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Introduction: Classical Hodgkin Lymphoma (HL) is a lymphoproliferative disease

typically diagnosed in the young. The excellent results obtained with current

treatment lead to long survival with age-related complications affecting patients’

survival and quality of life. One issue affecting HL patients is infertility. This

problem can be easily overcome in males with seminal liquid cryopreservation,

however, in females it is more complex either in terms of the quality of the

cryopreserved material or the patients’ age at diagnosis. Moreover, not all

chemo- or radio-therapies have the same negative impact on fertility.The

main objectives of this study was to collect epidemiological information on HL

patients involved in fertility preservation counseling and to analyze the impact of

ABVD (adriamycin, bleomycin, vinblastine, and dacarbazine), the standard

treatment for HL, on ovarian function, hormonal levels and ovarian and

uterine tissue morphologies. Patterns of fertility preservation were also reported.

Methods: Data were obtained from 270 female patients at HL onset who were

interested in fertility counseling prior to therapy initiation. Each patient was

assessed at HL diagnosis for levels of Anti-Mullerian Hormone (AMH), Follicle

Stimulating Hormone (FSH), and 17b-oestradiol (17b-oe), with additional

assessments at 6 and 12 months after chemotherapy. Patients were evaluated

with ultrasound scans to study the number of ovarian follicles and the degree of

uterine thickness at the same timepoints.
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Results: The average patient AMH level showed a statistically significant

reduction at 6 months after chemotherapy (p=0.05) and by the 12 month time

point returned to near pre-chemotherapy values. FSH and 17b-oe levels did not

significantly vary throughout the study period. ABVD chemotherapy was

associated with a significant reduction of both ovarian follicles and

endometrial thickness at the 6 month time point followed by a recovery at the

12 time point in both ovaries. Different results were observed when patients

changed treatment to a more intensive one.

Discussion: Based on the results from the hormonal measurements and the

follicle echography, it appears that the toxic effect of ABVD on fertility is transient,

whereas, in contrast, more intensive therapies may potentially be more harmful

and long-lasting.
KEYWORDS

fertility preservation, Hodgkin’s lymphoma, ovarian failure, Anti-Mullerian hormone,
early menopause
1 Introduction

Classical Hodgkin ’s Lymphoma (HL) is a common

lymphoproliferative disease in young adults. HL has a very good

prognosis with chemotherapy and radiotherapy treatments resulting

in a high cure rate and long-term survival expectancy. Long-term

survival after treatment, however, reveals issues affecting quality of life;

one of these is infertility, a major concern in HL patients. In male

patients, this problem is avoided with seminal liquid cryopreservation

before starting therapy. In female patients, 60% of whom may face

infertility due to premature ovarian failure (1), this problem is more

complex in terms of the material of cryopreservation or the patient’s

age at diagnosis. Many medical articles and studies demonstrate that

the type of chemotherapy (alkylating agents in particular) and age at

diagnosis are the two pre-eminent risk factors for infertility in

reproductive-age woman. Consequently, impacts on reproductive

function must be part of the toxicity assessment that both female

and male HL patients have to face. Research has confirmed fertility

impairment after treatment; women who have undergone therapy are

less likely to become pregnant. Information on managing fertility and

pregnancy issues is frequently requested by patients and is crucial in

their decision-making process (2).

The current “gold standard” treatment in HL is ABVD,

theoretically considered to have a low gonadotropic risk (3, 4).

For this reason, many young patients diagnosed with HL are not

offered oncofertility counseling. Unfortunately, about 15-20% of

patients do not respond to first-line therapy (refractory) or relapse

and are in need of salvage therapies that are usually more intensive

and toxic on the gonads (5). Moreover, some patients develop

secondary malignancies, in particular breast cancer (6). No clinical

characteristics are observed at diagnosis to identify patients who

will not respond or relapse after therapy; FDG-PET has proven

useful in identifying negative chemotherapy consequences but only

after two ABVD cycles. In clinical practice patients start with ABVD
02
and shift to more intensified therapy with BEACOPP (bleomycin,

etoposide, adriamycin, cyclophosphamide, oncovin, procarbazine

and prednisone) or autologous stem cell transplantation (ASCT) if

interim PET (performed after 2 cycles of ABVD) is positive (7–9).

Given these issues, several strategies are currently available for

fertility preservation, including ovarian suppression using

Gonadotropin-Releasing Hormone agonists (GnRHa) and

cryopreservation of oocytes and ovarian tissue (10–14).

The use of GnRHa during chemotherapy (CT) is an attractive

option to preserve both ovarian function and fertility, with the

advantage of avoiding delays in starting anticancer therapies (6).

Compelling evidence supports the benefit yielded by GnRHa

administration in cancer patients in terms of reduced risk of CT-

induced Premature Ovarian Failure (POF) and increased pregnancy

rate with no negative impact on prognosis (15–18). Despite the efficacy

of this option in some cancer types, the use of GnRHa remains

controversial (19). The Italian Association of Medical Oncology

(AIOM) has issued a strong positive recommendation to adopt the

use of GnRHa for both ovarian function and FP in cancer patients (20).

Oocyte cryopreservation is now considered a standard option

(21, 22). However, it requires controlled ovarian stimulation (COS),

that may possibly delay CT start and affect the prognosis of patients

with hormone-responsive tumors. To overcome this problem,

alternative approaches have been developed, either to avoid COS

by cryopreservation of immature oocytes or oocytes matured in vitro

or to start it at any time using a random start protocol requiring at

least two 2 weeks of treatment (23). Ovarian tissue cryopreservation

has also been proven to be effective for ovarian function recovery, and

since 2019 is no longer been considered experimental (24).

Most importantly, tissue cryopreservation may be performed at

any time during the menstrual cycle and is currently the only option

available for prepubescent females. Currently, in vitro maturation

techniques are being investigated to prevent the risk of malignant

cell reimplantation associated with tissue cryopreservation (25).
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It is highly advisable to suggest fertility preservation options

before starting chemotherapy in both women and men if clinical

conditions allows it because it is not possible to pre-identify patients

who will not respond to standard ABVD and who will require more

intensive treatment (8, 9, 26, 27). The ability to recover normal

menstrual cycles at the end of treatment does not correlate with

fertility. This is very important because there are no current

techniques or tests to predict irreversible gonadal damage.

Premature ovarian insufficiency is very low in patients treated with

ABVD: in fact, this cycle is considered to have a low impact gonadal

toxicity. There are very few reports, however, on the impact of ABVD

on patients’ ovarian reserve. Furthermore, there is a paucity of data on

hormonal measurements or Antral Follicolar Count (AFC) ultrasound

scans to estimate ovarian reserve and other parameters associated with

an increased risk of infertility. This retrospective study provides data on

ovarian reserve, measuring the levels of three hormones, Anti-

Mullerian Hormone (AMH), Follicle Stimulating Hormone (FSH),

and 17b-oe at diagnosis and during follow-up. We also studied ovarian

function by determining the median number of antral follicles and

uterine thickening using ultrasound. These evaluations were

simultaneously assessed prior to any preservation techniques.

Several studies suggest AMH may be a useful tool to evaluate

female reproductive function (28, 29). AMH regulates folliculogenesis

and serves as a reliable biomarker for the relative size of ovarian reserve

(30). Monitoring AMH levels provides precise and impartial evaluation

of the ovarian reserve at early stages and these data allow for informed

decisions and risk adapted strategies which include fertility

preservation. AMH information can also be used to assess ovarian

depletion after chemotherapy or endocrine therapy in cancer survivors.

AMH levels are, therefore, important information for oncologists

whose patients are facing pre-menopause due to cancer treatment.
2 Patients and methods

Patients in this study were directed to the Gemme Dormienti

Association, a member of the Oncofertility Consortium which counsels

women with cancer or other diseases that jeopardize fertility about the

fertility preservation procedures. Counselling outpatient services, offered by

a multi-disciplinary team of medical experts in collaboration with the

Association, supplied timely knowledge and awareness to complement

treatment and prevent regrets. Patients also received free integrated care

including fertility preservation options, ultrasound service and

psychological counselling. While fertility preservation is recognized as

crucial, providing detailed information and raising awareness on

preservation options are not always adopted or deemed important.

Records of patients with a diagnosis of classical HL were obtained

from the Gemme Dormienti Association database (26). After a detailed

visit and briefing, patients signed an informed consent andwere inserted in

the database. All patients from January 2013 to June 2020 were included in

our analyses. Exclusion criteria for the study were the following: age >40

years old, signs of early ovarian exhaustion, concomitant systemic illnesses,

previous chemo- or radiotherapy, the use of birth control pills or other

hormonal therapy, or having received pelvic radiotherapy.

Hormonal measurements were performed at HL diagnosis to

provide a baseline, and at specific timepoints during follow-up.
Frontiers in Oncology 03
Patients were monitored according to the type of treatment used:

response to therapy, type and length of chemotherapy, and disease

evolution. Each woman was evaluated for fertility preservation

including assessments of serum AMH, FSH, and 17b-oe levels, at

least one ultrasound scan and other tests deemed useful.

Serum AMH levels were determined using an ultrasensitive

ELISA. Serum FSH and serum 17b-oe levels were measured by

immunoenzymatic method ADVIA Centaur (Siemens Medical

Solutions, Tarrytown, NY, USA). All hormonal evaluations were

performed at three different time points: 0 (baseline), 6 and 12

months, the latter after the end of chemotherapy. Baseline values

were obtained regardless of the phase of menstrual cycle, because

therapy initiation is highly advisable as soon as possible after HL

diagnosis. The 6 and 12 month hormonal measurements were

obtained in consideration of the menstrual cycle, if present.

Whenever possible, all assessments – hormonal levels,

determination of number of ovarian follicles using ultrasound

scans, and uterine thickness – were taken at the same time in the

same menstrual cycle, usually in the early postmenstrual phase.

Ultrasound scans were performed using a transvaginal probe

(Toshiba Aplio 200 until 2015 and then Aplio 500) by a single

operator who was not apprised about the results of the hormonal

assays. The ultrasound scans assessed the number of antral follicles

(all follicles measuring 2-10 mm in mean diameter were counted)

and the thickness of the uterus. During the baseline measurements,

patients were also evaluated for previous pregnancies or abortions.

After treatment they were followed for fertility evaluation, and

natural pregnancies, in vitro fertilizations and abortions were

recorded and entered into the database.
2.1 Statistical analysis

Patient data were summarized by means of frequency (n) and

percentage (%) for categorical variables and by median (± SD) for

continuous variables. Boxplots were used to graphically illustrate

AMH, FSH, 17b-oe, AFCr, AFCl and EM values during baseline

and follow‐up examinations. Differences among groups were

evaluated in univariate analysis by means of non-parametric tests

(chi‐squared test for categorical variables, Mann–Whitney and

Kruskal–Wallis test for continuous variables, and repeated

measures ANOVA for the hormone or echography outcome

comparisons which take into account multiple time points).

To standardize menstrual cycles, the duration of each phase

within the cycle was fixed. Each phase length was set as follows:

menstrual (days 1–5), follicular (days 6–12), ovulatory (days 13–

16), luteal (days 17-premenstrual phase). Each variable was

expressed as the median per phase. Data obtained in this manner

were analyzed through the implementation of statistical methods

such as repeated-measures ANOVAs or dependent-sample planned

contrasts. If the assumption of sphericity was violated, Greenhouse-

Geisser correction was applied. In case of significant interaction or

main effects, post-hoc tests with Bonferroni correction were

performed. All tests were two‐sided, with p <.05 indicating a

statistically significant difference. Statistical analyses were

performed using RStudio 2021.09.0 + 351 software (31)
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3 Results
Starting from January 2013 to June 2020, 270 HL patients were

referred with the aim of offering fertility preservation counseling

and evaluating the impact of induction chemotherapy (ABVD) or

intensified salvage therapies on ovarian reserve. The median age

was 28.0+/- 6.6 years (range 18.0-40.0); 98 (36.3%) were between 20

and 25 years old, 70 (25.9%) were between 26 and 30 years old, 56

(20.7%) were between 31 and 35 years old and 46 (17.1%) were over

35. Data on 270 patients showed that 186 (68.9%) had no previous

pregnancies, 84 (31.1%) had pregnancies with 47 abortions. Two

hundred and nineteen (83.5%) had high school or bachelor’s degree.

Stage data, based on clinical characteristics, were reported in 160

patients; 10 patients were stage I, 91 stage II, 26 stage III and 33

stage IV. Nearly all patients (266) were treated with the standard

ABVD regimen (98.5%); in 4 patients treatment information was

unavailable. The vast majority (87%) of those receiving ABVD

completed 6 courses. Twenty-five patients (9.5%) were intensified

with BEACOPP or salvage treatment with autologous stem cell

transplantation due to a positive interim-PET. Eighty-eight patients

(33%) were treated with combined chemotherapy and radiotherapy.

Thirty-two patients (11.8%) did not receive fertility preservation,

132 patients (48.9%) were treated with Gonadotrophin Releasing

Hormone Agonists (GnRHa) alone, 73 patients (30.7%) were treated

with GnRHa after oocytes collection (mean oocyte number was 8.7 +/-

5.5; Range 0-15) and 65 patients (27.3%) were treated with GnRHa

after ovarian tissue excision (Table 1).

Patients who had results on hormonal measurements and

ultrasound are reported for eligible patients after screening for

which at least 2 timepoint exams were respected.
Frontiers in Oncology 04
TABLE 1 Demographic and FP characteristics of patients.

Variable n=270

Age (median ys [range] ±
SD)

28.0 ± 6.6 (18.0-
40.0)

20-25 36.3% (98/270)

26-30 25.9% (70/270)

31-35 20.7% (56/270)

36+ 17.1% (46/270)

Pregnancies pre therapy (%) Yes 68.9% (186/270)

No 31.1% (84/270

Abortion pre therapy (%) Yes 17.4% (47/270)

No 82.6% (223/270)

Ann Arbor Stage I 6.3% (10/160)

II 56.9% (91/160)

III 16.3% (26/160)

IV 20.6% (33/160)

Fertility preservation (%) No FP 11.8% (32/270)

GnRHa 88.2% (238/270)

GnRHa + oocyte 30.7% (73/238)

GnRHa + ovarian
tissue

27.3% (65/238)
FP, Fertility Preservation; GnRHa, Gonadotrophin-releasing hormone agonists.
TABLE 2 AMH, FSH and 17b-oe levels at baseline (overall and according to the menstrual cycle phase) and during the follow‐up visits.

Variable T0 - median (range) T6 - median (range) T12 - median (range) p-value

AMH n=68 n=62 n=68

Overall 1.69 (0.0-15.9) 0.56 (0.0-3.9) 1.6 (0.0-5.8) p < 0.001

Follicular 2.0 0(0.0-10.0)

Ovulation 2.50 (0.1-9.9)

Luteal 1.90 (0.0-3.5)

FSH n=85 n=67 n=85

Overall 5.8 (0.1-33.4) 7.3 (2.8-31.7) 8.1 (4.6-10-8) p = 0.019

Follicular 6.1 (0.1-16.0)

Ovulation 4.6 (0.1-33.4)

Luteal 4.1 (0.3-14.1)

17b-oe n=82 n=68 n=82

Overall 64.7 (6.0-384.0) 39.0 (5.0-384.0) 40.0 (8.0-196) p = 0.005

Follicular 52.5 (6.0-196.0)

Ovulation 141.0 (41.0-384.0)

Luteal 93.5 (11.0-384.0)
fron
AMH, anti‐müllerian hormone; FSH, follicle‐stimulating hormone; 17b-oe, 17 Beta-oestradiol.
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AMH, FSH and 17b-oe levels at baseline and during the follow‐

up visits are presented in Table 2 and showed in Figure 1.

Considering all patients, mean AMH levels showed a reduction

at the 6 month time point, then increased with a statistically

significant difference (p < 0.001) during the follow-up, almost

returning to pre-chemotherapy values (12 months; Table 2;

Figure 1). FSH levels increased (p=0.019) and 17b-oe levels

decreased (p=0.005) at both post-baseline time points and its

values preserve normal levels without significant differences

during follow-up (Table 2). Comparing patients treated with

ABVD and patients intensified, we observed a difference in the

expression of FSH that increased in patients treated with intensified

treatment (p not significant) and a trend for AMH value (p not

significant) that did not improve during follow-up in patients

intensified. This is not statistically significant probably due to the

low number of evaluable samples, but is strongly suggesting the

severity of damage in such subset (Table 2).

Morphological analysis of ovarian follicles and uterine thickness,

evaluated with ultrasonography, showed very interesting results in the

whole group of patients. ABVD chemotherapy was associated with a

significant reduction of follicles at 6 months and a recovery at the 12

month time point in both ovaries (Table 3). Interestingly,
Frontiers in Oncology 05
endometrium thickness decreased at 6 months and recovered to

basal values at 12 months (Table 3). Considering the treatment used,

we can observe, even if in a low number of patients, that in the

intensified group during follow-up the number of follicles was 0 in both

ovaries and the endometrium thickness is very low (Table 4).

Obviously these data with a longer follow-up could change.

We observed 9, post-chemotherapy pregnancies in our study

group, all spontaneous with seven natural deliveries and one

cesarean. All were healthy babies. One pregnancy ended in an

elective abortion due to the temporal closeness of chemotherapy and

radiotherapy. Information on how many patients tried to get pregnant

after therapy was not available. However, if conception was difficult,

patients usually were referred again for eventual treatment.
4 Discussion

The ability to conceive after treatment represents a major

concern for young, cured lymphoma patients. The high incidence

of HL diagnosis in young people and a much longer life in these

patients due to the high success rate of therapy have resulted in the

emergence of quality of life issues during and after treatment.
FIGURE 1

Boxplot of anti‐müllerian hormone, follicle stimulating hormone and 17b-oe levels at baseline and during the follow‐up visits.
TABLE 3 Ecography outcome at baseline and during the follow‐up visits.

Ecography variables T0 - median ± SD (range) T6 - median ± SD (range) T12 - median ± SD (range) p-value

AFCr n=42 n=31 n=42

p < 0.0017.0 ± 3.4 (0.0-16.0) 1.0 ± 1.7 (0.0-4.0) 3.0 ± 2.5 (0.0-8.0)

AFCl n=41 n=31 n=41

p < 0.0016.0 ± 5.2 (0.0-33.0) 1.0 ± 2.1 (0.0-5.0) 7.0 ± 2.2 (3.0-9.0)

EM (mm) n=48 n=32 n=48

p = 0.0027.5 ± 3.6 (0.0-14.0) 2.0 ± 1.7 (1.0-5.4) 4.7 ± 2.1 (1.2-7.6)
fron
AFCr, antral follicular count right; AFCl, antral follicular count left; EM Endometrial thickness.
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The complex equilibrium between life-saving treatment and

short/long-term toxicity is not easily balanced. For many young

patients, fertility is one of the most important issues to be

considered when deciding on a treatment. Unfortunately, there

are few published reports on the impact of different treatments on

gonadal function to guide clinicians and their patients. For example,

although fertility preservation is easily accomplished in males using

seminal liquid cryopreservation before starting chemotherapy,

ensuring ongoing fertility in female patients is much more
Frontiers in Oncology 06
complicated and less well known. Fertility issues are dramatically

different in female patients because cryopreservation of oocytes or

ovarian tissue is not as easy. The issue is further complicated by the

toxic effects of chemotherapy on gonadal function in women.

Chemotherapy-induced toxic effects on ovaries are well known

although it is still not clear if they are always associated with

infertility. Several lines of evidence indicate that gonadal function

in females after ABVD may not be severely impacted. ABVD

therapy is associated with a very low incidence of chemotherapy-
TABLE 4 Hormonal and ecography variables in the ABVD vs intensification chemotherapy patients at baseline and during the follow‐up visits.

Hormone variables T0 - median (range) T6 - median (range) T12 - median (range)
p-value

AMH

ABVD n= 58 n=58 n=51 p = ns

6.7 (5.4-15.9) 0.6 (0.0-13.0) 2.2 (0.0-12.4)

Intensification n= 9 n=6 n=9

7.2 (5.5-10.6) 0.1 (0.0-1.0) 0.0 (0.0-3.2)

FSH

ABVD n= 76 n=41 n=76 p = ns

4.3(1.6-12.4) 5.9 (2.2-8.5) 7.0 (2.6-13.2)

Intensification n= 9 n=6 n=9

8.9 (5.3-13.3) 37.1 (16.6-61.8) 74.8 (4.9-90.2)

17b-oe

ABVD n= 73 n=63 n=73 p = ns

60.1 (15.6-183.0) 39.0 (11.8-385.0) 48.0 (11.0-128.0)

Intensification n= 9 n=5 n=9

64.7 (52.4-112.0) 30.0 (5.0-107.0) 25.0 (11.8-145)

Ecography variables

AFCr

ABVD n=36 n=28 n=36 p = ns

8.0 ± 3.3 (0.0-12.0) 0.0 ± 2.3 (0.0-6.0) 3.0 ± 4.4 (0.0-19.0)

Intensification n= 8 n=3 n=8

7.0 ± 4.1 (2.0-16.0) 0.0 ± 1.5 (0.0-3.0) 2.0 ± 2.4 (0.0-7.0)

AFCl

ABVD n=36 n=28 n=36 p = ns

6.0 ± 3.2 (2.0-15.0) 1.0 ± 2.3 (0.0-5.0) 4.0 ± 7.1 (0.0-33.0)

Intensification n= 8 n=3 n=8

5.5 ± 2.2 (3.0-9.0) 2.0 ± 2.6 (0.0-5.0) 4.0 ± 3.4 (0.0-8.0)

EM (mm)

ABVD n=36 n=28 n=36 p = ns

7.5 ± 3.9 (1.7-14.0) 2.9 ± 4.1 (0.0-13.0) 5.0 ± 2.8 (1.0-12.0)

Intensification n= 8 n=3 n=8

7.2 ± 2.6 (3.0-11.0) 2.5 ± 1.8 (1.0-5.4) 3.2 ± 1.5 (2.0-14.0)
frontie
AFCr, antral follicular count right; AFCl, antral follicular count left; EM Endometrial thickness.
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induced amenorrhea, infertility or premature ovarian failure (32).

For this reason, recent recommendations for fertility preservation in

HL patients have suggested that women < 30 yrs treated with ABVD

should be informed of their good fertility prognosis and could be

treated with GnRHa even if there isn’t a unanimous consensus

about protection on ovarian function (33, 34). One caveat is that 20-

25% of patients treated with ABVD at diagnosis do not respond to

therapy or relapse early and need salvage therapy with intensified

treatments having gonadotoxic side effects (35). Those gonadotoxic

intensified therapies present a high risk of inducing early

menopause requiring infertility treatments. Thus, fertility issues

and preservation methods should be discussed with women even if

a low gonadotoxic treatment is considered (36).

Cryopreservation of ovarian tissue or oocytes should be

attempted prior to chemotherapy as these preservation techniques

are not yet recommended after chemotherapy exposure. However, it

must be noted that there are few situations, including high tumor

burden, mass at pelvic site, lack of preservation at diagnosis and

need for intensification, in which fertility preservation before

treatment cannot be done. A recent report on 25 individuals,

including 16 HL patients, treated with chemotherapy before

ovarian tissue cryopreservation revealed that ovarian function

recovery and pregnancy incidence compared favorably with those

reported in patients not treated before preservation (37). Thus

selected cases could be identified and discussed multidisciplinarly.

A secondary analysis of the RATHL study showed that the

recovery of ovarian function after ABVD treatment was dependent

on age (38). This is supported by the observation that a full recovery of

AMH levels was observed in younger patients less than 35 years but not

in older ones, even though AMH levels declined in all patients, young

and older, gathering that ABVD chemotherapy was almost harmless in

patients under 35 (39). This conclusion is interesting in light of the

study by Hodgson et al. (40), which showed that ovarian reserve is

reduced in female patients with HL diagnosis even before starting

chemotherapy. Azem et al. (41), verified that the risk of ovarian failure

or damage was very low in HL patients, however, in this study the pre-

CT AMH level was not provided.

In our study 270 patients with diagnosis of HL were registered

in the Gemme Dormienti database and several parameters

including gonad-regulating hormone levels, uterine thickness and

follicle number were measured before and after treatment to

evaluate fertility balance and to guide the choices on fertility

preservation. In this pivotal study we found no differences in

hormonal recovery in different age groups. Unfortunately, not all

patients could be fully studied during follow-up at the end of

treatment. Although limited, our data showed interesting results

particularly for the AMH trend in before and after treatment and

for the anatomical modification of ovaries and uterus

during therapy.

AMH levels are sensitive to ovarotoxic effects of chemotherapy

agents and remains the best substitute marker of gonadal toxicity

even if caution is still required. Timing of AMH measurements

needs to be further refined due to differences in treatment regimens.

In our study AMH measurements 6 and 12 months after

chemotherapy completion proved informative of recovery after a
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standard ABVD regimen (42). It has been shown that post-

chemotherapy AMH levels are significantly lower, due to AMH-

producing early-stage follicles damaged by all forms of

chemotherapy (43, 44).

New growth by surviving follicle reserves with de novo AMH

production indicates partial recovery of AMH levels, and represents

a new state of the ovarian reserve. In addition, ultrasound analysis

of antral follicle count can also be considered a possible surrogate

marker to monitor the reserve of each ovary separately, providing a

non-invasive and easy protocol to screen and follow patients. Thus,

the hormonal measurements and echography results presented in

this paper suggest that the toxic effects of ABVD on fertility is

transient, in contrast to the gonadotoxic effects of treatment

intensification which might be more substantial and long-lasting.

To our knowledge this is the largest and most detailed study on

the effects of ABVD and more intensive regimens on ovarian

function in young HL patients. Our results confirm the data

observed in the RATHL study on AMH levels in ABVD-treated

patients. Very interestingly, in our opinion, is the observation of

disappearance of follicles one year after the end of chemotherapy in

all patients treated with intensification therapy. The limited number

of patients in this group (8-9/25) precludes a definitive conclusion

and further research on this issue is in progress.

The data presented here underline the need to discuss on

fertility preservation with all patients regardless of the risk of

gonadal failure. In women, different options for fertility

preservation exist, and the specific approach chosen depends on

multiple factors including the patient’s age, the parity, urgency to

start therapy, personal situation, marital status and patient’s wishes.

Securing fertility before chemotherapy should have a high priority

given its psychological and social impact (45, 46).

The lower number of patients completing the study, compared

to the enrolled population group, points to the need of reinforcing

the compliance both in patients successfully completing their

treatment, and in the group needing intensification.
5 Conclusions

Patients of reproductive age diagnosed with cancer often face

fertility impairment. Increased awareness of the factors underlying

fertility preservation is of the utmost importance to support and guide

them in their decision-making process. It is every woman’s right to be

informed about the availability of fertility preservation procedures.

Providing this information to as many women and physicians as

possible, in order to avoid decisional regret and its consequences, is a

major aim of the Gemme Dormienti Association through its extensive

counseling and network connecting oncological-hematological and

reproductive preservation centers throughout Italy. Without detailed

fertility preservation information, the patient’s quality of life may be

negatively affected. For this reason, the informed decision-making

process must be considered a pivotal part of the treatment.

Unfortunately, this type of approach, while recognized as important,

is still not being implemented with potentially negative consequences

to uninformed patients.
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