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Abstract
Research question How is ovarian reserve affected by chemotherapy in patients with Hodgkin lymphoma (HL) who undergo
fertility preservation (FP)?
Methods A retrospective study was conducted by reviewing medical records of 105 HL patients referred to the FP unit before
starting adriamycin, bleomycin, vinblastine, and dacarbazine (ABVD) chemotherapy. Ovarian reserve was evaluated before
chemotherapy and at the last follow-up using anti-Müllerian hormone (AMH) and antral follicle count (AFC)measurements. The
decrease in AMH was compared with that expected from normograms. AMH was compared between patients who underwent
cryopreservation of ovarian tissue and those who underwent cryopreservation of mature oocytes.
Results After ABVD, 15% of patients required hematopoietic stem cell transplantation. At a median follow-up of 33 months, the
median decrease in AMH was 0.88 ng/mL, which was significantly greater than that of the general population of this age group
(p < 0.001). Of the 82 women who only had ABVD, 38 underwent FP by cryopreservation of mature oocytes and 44 underwent
cryopreservation of the ovarian cortex. There was no significant difference in AMH or AFC at the last follow-up between FP
techniques.
Conclusion Although ABVD is considered to be of low gonadotoxic risk, the decrease in AMH was greater than expected for
patients’ age, and 15% of patients needed more aggressive therapy during follow-up. Type of FP was not associated with decline
in ovarian reserve. Reproductive-aged women with HL should have the opportunity for FP counseling before starting treatment.
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FP Fertility preservation
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HSCT Hematopoietic stem cell transplant
POF Premature ovarian failure

Introduction

Hodgkin lymphoma (HL) is one of the most common malig-
nancies in young adults and has a high cure rate and long
survival time [1]. Because of the long survival, short- and
long-term side effects of treatment are an important issue,
and infertility is a major concern in HL patients. Previous
studies demonstrate that the type of treatment, particularly
the dose of alkylating agents, and age at diagnosis are the
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two main risk factors for infertility in reproductive-aged wom-
en diagnosed with HL [2, 3].

ABVD (adriamycin, bleomycin, vinblastine, and
dacarbazine) is the “gold standard” chemotherapy (CT) for
HL and is considered to be of low gonadotoxic risk [4].
Nonetheless, refractory disease and relapses require use of
more gonadotoxic chemotherapies. After first-line therapy,
15–20% of patients do not respond to treatment or relapse
[5, 6].

After chemotherapy, recovery of normal menstrual cycles
does not guarantee normal fertility and does not necessarily
correlate with normal ovarian reserve parameters. ABVD is
considered a low-risk gonadotoxic treatment, but its impact on
patients’ ovarian reserve is not empirically known. We aim to
provide data on the true impact of ABVD chemotherapy on
ovarian reserve measured by AMH levels during a follow-up
period after FP. This information will optimize reproductive
counseling for patients with HL, more accurately assessing the
impact of CT and fertility preservation techniques on ovarian
reserves. The current study evaluated ovarian reserve before
and after CT in a cohort of HL patients treated with ABVD
who underwent fertility preservation before chemotherapy.

Materials and methods

This retrospective study included HL patients referred to fertility
preservation counseling after diagnosis. The study received ap-
proval by the Institutional Review Board of our center. A total of
105 patients were included. The main inclusion criteria were the
diagnosis of HL, the treatment with ABVD, and the performance
of a single FP technique (double techniques were excluded).
Patients were referred from hospitals throughout Spain and were
granted free access to FP within the Valencian Fertility
Preservation Program. Exclusion criteria for funded FP were age
> 39 years old, age > 35 years old and AFC < 6 or AMH <
0.84 ng/mL, previous live birth, estimated low survival rate, and
absolute contraindication for pregnancy after treatment or due to
another medical condition. The FP technique was discussed be-
tween a hematologist and an infertility specialist. The choice of FP
type depended on maximum time from diagnosis to initiation of
curative-intent chemotherapy permitted by the hematologist.
Before any procedure, all patients signed an informed consent.
Cryopreservation of mature oocytes was the first-line technique if
the hematologist agreed to postpone initiation of CT for approx-
imately 2 weeks. FP cycles were performed with a gonadotropin-
releasing hormone (GnRH) antagonist-based protocol for con-
trolled ovarian hyperstimulation with a GnRH agonist trigger
(0.2 mg triptorelin) 36 h before oocyte retrieval.

Cryopreservation of ovarian tissue was chosen for patients
who required immediate treatment and for pre-menarchal pa-
tients. Ovarian cortex tissue was removed by laparoscopic
single hemi-oophorectomy of one of the ovaries unless

contraindicated by an anesthesiologist, in which case, a
mini-laparotomy was performed. Our standard protocol re-
serves complete oophorectomy only for patients in whom
the risk of premature ovarian failure (POF) after the treatment
is considered high due to gonadotoxic risk (i.e., use of
alkylating agents). After extraction, ovarian tissue was trans-
ferred to a sterile tube with M199 medium at 4 °C. Tissue was
immediately processed, and ovarian medulla was mechanical-
ly separated from the cortex by scraping with a curved scalpel.
This procedure was performed inside a sterile metal pan
placed over an ice plate to keep tissue and medium at 4 °C.
After removal of the ovarian medulla, cortex was fragmented
into 1 cm × 1 mm pieces and placed in a 20-mL tube with
sterile M199 medium, and the tube was sealed with paraffin
wax. A small piece of cortex (1 mm× 1 mm) and sample of
medulla were sent for pathological examination of malignan-
cy infiltration. Fragments were slow-frozen and stored at
Biobank. Vitrification of ovarian tissue preserves a larger
population of quiescent follicles than slow freezing after
transplantation, maintaining potential fertility [7].

All patients submitted to FP were followed up with clinical
evaluation and hormonal (follicle-stimulating hormone,
luteinizing hormone, estradiol, progesterone, AMH) and
AFC measurements at 6 months and 1 year after the end of
CT, and then every 2 years.

Serum AMH was measured from venous blood using a
repeated ELISA with a normal range of 1–8 ng/mL; values
of < 1 ng/mL were considered severely reduced ovarian re-
serve. AFC was assessed using a transvaginal probe during
early follicular phase (days 2–4 cycle) whenever possible.
However, due to time constraints, if the patient started ovarian
stimulation during luteal phase AFC before starting stimula-
tion was considered as basal. The presence of at least 6 folli-
cles was considered normal ovarian reserve.

Our main objective was to compare the decline of AMH
and AFC after CT in our cohort of patients with that of a
standard population of infertile patients using an AMH
normogram. We also compared the effect of FP technique
on AMH levels. Data processing was carried out using
STATA 14.1. Statistical analysis was performed using
Mann–Whitney U and χ2 tests. The Kolmogorov–Smirnov
test was used to test equality of the median decrease of
AMH in our sample with a reference median decrease.
Quantile regression was used to analyze the impact of FP
technique on AMH and AFC, adjusting for other variables.
p < 0.05 was considered statistically significant.

Results

Our study cohort included 105 HL patients who underwent
fertility preservation before starting CT (Fig. 1). We verified
that there was no association between disease stage and basal
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AMH (p = 0.47) or basal AFC (p = 0.53). At a median follow-
up of 33 months, final AMH and AFC were significantly
lower than basal AMH (r = 0.51; p < 0.001) and AFC (r =
0.41; p = 0.001) (see Tables 1 and 2).

We also analyzed AMH levels according to different age
categories and to FP technique. As shown in Table 3, AMH
levels decreased as female age increased as expected, but there
were no differences within each age category on AMH levels
even in patients receiving different FP techniques.

Because not all patients had the same follow-up period and
AMH decreases with time, we also grouped the patients ac-
cording to their follow-up period (Table 4). There were no
differences within each group depending on FP technique
received.

We compared the decrease of AMH (0.88 ng/mL) in our
sample with that reported in the literature. Normograms de-
scribe a median decrease in AMH of 0.25 ng/mL per year for
individuals 26–30 years old [8]. At a follow-up of 2.75 years,
the decrease in our sample (0.88 ng/mL) was significantly
higher than expected (0.69 ng/mL) (p < 0.001).

In our sample, all patients had ABVD as first-line CT. At a
median follow-up of 33 months after diagnosis, 14.3% (15/
105) of patients needed hematopoietic stem cell transplant
(HSCT) because of refractory disease or relapse (Fig. 1).
Patients who needed transplant (15/105) after ABVDhad low-
er final AMH (0.14 ng/mL) than patients who did not require
transplant (90/105; 1.5 ng/mL; p < 0.001).

To assess the impact of type of FP technique on ovarian
reserve, we analyzed patients who only received ABVD and

no other gonadotoxic treatments during follow-up (n = 82). Of
these patients, 38 underwent FP by cryopreservation ofmature
oocytes and 44 underwent cryopreservation of ovarian tissue
(Table 2). In our sample, women submitted to cryopreserva-
tion of ovarian tissue were significantly younger than those
submitted to cryopreservation of mature oocytes (22.6 versus
26 years; p = 0.04). We found no significant difference in
basal and final measurements of AMH or AFC by type of
FP technique (p > 0.05 for all comparisons).

We performed quantile regression to evaluate the associa-
tion of type of FP and median decrease of AMH and AFC
over the follow-up (Table 5). Adjusting for age and basal
AMH and AFC, we found no difference in decrease of
AMH and AFC by type of FP technique (p = 0.52; p = 0.38,
respectively).

Discussion

We present here the results of our study which add to the
existing literature a significant novelty regarding the knowl-
edge of the impact of ABVD treatment and FP technique (i.e.,
oocyte vitrification and ovarian cortex cryopreservation) on
ovarian reserve.

Relative to ovarian reserve, our results indicate that ABVD
has a significant impact on ovarian reserve, measured on our
sample of patients with HL undergoing FP, there was a greater
decrease in AMH levels after ABVD than expected based
solely on their age (0.88 ng/mL versus 0.69 ng/mL;

Fig. 1 The study cohort included
105 HL patients who underwent
fertility preservation before
starting CT
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p < 0.001). Furthermore, almost 15% of patients who initiated
ABVD, which is considered the gold standard for HL and to
have low gonadotoxicity, had to undergo HSCT, a muchmore
aggressive treatment causing premature ovarian failure in a
high proportion of patients [9]. As expected, the group of
patients who needed transplant after ABVD had lower final
AMH than patients who did not require transplant (0.14 ng/
mL versus 1.5 ng/mL; p < 0.001).

Although ABVD is considered to be of low gonadotoxic
risk, the greater than expected age-based decrease in AMH in

our sample may reflect negative impact of CT on ovarian
reserve or the impact of HL itself. The literature is controver-
sial on this matter.

Azem et al. evaluated patients for 6 months following CT
and verified that the ABVD protocol has minimal risk of
ovarian damage and diminished ovarian reserve [10]. The
main difference in our study is that we evaluated pre-CT
AMH, whereas Azem et al. did not provide this data. Other
studies have demonstrated that patients treated with low-
gonadotoxic therapies have similar ovarian reserves to age-

Table 1 Demographic
characteristics and evolution of
ovarian reserve markers in
patients with fertility preservation
before chemotherapy

Demographic characteristics and outcomes HL patients with FP before CT

Age at diagnosis (years) (median, IQR) 24.3 (19.7, 28.1)

Body mass index (kg/m2) (median, IQR) 21.5 (19.5, 24.5)

Stage (n (%))

I 6 (6)

II 30 (29)

III 14 (13)

IV 17 (16)

Unknown 38 (36)

Basal AMH (ng/mL) (median, IQR) 2.2 (1.1, 4.3)

Basal AFC (n (%)) (median, IQR) 18 (13, 24)

Follow-up (months) (median, IQR) 33.2 (15.1, 60.9)

Last AMH (ng/mL) (median, IQR) 1.22 (0.63, 2.52)

Last—basal AMH (ng/mL) (median, IQR) 0.88 (0.15, 2.59)

Last AFC (n (%)) (median, IQR) 10 (7, 16)

Last—basal AFC (n (%)) (median, IQR) 8.5 (3.5, 14)

HL, Hodgkin lymphoma; FP, fertility preservation; CT, chemotherapy; IQR, interquartile range; BMI, body mass
index; AMH, anti-Müllerian hormone; AFC, antral follicle count

Table 2 Demographic
characteristics and evolution of
ovarian reserve markers
according to fertility preservation
technique

Demographic characteristics
and outcomes

Cryopreservation of mature
oocytes (n = 38)

Cryopreservation of ovarian
tissue (n = 44)

p

Age at diagnosis (years)
(median, IQR)

22 (20.3, 29.1) 22.6 (18.8, 26.4) 0.04

Body mass index (kg/m2)
(median, IQR)

21.9 (20.2, 25.3) 21.1 (18.8, 25.3) 0.24

Stage (n (%)) 0.52
I 2 (5) 3 (7)

II 13 (34) 14 (32)

III 2 (5) 7 (16)

IV 7 (19) 6 (13)

Unknown 14 (37) 14 (32)

Basal AMH (ng/mL) (median,
IQR)

2.7 (1.5, 3.9) 2.2 (1.4, 4.4) 0.92

Basal AFC (n (%)) (median,
IQR)

17 (13, 24) 19 (14, 23) 0.93

Last AMH (ng/mL) (median,
IQR)

1.48 (0.95, 3.00) 1.33 (0.88, 2.52) 0.58

Last AFC (n (%)) (median,
IQR)

12.5 (7, 19) 10 (7, 15) 0.31

1758 J Assist Reprod Genet (2020) 37:1755–1761



matched controls when evaluated within a few years from the
end of therapy but clear impairment over a longer time [11]. A
secondary analysis of the RATHL trial [12] demonstrated that
recovery of ovarian function after treatment with ABVD is
dependent on age, with full recovery of anti-Müllerian hor-
mone seen in participants younger than 35 years, but not in
women aged 35 years or older. Our study shows a decline in
AMH levels even in younger patients, not confirming the
previous results published by Anderson et al. which could
have led us to the conclusion that ABVD chemotherapy was
almost harmless in patients < 35 years. Interestingly, a study
has shown that ovarian reserve is reduced in female patients
with HL even before starting CT, suggesting that the disease
could contribute to direct lesion of the ovary via cytokines or
other intermediators [13]. This reinforces the importance of
offering FP immediately after HL diagnosis.

With regard to the impact of the FP technique chosen,
theoretically, partial oophorectomy for cryopreservation of
ovarian tissue could have a negative effect on ovarian reserve.
Studies have demonstrated that laparoscopic ovarian
cystectomy contributes to a significant decline in serum
AMH levels [14, 15]. In our sample, we found no difference
in final AMH or AFC or in the level of decline of these pa-
rameters over follow-up according to type of FP technique
(see Table 4). To our knowledge, this is the first study to
compare impact on ovarian reserve between cryopreservation
of ovarian cortex and mature oocytes. The fact that cryopres-
ervation of ovarian cortex did not have an unfavorable impact
on ovarian reserve compared with cryopreservation of mature
oocytes could be due to the fact that a small sample of ovarian
tissue was removed by laparoscopy and, contrary to
cystectomy procedures, that may cause some trauma to adja-
cent ovarian tissue with loss of follicles on healthy ovarian
tissue; the procedure for cryopreservation of ovarian cortex
aims only to remove a small fragment of ovary with minimal

manipulation. Moreover, the tissue is removed with cold scis-
sors and electrocauterization is rarely used, as opposed to con-
ventional cystectomy. Another factor that could explain this
difference is the type of surgeon performing the procedure.
Ovarian cortex retrievals are performed by fertility specialists
who are extremely aware of the effects of ovarian surgery on
ovarian reserve, whereas cystectomies can be performed by
general gynecologists. The inclusion of two different FP tech-
niques in our study is an important addition to recent publica-
tions that bring cryopreservation of the ovarian cortex from an
experimental technique to a viable option for fertility preser-
vation [16, 17]. A pregnancy rate of ~ 30% has been described
after auto-transplantation of frozen-thawed ovarian cortex
[18]. Over the past 10 years, ovarian tissue has been cryopre-
served in female patients with hematologic malignancies, and
HL is one of the most frequent in this group [19].

The decision as to whether ABVD start can be delayed
to allow a window for FP belongs only to the hematolo-
gist. There is a paucity of studies to guide the timing of
chemotherapy to treat lymphoma [20]. Although some
literature suggests that for HL, time from histologic diag-
nosis to first ABVD treatment of > 4 weeks is not asso-
ciated with worse overall survival, worse disease-specific
survival, or lower progression-free survival, in clinical
practice, hematologists make every effort possible to ini-
tiate curative-intent chemotherapy as soon as the diagno-
sis is established, especially for advanced stage or com-
pressive bulky disease [21]. Clinical parameters and stag-
ing of the disease at diagnosis do not allow accurate risk
stratification since most reports of prognostic factors for
HL are retrospective analyses [22]. Since we cannot ef-
fectively predict which patients will need more
gonadotoxic regimens during follow-up after ABVD, it
is important to discuss FP options with all HL patients
before CT [23–25].

Table 3 AMH levels (ng/ml)
according to age group and FP
technique

Age group (N) Cryopreservation of ovarian cortex Cryopreservation of oocytes p value

< 20 (N = 21) 3.05 (2.06–4.48) 3.55 (2.66–6.25) 0.63

20–25 (N = 23) 2.24 (1.54–6.44) 1.83 (0.54–4.59) 0.38

26–30 (N = 25) 2.26 (1.55–3.71) 2.31 (1.3–3.5) 0.99

> 30 (N = 13) 1.12 (0.8–1.58) 2.9 (1.64–3.92) 0.03

Table 4 AMH levels (ng/ml)
measured at different follow-up
intervals and comparing both FP
techniques

Follow-up time (N) Cryopreservation of ovarian cortex Cryopreservation of oocytes p value

6 months (N = 52) 1.88 (0.98–3.95) 2.21 (0.35–4.08) 0.08

1 year (N = 40) 1.72 (0.60–2.94) 1.79 (0.10–2.66) 0.16

3 years (N = 28) 1.20 (0.20–3.50) 0.43 (0.01–2.10) 0.32

5 years (N = 14) 1.13 (0.17–2.97) 1.25 (0.08–2.59) 0.05
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With regard to achievement of pregnancy, a previous study
showed that female HL patients who survived without recur-
rence for at least 3 years and who had attempted pregnancy
after ABVD had a pregnancy rate similar to controls [11]. We
could not report data on reproductive outcomes for the pur-
poses of this study so we do not know whether this decrease
on AMH will translate into fewer pregnancies. We acknowl-
edge this as a limitation discussed below. However, the major
justification for FP is that we cannot predict which patients
will relapse and need more aggressive therapeutic strategies
after ABVD which will involve a very high POF risk.

The main strengths of this study include that we presented
and analyzed two different FP strategies, allowing us to com-
pare their impact on ovarian reserve and verifying that the
technique was not associated with a significant decrease of
ovarian reserve. This is an important addition to the literature
and can guide FP in HL requiring immediate onset of CT.
Furthermore, all patients analyzed had FP before CT and
had the same first-line CT scheme (ABVD). All evaluations
of basal AMH were performed before CT administration.

Nonetheless, we acknowledge some limitations of our
study. First, the retrospective nature of this study prevented
us from having complete and more detailed information about
patients, such as ABVD dosage or number of cycles. There
was also some missing data on the HL stage at diagnosis.
Second, to compare the decrease of AMH after CT, we used
an AMH normogram that was built based on the US popula-
tion referred to infertility centers because there was no vali-
dated normogram for our population. Finally, we were unable
to assess the reproductive impact of FP and CT because we
did not have enough data on pregnancy and live birth rates. It
is possible that the significant decline in ovarian reserve may
not translate into poorer clinical outcomes. However, this is
unlikely, especially because our patients are still young and
their ovarian reserves could only decrease over time, meaning
that they will reach suboptimal fertility earlier than other
women. Nevertheless, we plan to collect this data prospective-
ly for further study.

In conclusion, our results indicate that reproductive-aged
women diagnosed with HL should have an opportunity to
discuss the possibility of preserving their fertility before CT
initiation because (1) up to 20% of them will need more

aggressive therapies, not being able to predict which ones at
diagnosis and (2) ABVD appears to have a significant impact
on ovarian reserve, despite being considered low risk for
gonadotoxicity. Whether this has a real impact on fertility
outcomes needs to be elucidated with further well-designed
studies with longer follow-up.
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