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Abstract Acute myeloid leukemia (AML) survival rates in
younger patients have improved considerably since the 1970s.
In order to evaluate the impact of AML and its treatment on
fertility and family situation in adult long-term survivors, we
used the Swedish population-based registries to identify 161
adult patients diagnosed with AML within the Leukemia
Group of Middle Sweden (LGMS) 1973–2003, who survived
for more than 5 years and were alive in 2010. Ninety-eight
patients (61 %) completed a questionnaire including items on
reproductive concerns, family situation, and infertility-related
distress. After excluding women >45 years and/or postmeno-
pausal women and men >55 years, 22 women and 38 men
were included in the final analysis. Nine of the women (41 %)
tried to conceive after treatment, but only three succeeded.
Five (83 %) of the unwillingly childless women reported “a
moderate” or “a lot” of distress caused by this. Among men in
the same age group, all six who wanted children after treat-
ment succeeded. None of the men 46–55 years old cryopre-
served their sperm or tried to father a child. Among patients
who wanted children after AML treatment, 46 % of the
women and 40 % of the younger men reported that they were
not, or not fully, informed about fertility-related issues. In

contrast, among men 46–55 years, none reported they would
have wanted more information. Infertility among young fe-
male AML survivors thus remains an important clinical issue,
and there is a need for improved clinical counseling and
education in this area.
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Introduction

The survival rates in acute myeloid leukemia (AML) are
increasing, especially among young patients, who are at risk
for potential long-term disease—and treatment-related side
effects such as impaired reproductive ability [1, 2]. About
7 % of the adult patients are diagnosed in their childbearing
age (18–44 years), corresponding to the fertile age in females
[1]. Approximately 55 % of AML patients diagnosed in this
age category are long-term survivors (surviving for more than
5 years after their diagnosis) [3].

The median age for women to give birth to their first
baby steadily increases in developed countries [4], creating
a larger proportion of young AML patients who have not
yet had the children they want before they are diagnosed
with AML and start chemotherapy. Little is known regard-
ing fertility-related concerns and consequences in long-
term adult AML survivors, as published reports mostly
focus on the crude fertility rates [5–7], while perceptions
of fertility issues have been investigated mainly in other
cancer forms such as breast cancer, gynecological cancers,
and lymphoma [8].

It has been established that chemotherapy, alkylating
agents in particular, and radiotherapy included in pre-
transplant conditioning before hematopoietic stem cell trans-
plantation (HSCT) are potent threats for both female and male
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gonadal function [9–14]. Several studies show an increas-
ing risk of infertility with intensified treatment, the highest
infertility rates seen in allografted patients, followed by
autografted patients and patients receiving chemotherapy
only [15, 16]. In order to preserve reproductive possibili-
ties, cryopreservation of sperm has been used for male
patients for more than 30 years [5]. It is far more compli-
cated to preserve female reproductive possibilities. The
acute nature of the disease does not allow for a postponed
start of chemotherapy in order to perform ovarian stimula-
tion and oocyte collection for immediate in vitro fertiliza-
tion (IVF) and embryo cryopreservation or, if the patient
does not have a partner, oocyte cryopreservation. Ovarian
tissue cryopreservation can, however, be performed with-
out an unacceptable delay in starting chemotherapy, and
more than 25 live births have so far been reported as the
result of this technique mainly in patients treated for breast
cancer and lymphoma [17–20]. Due to concern about re-
sidual disease in ovarian cortex biopsies from patients with
leukemia, auto-reimplantation has so far only been reported
in one leukemia patient (with CML), where the ovarian
tissue graft did not show any evidence of leukemic cells
when analyzed with highly sensitive RT-PCR [19]. It is also
worth noting that some centers have performed oocyte
collection for embryo banking between induction and con-
solidation chemotherapy in selected AML cases [21].

A recent Scandinavian study of childhood AML survi-
vors has shown fertility outcomes comparable to their
siblings, who were used as controls [22]. However, it is
known that the risk of treatment-related infertility increases
with age at time of treatment [12], and the literature on
posttreatment fecundity in adult leukemia is scarce. A
Norwegian population-based matched-control study on
young cancer survivors (16–45 years at diagnosis) has
shown a hazard ratio (HR), as compared to the control
group, of pregnancy after acute leukemia of 0.55 (95 %
confidence interval (CI) 0.38–0.80) for men and 0.37
(95 % CI 0.23–0.62) for women. Breast cancer, cervical
cancer, and acute leukemia had the lowest HR of pregnan-
cy of all cancer forms [5]. A recently published British
study on fertility outcomes after treatment for hematolog-
ical malignancies reported an OR of 2.23 of childlessness
after acute leukemia compared to after Hodgkin’s lympho-
ma [23]. While posttherapy fecundity in men has risen
considerably since the early 1980s, corresponding to the
advent of cryopreservation of sperm, the posttherapy fer-
tility in women remains unaltered [5].

The aim of this study was to assess the impact of AML and
its treatment on fertility in adult AML long-term survivors and
to what extent patients were affected by their infertility. Swed-
ish population-based registries were used to identify those
patients in their fertile years at the time of AML diagnosis
who survived 5 years or more.

Methods

All adult patients diagnosed with AML during 1973–2003
within the area of the Leukemia Group of Middle Sweden
(LGMS), including regions of Stockholm, Uppsala, and
Örebro, were identified through the Swedish Cancer Registry.
Patients who died within 5 years of AML diagnosis were
identified through the Cause of Death Registry and excluded.

Out of 311 patients identified as long-term survivors, 176
were still alive at study start inMay 2010. Seven patients were
excluded due to reasons described in Fig. 1. A letter was sent
to 169 patients explaining the objectives of the study and
asking them to participate. One hundred and sixty-one were
still alive and capable of participating by the time the ques-
tionnaires were received (Fig. 1). Patients who did not return
the enclosed response form were reminded by a phone call or
a letter. Once the patients had accepted to participate, they
were sent a questionnaire by mail. Ninety-eight patients
consented participation (response rate 61 %).

The current report focuses on fertility-related issues, and
therefore, all female patients >45 years of age (n=29) and
women who had already reached menopause at the time of
diagnosis (n=3) were excluded, leaving 22 women in the
study (response rate in this group 53 %). For men, we chose
the upper age limit used by the Swedish National Board of
Health and Welfare for male assisted fertilization, 55 years,
leaving 38men in the study (response rate in this group 62%).
We present the results separately for men ≤45 years (younger
age group) and men 46–55 years (older age group), enabling a
better comparison with the female patients.

Measurements and procedures

Data was collected by a self-reported questionnaire, validated
for studies of quality of life, sexual function, and fertility in
patients with other types of cancer [24–27]. Minor modifica-
tions were made to adapt it to the AML setting. The question-
naire included questions regarding age and family situation at
the time of diagnosis, treatment, and in-depth questions about
fertility including IVF and sperm cryopreservation. Several
questions addressed the desire to become a parent and to what
extent that had been altered after the disease and treatment.
Possible distress caused by infertility was assessed on a verbal
scale of intensity from “It does not distress me at all” and “It
distresses me a little” to “It distresses me moderately” and “it
distresses me a lot.” Psychological well-being and symptoms
such as anxiety or depression were assessed on a Likert-type
scale ranging from 1=never to 7=always, and means were
calculated for comparison. There was also an open-ended
question where patients were asked to describe the three worst
consequences of the disease and treatment. All information
about disease, treatment, and sociodemographics was
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obtained solely from the patients in order to safeguard their
anonymity.

The study was approved by the Regional Ethics Review
Board in Stockholm, Sweden, and written informed consent
was obtained from all patients.

Results

Demographic and clinical data are presented in Table 1. The
median age at diagnosis was 34 years for the female patients
and 38 years in the younger male group. The median obser-
vation time after diagnosis was 15 years in both groups.
Among patients ≤45 years old, there was a higher proportion
of the men treated with allogeneic HSCTcompared to women,
55% (n=12) and 27% (n=6), respectively. The samewas true
for autologous HSCT (men 23%, n=5 and women 9%, n=2).
As a consequence, more men than women were treated with
total body irradiation (Table 1). All of the allografted women
and eight (67 %) of the allografted younger men reported that
they had been or were still suffering from some degree of graft
versus host disease.

Fertility outcome

At the time of AML diagnosis, 16 (73 %) of the women, 17
(71 %) of men ≤45 years, and 12 (86 %) of men 46–55 years
old already had children. Four women (18 %) were pregnant
at the time of diagnosis. One woman gave birth to a healthy
girl shortly after diagnosis. The remaining three pregnancies

were in earlier stages at the time of diagnosis and ended in
miscarriages or abortions.

Thirteen women (59 %) reported that they did not want
children after the disease and therefore did not try to conceive
(Table 2). All women without children prior to AML diagno-
sis wished for children afterwards, whereas four out of seven
men without children did not wish for children. Among wom-
en and men with three or more children, there was no wish for
additional children after AML treatment.

After AML treatment, six women became pregnant
resulting in three live births (Fig. 2). Two women had miscar-
riages, and one probably had an abortion. Women with suc-
cessful pregnancies were all between 21 and 27 years old at
the time of diagnosis and had received chemotherapy only.
The pregnancies were all accomplished without any medical
assistance. Three women tried to conceive but did not become
pregnant. These three women were 22, 28, and 36 years old at
the time of diagnosis and were all treated with allogeneic
HSCT. One of them later adopted a child.

Among males ≤45 years at diagnosis, i.e., the younger
male group, six men (25 %) had their sperm cryopreserved
and two of them have fathered this way. Both of these men
were treated with chemotherapy only. Another young man
fathered a child from a pregnancy after medical assistance,
though without previous banking of sperm. He stated he
was infertile already before he was diagnosed with leuke-
mia and therefore chose not to have his sperm cryopre-
served. Three younger men fathered without medical assis-
tance, one who was treated with chemotherapy only and
two who also underwent autologous HSCT. None of the

Fig. 1 Flow chart of participant
inclusion
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men, regardless of age, reported they have tried to father
after their treatment without succeeding.

Two (11 %) of the women and two (9 %) of the younger
men reported they had become reluctant/dubious about
having children after their disease. An additional two
(11 %) women and two (9 %) younger men reported that
they did not any longer want to become parents after their
disease. One (7 %) man 46–55 years old (already the
father of three children) had an altered view on parenthood
after the disease and did not want any more children after
his disease.

Three (17 %) women and four (18 %) younger men report-
ed that their desire of parenthood was unaffected by the
disease and treatment.

Perceptions of information received about risk of infertility
related to AML treatment

Among the patients that wanted children after AML treatment
(here defined as not answering “not applicable/I haven’t
wished for/tried to conceive” on the question “Have you had
children after you were treated for AML?”), 6/13 women
(46 %) and 6/15 in the younger male group (40 %) reported
that they did not receive sufficient information about the risk
of infertility associated with the treatment (Table 2). Only
seven (35 %) of the women and nine (38 %) of the younger
men (≤45 years old) reported that they had received sufficient
information regarding fertility issues. None of the men 46–
55 years old would have wanted more information.

Six of the younger men (25 %) reported they were in-
formed about the risk of infertility and offered the possibility
of cryopreservation of semen but declined. Ten younger men
(42 %) reported they were never offered that possibility. None
of the men 46–55 years old had their sperm cryopreserved, ten
older men (71 %) reported they were not offered the possibil-
ity, and the rest declined.

Psychological well-being

Among patients who had attempted to have children and did
not succeed, none of the women reported they were psycho-
logically unaffected by this. Five out of six women reported
that they were “moderately” or “a lot” distressed by this and
one was “a little” distressed by her infertility. One man report-
ed sperm banking was not offered at the time of diagnosis. He
later insisted on having it done, after start of chemotherapy,
but he believed it was probably too late. Because he was never
in a relationship, he had never tried to use his cryopreserved
semen; however, he was “a little” distressed by his infertility.
One man, already the father of a child at the time of diagnosis,
tried for 7 years after the treatment before he finally succeeded
in fathering an additional child without medical assistance. He
reported he was “moderately” distressed by his infertility.
None of the men were “a lot” distressed by their infertility
(Table 2).

The psychological well-being and the acceptance of the life
situation, including family-related questions, were overall
good. Women who tried to have children after treatment
without succeeding (n=6) showed no clear signs of psycho-
logical impairment. They scored well-being and presence of
depression or anxiety slightly more favorable than the other
women in the study (well-being mean 5.6 compared to 5.4
where 7=excellent and 1=very poor, and depression as well

Table 1 Sociodemographic and clinical characteristics of participants

Women
(n=22)

Men ≤45
(n=24)

Men 46–55
(n=14)

N (%) N (%) N (%)

Marital status at time of study

Married/cohabitant 18 (82) 18 (75) 11 (79)

In a relationship 2 (9) 3 (12.5) 1 (7)

Living alone 1 (4.5) 3 (12.5) 2 (14)

Widow/widower 1 (4.5) 0 0

Employment status

Employed 15 (68) 20 (83) 5 (36)

Retired 3 (14) 1 (4) 6 (43)

Unemployed 1 (4.5) 0 0

Disability pension 3 (14) 3 (12.5) 3 (21)

Age at diagnosis

Mean 34.5 35.6 50.1

Median 34 38 50

Range 21–45 20–45 46–54

Time after treatment, years

Mean 15 15 13.9

Median 13 14 14

Range 6–28 7–25 10–21

Type of treatment

Chemotherapy and allogenic HSCT 6 (27) 12 (54.5) 3 (21)

Chemotherapy and
autologous HSCT

2 (9) 5 (23) 7 (50)

Chemotherapy only 13 (59) 5 (23) 4 (29)

Does not know 1 (4.5) 0 0

Total body irradiation

Not applicable, not transplanted 14 (67) 5 (22) 4 (29)

No 2 (9.5) 11 (48) 6 (43)

Yes 5 (24) 7 (30) 3 (21)

Does not know 0 0 1 (7)

Presence of GVH

Not applicable, not transplanted 14 (67) 5 (22) 4 (31)

No 1 (5) 8 (35) 5 (38)

Yes 6 (29) 8 (35) 2 (15)

Does not know 0 2 (9) 2 (15)
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as anxiety 2.0 compared to 2.75 where 7=all the time and 1=
never). However, a larger proportion of the women who tried
to have children after treatment without succeeding stated they
felt less attractive after the treatment (60 % versus 32 % of all
women). Also, half of the women who had tried to have
children after treatment without succeeding reported in the
open-ended question asking for the three worst consequences
of their disease that infertility was the single worst complica-
tion of their entire AML treatment. In addition, one woman
who was pregnant at the time of diagnosis and gave birth to a
healthy girl shortly thereafter reported that not being able to be

a good mother was the worst part of the leukemia treatment
period. None of the men reported that infertility was among
the worst consequences of their disease and treatment.

Discussion

In this population-based study, we investigated fertility and
psychological effects of impaired fertility among 60 long-term
AML survivors in fertile age, belonging to a cohort constitut-
ing approximately 40 % of the AML long-term survivors in

Table 2 Fertility before and after AML treatment

Women, (n=22) Men ≤45 (n=24) Men 46–55 (n=14)
N (%) N (%) N (%)

Been pregnant after AML treatment

Not applicable, did not wish/try to conceive 6 (27)

Yes 6 (27)

No 10 (45)

Sperm banking performed at time of diagnosis

Not applicable, was already infertile 2 (8) 1 (7)

No, was not offered that possibility 10 (42) 10 (71)

No, was offered but declined 6 (25) 3 (21)

Yes, sperm banking was performed, but have not used the cryopreserved sperm 4 (17) 0

Yes, sperm banking was performed and have used the cryopreserved sperm 2 (8) 0

Children after AML treatment

Not applicable, did not wish/try to conceive 13 (59) 18 (75) 14 (100)

No, but have tried 2 (9) 0 0

No, I/my partner have/has been pregnant but had a miscarriage/abortion 3 (14) 0 0

Yes, I have given birth/fathered without assisted reproductive therapy 3 (14) 3 (12.5) 0

Yes, I have given birth/fathered with assisted reproductive therapy or
partners hormonal therapy

0 3 (12.5) 0

Yes, I have adopted 1 (5) 0 0

If you desired children after treatment and did not succeed, how does this affect you?

Not applicable, I could not/did not wish to have children already before treatment 14 (70) 17 (77) 14 (100)

It does not distress me at all 0 3 (14) 0

It distresses me a little 1 (5) 1 (4.5) 0

It distresses me moderately 3 (15) 1 (4.5) 0

It distresses me a lot 2 (10) 0 0

If you desired children before you had AML, has this desire been affected by your disease and its treatment?

Not applicable, I could not/did not wish to have children already before treatment 11 (61) 14 (64) 13 (93)

Not at all, I still desire children 3 (17) 4 (18) 0

Yes, I have become reluctant to having children 2 (11) 2 (9) 0

Yes, I do no longer desire children 2 (11) 2 (9) 1 (7)

Has fertility issues been discussed sufficiently during your treatment?

Not applicable, I could not/did not wish to have children already before treatment 7 (35) 9 (37.5) 9 (64)

No, this has not been discussed at all 3 (15) 3 (12.5) 2 (14)

No, I have had some information, but not sufficient 3 (15) 3 (12.5) 0

Yes, I have received sufficient information 6 (30) 9 (37.5) 3 (21)

I have had too much information 1 (5) 0 0
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Sweden. We found that fertility is an important aspect for
many AML survivors, especially among female patients
where a number of them considered the therapy-related infer-
tility to be the worst of all consequences of the AML disease
and its treatment. Similar results have been published earlier
for broader groups of cancer patients or hematological malig-
nancies but not focusing on AML.

Despite a median age of 34 years at the time of AML
diagnosis of the women in this study, 41 % had tried to
conceive after AML treatment, but only a minority succeeded
in giving birth to a child. None of the women treated with
HSCT succeeded in conceiving, which is consistent with
earlier data showing extremely low pregnancy rates after
HSCT [28, 29]. When asked about what degree of distress
their treatment-related infertility had caused them, a majority
of the women who wanted children reported that it caused
them “moderate” or “a lot” of distress; half of them even
considered this as the worst of all disease consequences.
However, there was no evidence of increased levels of anxiety
or depression among women who were childless at diagnosis
and who tried to conceive without succeeding, despite the fact
that many of them reported that they were distressed by not
having children.

The use of sperm cryopreservation among young men was
consistent with earlier studies [30, 23]. Although our material
is too small to make valid comparisons, a slightly higher
proportion later used their cryopreserved sperm and fathered
this way [31, 23]. In fact, all men in this study who tried to
father after AML treatment succeeded. Thus, in contrast to the
women, the younger men did not report pronounced distress

related to infertility. Men between 46–55 years of age at the
time of their AML diagnosis were not concerned with infer-
tility. None of them had their sperm cryopreserved, and none
of them tried to father after their treatment.

Factors other than infertility caused by chemotherapy and
HSCTmay contribute to the low fecundity in long-term AML
survivors. Half of the women and younger men who wanted
children before they were diagnosed with AML reported
doubts about having children or did not want children at all
after AML treatment. The reasons for this change in attitude
were not covered by the questionnaire questions, but one
could speculate that the considerable risk of relapse and
worries about having children that would later loose a parent
might contribute. The risk of relapse is regarded as very low
after 5 years in complete remission, but by then, the chance of
having a child may be smaller, especially for women, who
have a high risk of premature ovarian failure. Fear of possible
hereditary traits of leukemia [32] might be another reason
survivors doubt having children after their treatment.

In contrast to our results, in a study of long-term female
cancer survivors (not including AML patients), 68 % of
women reported that the experience of cancer did not influ-
ence the desire for a child, 15 % reported an increased, and
17 % reported a decreased desire to have children [8]. Inter-
estingly, in our study, all women without children prior to
AML diagnosis wished for children afterwards, while only
three out of seven men without children had the same wish.
An additional finding is that 18 % of the women in this study
were pregnant at the time of diagnosis. Although based on a
small material, it further underlines the many aspects of

Fig. 2 Flow chart of fertility
outcomes
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fertility and parenthood that we face in AML treatment in
fertile women.

In our study, only 35 % of the women and 38 % of the
younger men reported that they had received sufficient
information regarding fertility issues. There is evidence that
receiving specialized counseling about reproductive loss
and pursuing fertility preservation is associated with less
regret and greater quality of life for survivors [33] even if
no procedure to preserve fertility is currently possible due
to the nature of the disease. Also, reimplantation of ovarian
biopsies might be a possibility in the near future for youn-
ger women, as this technique evolves. Lack of information
has been reported in other studies of cancer survivors [33,
34]. However, a recent Swedish study showed that leuke-
mia patients were more likely to receive fertility counseling
than, for example, breast cancer patients, probably as a
result of their younger age [35].

A strength of our study is the population-based design
which enables identification of all AML long-term survivors
of fertile age within the selected regions. Thus, all patients
fulfilling the inclusion criteria were asked to participate to
reduce potential problems of selection. In addition, we used
an anonymous questionnaire that was answered at home. This
method probably results in fewer investigator-derived errors
than, for example, a personal interview or an identifiable
questionnaire [36, 37]. Indeed, the response rates in this study
were 53 % for women and 62 % for men despite the extensive
questionnaire also including questions regarding sexual prob-
lems (data to be published).

The main drawback of our study is the limited number of
included patients in fertile age due to the high median age at
AML diagnosis. A response bias related to negative or posi-
tive perceptions regarding the disease and its treatment cannot
be excluded. In addition, some patients were diagnosed with
AML a long time ago, and there may be an issue of recall bias
especially concerning information given.

This is, to our knowledge, the first study describing the
degree of distress infertility may cause AML survivors and to
what extent AML and its treatment may alter the desire to
become a parent. Also, the different perceptions of fertility in
male AML patients of different age groups had not been
described before. Since different cancer forms differ regarding
disease presentation, it is of value to evaluate the leukemia-
related aspects separately, as results from solid tumors are not
always transferrable.

In our study, the fertility-related information given to AML
patients in reproductive age was often perceived as insuffi-
cient. Young female AML survivors who did not succeed in
having the children they wanted experienced considerable
distress related to their infertility. Our study underlines the
importance of fertility-related outcomes in AML patients and,
as new methods of fertility preservation for leukemia patients
are being developed especially for women, the great need for

adequate information and counseling regarding fertility im-
pairment and fertility preservation.
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