Responders
(n=1.562)
- Out of age range for fertility sub-study
i (n=467)
N
Family planning age
(n=1.095)
> History of infertility

y

(n=24)

infertility (n=1.071)

Participants at risk of treatment-related

y

No therapy since diagnosis
(n=40)

(n=1.031)

Participants eligible for final analysis

majority had received treatment between 1989 and 2010.
The median follow-up was 11.5 years (range 3.0-40.8).
Patients’ characteristics are detailed in Table 1.

Receipt of medical information about the risk
of infertility

Among all patients included in the fertility sub-study, 72.4%
(male 69.9%, female 77.6%) reported that the risk of infertil-
ity had been discussed before the start of treatment. The pro-
portion of patients thus informed declined significantly with
rising age (p <0.0001). In patients age 18-29 years, 83.6%
of male and 83.9% of female patients reported to have been
informed about the risk of infertility, while in patients age
30-44 years, the rate declined to 82.2% in male and 74.3%
in female patients. Only 53.2% of men age 45-65 years
received information about the risk of infertility.

Multivariable analysis was performed and revealed that
higher age (p <0.0001), earlier calendar year of diagnosis
(»<0.0001), and female sex (p=0.046) were associated
with a lack of information about the risk of therapy-related
infertility (Table 2).

Fertility preservation
Fertility preservation was used by 15.0% of patients (male

14.6%, female 16.0%). It was strongly correlated with age
(» <0.0001). In detail, 41.3% of patients younger than

30 years used fertility preservation (male 48.0%, female
33.3%). The proportion significantly decreased with ris-
ing age (p <0.001). Among patients age 30—44 years, only
11.2% underwent fertility preservation (male 14.7%, female
6.8%), while none of the men above 45 years underwent
cryopreservation of sperm.

On multivariable analysis, female sex (p =0.0007), age
(» <0.0001), calendar year of diagnosis (p <0.0001), and
completed family planning (p <0.0001) were associated with
less frequent use of fertility preservation. With regard to
the type of hematological malignancy, patients diagnosed
with aggressive non-Hodgkin or Hodgkin’s lymphoma
(»p=0.0017) or multiple myeloma (p =0.0031) underwent
fertility preservation more often than patients suffering from
acute leukemia (Table 2).

Desire for and fulfillment of parenthood
after treatment

At the time of diagnosis, the majority of patients (65.7%)
had already completed family planning. In patients below
45 years, this was true for 52.2% (male 50.3%, female
54.5%). A desire for a child after the end of treatment was
reported by 19.3% of patients (male 17.8%, female 22.3%).
Again, we found a strong association with age, as parent-
hood was desired by 51.2% of patients younger than 30 years
(male 57.8%, female 45.1%), but by only 13.9% of patients
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Table 1 Patients’ characteristics

Characteristic Male Female Total
n=704 (%) n=327 (%) n=1031 (%)
Age at diagnosis
Mean (years) 424 34.1 39.4
18-29 years 130 (18.5) 114 (34.9) 244 (23.7)
30-44 years 262 (37.2) 213 (65.1) 475 (46.1)
45-65 years 312 (44.3) - 312 (30.3)
Partnership at diagnosis
Yes 556 (79.0) 247 (75.5) 803 (77.9)
No 130 (18.5) 78 (23.9) 208 (20.2)
Missing information 18 (2.5) 2 (0.6) 20 (1.9)
Children at diagnosis
No 200 (28.4) 145 (44.3) 345 (33.5)
>1 child 483 (68.6) 172 (52.6) 655 (63.5)
Missing information 21 (3.0) 10 (3.1) 31 (3.0)
Year of diagnosis
<1989 23 (3.3) 12 (3.7) 35(3.4)
1989-2005 453 (64.4) 232 (71.0) 685 (66.4)
>2005 228 (32.4) 83 (25.4) 311 (30.2)
Diagnosis
MGUS 1(0.1) 0(0.0) 1(0.1)
Multiple myeloma 24 (3.4) 2 (0.6) 26 (2.5)
Indolent non-Hodgkin lymphoma 108 (15.3) 27 (8.3) 135 (13.0)
Myeloproliferative neoplasm 167 (23.7) 92 (28.1) 259 (25.1)
Myelodysplastic syndrome 19 (2.7) 1(0.3) 20 (1.9)
Aggressive non-Hodgkin or Hodgkin’s 246 (35.0) 116 (35.5) 362 (35.1)
lymphoma
Acute leukemia 139 (19.8) 89 (27.2) 228 (22.1)
Therapy?*
(Immuno)Chemotherapy 483 (68.6) 212 (64.8) 695 (67.4)
Autologous SCT 92 (13.1) 34 (10.4) 126 (12.2)
Allogeneic SCT 283 (40.2) 157 (48.0) 440 (42.7)
Others 36 (5.1) 12 (3.7) 48 (4.7)

MGUS monoclonal gammopathy of undetermined significance, SCT stem cell transplantation

“Numbers exceed 100% due to multiple therapy regimens

age 30-44 years (male 17.1%, female 10.0%), and 1.3% of
men age 45-65 years (p <0.0001).

Notably, patients that were childless at the time of diag-
nosis were more likely to express a desire for a child after
successful treatment (p =0.012) than patients that already
had a child, and patients who preserved fertility before the
start of treatment were also more likely to develop a wish
for post-treatment parenthood than patients forgoing fertility
preservation (p <0.0001; Table 3).

A wish for parenthood could be fulfilled by 29.4% of
patients desiring a child (male 31.1%, female 26.4%), in most
cases (78.5%) without medical assistance. Twenty-two men
who decided to preserve fertility fathered a child after the end
of treatment. Half of them (n=11) reported to have used their
stored sperm. The number of patients that fulfilled their desire
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for parenthood was too low for multivariable analysis. In uni-
variate analysis, fulfillment of desired parenthood was more
likely in patients that were already parents at the time of diag-
nosis (p=0.0015), and in patients with a long interval between
treatment and survey (p=0.013). Compared to patients treated
with chemotherapy only, patients undergoing allogeneic stem
cell transplantation were less likely to fulfill a desire for parent-
hood (p <0.0001).
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Table 2 Multivariable analyses

. . Not being informed about risk of ~ Use of fertility preservation
for pre-treatment discussion

; infertility
about therapy-related risk of
infertility and use of fertility Odds ratio 95% CI Odds ratio 95% CI
preservation
Female sex 1.46 1.01-2.13 0.44 0.27-0.71
Age® 1.52 1.37-1.69 0.59 0.50-0.70
Calendar year of diagnosis® 0.75 0.65-0.86 1.69 1.38-2.07
>1 child at time of diagnosis 0.94 0.62-1.41 1.17 0.67-2.06
Completed family planning 0.60 0.37-0.99 0.12 0.06-0.25
Disease
Acute leukemia (reference) 1.0 n.a 1.0 n.a
Multiple myeloma 2.76 1.10-6.91 9.57 1.88-48.75
Indolent non-Hodgkin lymphoma 2.34 1.39-3.97 2.73 0.99-7.49
Myeloproliferative neoplasm 1.27 0.79-2.03 1.62 0.80-3.29
Aggressive non-Hodgkin or Hodgkin’s 1.32 0.85-2.05 2.53 1.42-4.52
lymphoma

CI confidence interval, n.a. not applicable

“Per 5 years

Table 3 Multivariable analysis
for post-treatment wish for
parenthood and univariable
analysis for fulfillment of Odds ratio 95% CI Odds ratio 95% CI
desired parenthood

Wish for post-treatment parent-  Fulfillment of parenthood
hood

Female sex 0.69 0.45-1.05 0.82 0.42-1.62
Age® 0.60 0.52-0.69 0.92 0.72-1.18
Calendar year of diagnosis® 1.97 0.16-23.60 0.75 0.60-0.95
Time interval since last treatment® 2.12 0.18-25.66 1.34 1.06-1.69
Use of fertility preservation 2.84 1.75-4.61 1.12 0.58-2.16
> 1 child at time of diagnosis 0.54 0.33-0.88 3.1 1.54-6.22
Disease
Acute leukemia (reference) 1.0 n.a 1.0 n.a
Multiple myeloma 0.34 0.03-3.95 - -
Indolent non-Hodgkin lymphoma 0.61 0.22-1.70 5.13 1.06-24.87
Myeloproliferative neoplasm 0.87 0.48-1.58 0.62 0.17-2.25
Aggressive non-Hodgkin or Hodgkin’s ~ 0.83 0.40-1.72 4.39 1.83-10.58
lymphoma
Therapy
Chemotherapy/exclusive (reference) 1.0 n.a 1.0 n.a
Chemotherapy/combined 1.38 0.86-2.22 0.81 0.35-1.89
Autologous stem cell transplantation 1.53 0.77-3.05 1.52 0.564.17
Allogeneic stem cell transplantation 0.86 0.45-1.63 0.18 0.08-0.41
Other 1.07 0.59-1.93 0.84 0.32-2.20

CI confidence interval, n.a. not applicable

“Per 5 years

Discussion can be taken to preserve it.
In our study, 72.4% of patients reported to have been
Support for post-treatment parenthood should begin before informed about the risk of infertility. Compared to other
the start of cancer treatment. Patients must be informed  studies [13, 19] the rate of informed patients was high. The
about the risk of losing their fertility and the measures that ~ improvements observed over time are encouraging and sug-
gest rising awareness of hematologists for therapy-induced
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infertility. At least in part, this may be the result of guide-
lines published by expert associations, such as the European
Society of Medical Oncology and the American Society of
Clinical Oncology [20-23].

In contrast to other studies [13, 19], only a minority of
patients took steps to preserve fertility. Besides age, we
found gender-specific differences to the disadvantage of
women, relating both to the receipt of information about
the risk of therapy-related infertility and the use of fertility
preservation. This observation is in line with findings from
other studies [24-26].

Both health care professionals and patients are actively
involved in the decision-making process of using fertility
preservation. Health care professionals provide information
and offer options to preserve fertility, while the patients
decide whether they want to make use of the information
provided. An important issue not addressed in our study is
the question whether the costs were covered by the insur-
ance companies or the patients themselves. Reasons for low
rates of fertility preservation may, therefore, be oncologist-
related, patient-related or both.

Studies focusing on the behavior of health care profes-
sionals concerning fertility issues in cancer patients revealed
that oncologists preselect patients on the basis of disease-
and patient-specific factors. An urgent need for treatment
was one of the main reasons for neglecting fertility-related
discussions [15, 16], especially in women [17]. Hematologi-
cal malignancies often require immediate treatment. Thus,
fear of jeopardizing the result of therapy by delaying it in
favor of fertility preservation may be one explanation for
our findings. This may also explain the differences observed
between male and female patients. For men, cryopreserva-
tion of sperm is the method of choice, a procedure that is
widely available and can be accomplished within a few days.
In contrast, fertility preservation in women is more complex.
Cryopreservation of embryos or unfertilized oocytes are
favored procedures, while suppression of ovarian function
by gonadotropin-releasing hormone analogues has shown
conflicting results [21]. Harvesting oocytes, however, is a
time-consuming process, requiring weeks or months. Cryo-
preservation of ovarian tissue appears better suited, as it can
be done within a few days. In particular, women requiring
rapid induction of therapy may benefit from this proce-
dure. However, most hematological malignancies including
acute leukemia carry a risk of involving the ovaries [27, 28],
which limits the use of ovarian tissue cryopreservation in
those who most urgently need it.

Other reasons for not undergoing fertility preservation
include unavailability of fertility preservation services and
high costs of the procedure that may have to be covered by
the patients themselves [29, 30]. As discussed by others, not
being able to pay for fertility preservation may embarrass
patients, who then deny having been referred to a fertility
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institute. As a consequence, referral rates are reported to
have been lower than they actually were [13].

More than half of our patients reported to have completed
family planning by the time the hematological malignancy
was diagnosed. A desire for a child after the end of treatment
was expressed by only 19.3%. An association of a desire for
post-treatment parenthood with young age and childlessness
at the time of diagnosis has been noticed before [18, 31]. Not
surprisingly, patients who decided to preserve fertility were
more likely to express a desire for a child than patients not
using fertility preservation. Parental status did not affect the
choice to preserve fertility. This implies that patients who
are already parents at the time the hematological malignancy
is diagnosed refrain from planning to increase the size of
their family after completion of therapy. The results of sev-
eral studies are in line with this observation. While, at the
time of diagnosis, patients that already had a child expressed
a stronger desire for further parenthood than patients without
a child, the opposite was true after the end of treatment [19].
In Hodgkin’s lymphoma, patients that already had a child at
the time of diagnosis had lower post-treatment birth rates
than patients without a child [32].

Unexpectedly, the desire for a child could only be fulfilled
by 30% of the patients. Compared to previous studies [18,
32, 33], the rate found in our study is low. This is likely to
be related to the fact that 40% of our patients underwent
allogeneic stem cell transplantation, which is known to cause
lasting sterility in a high proportion of patients [34-36].
However, an unfulfilled desire for parenthood may not only
originate from therapy-induced infertility. Our observation
that pre- and post-treatment parenthood were positively
correlated, suggests that an unfulfilled desire for a child
may also be due to infertility unrelated to chemotherapy.
Moreover, childlessness can be caused by infertility of the
sexual partner, a possibility that was not investigated in the
present study. Importantly, the rate of fulfillment of parent-
hood increased with increasing time since treatment ter-
mination, suggesting that fertility can be regained. Several
studies reported that, depending on the gonadotoxicity of the
therapy applied and the patients’ age at the time of diagno-
sis, gonadal function may recover [37-40]. However, these
studies also revealed that women are at high risk of pre-
mature menopause, which may hamper family planning in
women receiving chemotherapy at higher age. In this group
of patients, pre-treatment information about the risk of infer-
tility and the available options for fertility preservation are
particularly important to enable post-treatment parenthood.

In conclusion, in the ABC study, a large proportion of
patients with hematological malignancies received ade-
quate information about the risk of losing fertility, but only
a minority decided to preserve it. Women were less likely
to be informed and undergo fertility preservation than men.
Moreover, childlessness at the time of diagnosis was strongly
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associated with a desire for post-treatment parenthood,
which, however, could only be fulfilled in 30% of cases.

Our observations may gain in importance because first
parenthood is increasingly being delayed to higher ages.
In the future, more patients are anticipated to express a
wish for parenthood after successful therapy of a hemato-
logical malignancy. Options to preserve fertility should be
considered in all patients and psychosocial support should
be offered not only during the time of treatment but also
beyond.
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