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Aim: To estimate the reproductive and economic impact of interim positron emission tomography
(iPET)-guided brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine and
dexamethasone (BrECADD) versus iPET escalated etoposide, doxorubicin, and cyclophosphamide,
bleomycin, vincristine, procarbazine and prednisone (eBEACOPP) in patients of childbearing potential
(POCBP) receiving frontline treatment for advanced Hodgkin lymphoma, using healthcare and societal
perspectives in Denmark and Italy. Materials & methods: An exploratory cost-consequence analysis was
developed using HD21 POCBP patient-level data, expert-defined composite measures of compromised
reproductive ability, and cost data across Denmark and Italy. A hypothetical cohort of 1000 patients
was modeled over 5- and 10-year horizons to project natural and assisted reproductive technology
(ART) pregnancies and births based on treatment-specific gonadal function recovery and progression-
free survival. Analyses incorporated pre-treatment fertility preservation, evolving fertility intentions and
scenario analyses using a follicle-stimulating hormone (FSH)-only definition of reproductive recovery. Costs
included counselling, preservation, ART, pregnancy outcomes and productivity loss. Results: Treatment
with BrECADD was associated with lower fertility-related healthcare costs than eBEACOPP, reflecting
higher rates of gonadal function recovery and increased natural conception, which reduced ART use.
Savings over 5- and 10-year horizons were, respectively, €546,769 and €971,667 in Denmark, and €141,435
and €259,982 in Italy. Scenario analyses, including evolved intentions, FSH-only recovery and societal
perspectives, showed consistent findings. Conclusion: BrECADD is associated with lower reproductive
burden and reduced fertility-related costs compared with eBEACOPP, reflecting better preservation of
gonadal function and reduced reliance on ART. These findings support the potential broader value of less
gonadotoxic regimens in the FLHL setting.
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Plain language summary
What is this article about? This article examines how two chemotherapy treatments for advanced 
Hodgkin lymphoma, brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine and 
dexamethasone (BrECADD) and escalated etoposide, doxorubicin and cyclophosphamide, bleomycin, 
vincristine, procarbazine and prednisone (eBEACOPP) may affect future fertility and the associated 
healthcare costs. Given that many people with this cancer are diagnosed during their reproductive years, 
fertility outcomes are an important part of treatment decisions. The analysis uses clinical evidence from 
the HD21 trial, which showed that BrECADD is less damaging to gonadal function than eBEACOPP, and 
applies these findings to estimate the long-term reproductive and economic impact in Denmark and Italy. 
How was the research carried out? Researchers created an exploratory cost-consequence analysis 
combining HD21 data, expert input and real-world costs. The analysis estimated the number of 
pregnancies and births, natural or through assisted reproductive technology (ART), over 5- and 10-year 
periods. It also calculated costs linked to reproductive counselling, preservation, ART use, pregnancy 
outcomes and productivity loss. Several scenarios were tested, including changing intentions to have 
children and alternative definitions of fertility recovery.
What were the results? Using HD21’s reproductive recovery data, the analysis demonstrated that 
BrECADD leads to lower reliance on ART, resulting in reduced reproduction-related costs and slightly more 
pregnancies and births than eBEACOPP across both countries.
Why is this important? Reproductive preservation can significantly a ffect l ong-term wellbeing. 
Treatments that minimize gonadal damage support patients’ family-building goals and reduce the 
economic burden on healthcare systems.

First draft submitted: 21 May 2026; Accepted for publication: 6 October 2026; Published online:
13 November 2026
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Hodgkin lymphoma (HL) is a rare lymphatic malignancy that accounts for less than 1% of new cancer diagnoses 
globally [1]. Despite this, HL is one of the most common cancers occurring in adolescent and young adults aged 
15–39 years [2]. HL initially presents with swelling of lymph nodes in the neck, armpit or groin [3,4], but other 
symptoms include recurring fever, night sweats, weight loss, cough, breathlessness, abdominal pain and itching [4,5]. 
HL shows a bimodal incidence pattern in adults, occurring first in adolescent and young adults, and then in adults 
aged over 55 years [4,6,7]. The median age at diagnosis is around 39 years [4,6,7]. Adolescents and young adults 
comprise the largest age group affected by HL, and generally have a high likelihood of cure with current treatment 
options [8]. Advanced Hodgkin lymphoma (aHL) is defined as Stages III–IV disease, as well as Stage IIB when 
accompanied by a large mediastinal mass or extranodal spread, and reflects more extensive disease burden beyond 
the initial nodal regions [1,9,10].

Reproductive preservation is a major concern for patients with HL, particularly given its peak incidence during 
reproductive years. Many HL survivors express a strong desire to maintain reproductive potential, with fertil-
ity often cited as a key factor influencing treatment decisions and long-term wellbeing [11–13]. Patients actively 
seek information and support from clinicians regarding fertility risks and preservation options before initiating 
chemotherapy [14]. Initiating fertility discussions at diagnosis for HL is important to patients, given the psycho-
logical impact and long-term reproductive concerns associated with treatment-related gonadal dysfunction [15]. 
Survivorship research highlights that fertility-related concerns persist well beyond treatment, with patients viewing 
reproductive health as central to their recovery and quality of life (QoL) [13]. Receiving specialized counselling for 
reproductive loss and pursuing fertility preservation are associated with reduced decisional regret and improved 
QoL among survivors [16]. Pregnancy prior or during oncologic therapy is not recommended due to increased risks 
to both the mother and child [17], and attempting conception is recommended at least 1-year post-treatment [18].

Reproductive hormones, including follicle-stimulating hormone (FSH), anti-Müllerian hormone (AMH), oestra-
diol (E2), testosterone and inhibin B, are central regulators of fertility, with sex-specific roles and a tightly coordinated 
hormonal interplay that controls gametogenesis and reproductive capacity [19,20].

In females, AMH produced by granulosa cells reflects the quantity of remaining follicles and is the considered 
the most stable marker of ovarian reserve, while FSH and early-cycle E2 vary as reserve declines [19,20]. The  
hormonal interplay between these markers regulates folliculogenesis: androgens enhance FSH-receptor expression,
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AMH restrains premature follicular activation and rising FSH induces aromatase activity, increasing E2, which
subsequently suppresses AMH to permit follicular maturation [19,20]. Inhibin B provides additional negative
feedback on pituitary FSH. Disruption of this regulatory network may impair ovulation and reduce fertility
potential [19,20].

In males, FSH acts on Sertoli cells to support spermatogenesis, while testosterone is essential for sperm production
and sexual function. Inhibin B, secreted by Sertoli cells, is the principal negative regulator of FSH and a sensitive
indicator of spermatogenic activity [19,20].

There remains no consensus on how additional laboratory markers should be applied to identify ‘compromised
reproductive ability’ in patients receiving chemotherapy [21–24]. Outside of semen analysis and uterine imaging,
diminished ovarian reserve (DOR), primary ovarian failure (POF) and impaired sperm quality are commonly
used indicators. Reproductive outcomes are inconsistently assessed across HL trials, with some reporting hormonal
data or semen parameters [19], while others assess only pregnancies or live births [25]. Reduced inhibin B may also
indicate impaired spermatogenesis [26]. This lack of standardization in fertility/reproductive recovery assessment
complicates interpretation of reproductive outcomes and underscores the need to consider the gonadotoxic effects
of frontline HL therapies.

Intensive chemotherapy regimens remain the standard of care in frontline treatment of HL; with newer
chemotherapy regimens demonstrating high efficacy across disease stages and generally manageable safety profiles.
eBEACOPP (escalated doses of bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine
and prednisone) is highly effective but can cause gonadal dysfunction and detrimental effects on fertility and
quality of life [24]. For people living with aHL, the challenge is to further increase the durable remission rates while
minimizing long-term treatment-related toxicities [27].

Although intensive chemotherapy regimens are effective in aHL patients younger than 60 years of age [28],
they are associated with an increased risk of long-term complications. For patients who cannot tolerate intensive
regimens, including patients aged 60 years and older, alternative regimens such as adriamycin, brentuximab vedotin,
vinblastine and dacarbazine (A+AVD) or adriamycin, bleomycin, vinblastine and dacarbazine (ABVD) may be
considered.

Several components of the current standard of care chemotherapy regimens pose risks to reproductive ability,
particularly among patients of childbearing potential (POCBP) [29,30], which leads to detrimental effects on patient
QoL [24]. Alkylating agents such as procarbazine and cyclophosphamide are associated with prolonged azoospermia
in up to 100% of men living with HL and premature ovarian failure in 5–25% of women with HL younger than
30 years [29]. Notably, semen quality is significantly lower in adult males with HL prior to treatment initiation
compared with healthy controls without HL, indicating a baseline vulnerability of reproductive potential that
may be exacerbated by chemotherapy [31]. A recent meta-analysis reported suspected infertility rates of 21% in
women living with HL and 49% in men living with HL, with infertility risk strongly dependent on the specific
chemotherapy regimen used [30]. This underscores the need for therapeutic strategies that minimize additional
gonadal damage and preserve reproductive potential.

These findings highlight an ongoing unmet need for frontline treatments that maintain high anti-lymphoma
efficacy while reducing gonadotoxicity, particularly for younger patients [24]. In response, the German Hodgkin
Study Group (GHSG) developed the BrECADD regimen (brentuximab vedotin, etoposide, cyclophosphamide,
doxorubicin, dacarbazine and dexamethasone) by incorporating brentuximab vedotin and replacing the highly
gonadotoxic procarbazine with dacarbazine in eBEACOPP. This strategy aimed to reduce both acute and long-
term toxicities, including gonadal dysfunction and infertility, associated with escalated BEACOPP (eBEACOPP),
while preserving treatment efficacy [24].

The HD21 trial assessed the safety and efficacy of the interim positron emission tomography (iPET)-guided
brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine and dexamethasone (BrECADD)
regimen in adults aged 18–60 years with advanced-stage classical HL [24]. At 4 years of follow-up, BrECADD
significantly improved progression-free survival (PFS) and demonstrated a more favorable toxicity profile compared
with eBEACOPP [24]. A secondary analysis focusing on gonadal function recovery in a POCBP cohort (women
<40 years; men <50 years) showed improved reproductive recovery following BrECADD, reflected by lower post-
treatment FSH levels, higher AMH and inhibin-B concentration, and significantly higher paternal parenthood
rates compared with eBEACOPP [24].

An exploratory cost-consequence analysis was developed to estimate the economic impact of reduced repro-
ductive burden associated with BrECADD compared with eBEACOPP, informed by the HD21 POCBP cohort,
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incorporating 5- and 10-year projections. To reflect the diversity of the EU, the analysis considered cost perspective
of two countries, Denmark and Italy, offering contrasting healthcare settings to contextualize costs related to aHL.

Materials & methods
Framing the analysis
A cost-consequence analysis was undertaken to estimate the total costs and reproductive burden associated with
pregnancy and births in POCBP with aHL treated with a frontline oncologic treatment. The analysis was developed
to reflect reproductive outcomes in people with aHL treated with BrECADD or eBEACOPP, with flexibility to
account for reproductive and ART-related care provided in different settings across Europe.

The analysis focused on the outcomes and costs associated with pregnancies and births, split by natural and ART
types over 5- and 10-year time horizons from a Danish and Italian payer and societal perspectives for a hypothetical
cohort of 1000 patients. A 5-year time horizon was selected as it aligns to the follow-up of the HD21 trial [24]).
Using a starting age of 28 years (based on the mean age from the POBCP cohort in HD21), the 10-year time
horizon was assumed to capture the majority of pregnancies and births by the time the cohort reaches 38 years of
age. Costs were discounted at 3.0% for Italy and 3.5% for Denmark in line with local guidance [32–34].

Model structure
Design & patient flow

The analysis tracked hypothetical patients depending on whether they had chosen to address the chemotherapy-
associated reproductive recovery risk prior to oncologic treatment (i.e., if they had chosen to take up the option
of preservation), and by their modeled reproductive ability post-oncologic treatment. Cohort survival was based
on treatment-specific PFS; as it was assumed that people whose disease had progressed would not be eligible for
childbearing [35]. A model flow diagram can be seen in the Supplementary Figure 1B, and the overall model structure
can be seen in Figure 1 with more detail explained below.

The analysis was structured as a cohort model organized into three treatment phases of pre-oncologic intervention,
during oncologic intervention and post-oncologic intervention.

• Pre-oncologic intervention phase: A proportion of patients were assumed to receive fertility counselling and
hematologist consultation to advise on how to address possible gonadal toxicity risk from frontline HL treatment.
All patients who wanted to address their reproductive risk have preservation (groups A and C; Figure 1).

• The group not wanting to address their fertility risk were only included within the analysis in a scenario.
• Oncologic intervention phase: It was assumed that no patient would attempt to conceive through natural or ART

methods based on clinical advice. The POCBP cohort received treatment with either BrECADD or eBEACOPP
(or iPET ABVD in scenario analysis), which are associated with different gonadal toxicities and subsequent
proportions of gonadal function recovery.

• Post-oncologic intervention phase: Patients with compromised reproductive ability from oncologic treatment
(groups A and B; Figure 1) were assumed to become pregnant only through ART, and those with gonadal function
(groups C and D; Figure 1) were assumed to have pregnancies by natural conception only. The proportion of
people with gonadal function recovery over time was specific to the oncologic intervention received.

The analysis included costs of ART and natural pregnancies up until birth. No costs associated with birth or
those in the post-natal period were accounted for. People with successful births were removed from the analysis,
whereas those experiencing an abortion, miscarriage or still birth returned to the eligible cohort in the next cycle and
were assumed to be able to become pregnant again. Therefore, the end point of the model was at the point of first
birth. This simplifying assumption reduced additional complexities associated with modelling further births, such
as identifying data on the proportion of people attempting subsequent pregnancy. In addition, criteria associated
with publicly funded ART around only those with no children meeting eligibility means affordability is also an
implicit criterion in those requiring ART.

The analysis included two different approaches to the included population based on whether patients addressed
their fertility risk pre-oncologic intervention and the intention for family building in the future.

The base-case population, referred to as ‘baseline intention’, included only people who had undergone preser-
vation of reproductive material prior to oncologic intervention (groups A and C; Figure 1). It was assumed that
people with the intention of future childbearing would have had gamete preservation prior to initiating oncologic

10.57264/cer-2026-0105 J. Comp. Eff. Res. (2026) e260105
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therapy upon entering the HD21 trial (i.e., at ‘baseline’). Those that did not receive fertility preservation were
removed from the analysis.

A scenario analysis was undertaken to reflect the ‘evolved intention’ for childbearing over time for people who
either chose not to, or were not able to, receive fertility preservation prior to initiating oncologic therapy (groups
B and D; Figure 1), for example, those needing immediate therapy. The ‘baseline intention’ population is also
included in the scenario analysis such that the entire POCBP cohort is used. Therefore, people who did not undergo
fertility preservation procedures prior to oncologic treatment were also included within the analysis and were able
to have children in the future if their intention for childbearing changed. Those that experienced compromised
reproductive ability but who did not previously preserve gametes before initiating oncologic therapy (but intention
for childbearing had now changed) were able to commence ‘new ART’ (group B in Figure 1).

Costs included across the phases of care include expert counselling and consultation, testing, preservation
and preservation complications, gonadotropin-releasing hormone prescriptions, gamete storage, ART, pregnancy
complications, menopause care and optional societal costs.

A summary of the key assumptions of the evaluation is presented in Supplementary Table 7. The primary
outcomes from the analysis were total health system cost, and number of pregnancies and births for the total
population. Results are reported in Euros, with the analysis for Denmark conducted using Danish Krone (DKK),
and converted to Euros (€) using a 0.13 conversion rate for presentational purposes [36].

Secondary outcomes of cost per pregnancy and cost per live birth (CPLB) are also included (per treatment, and
incrementally between treatments) to validate outcomes with clinicians.

Data collection methods
Consultation with experts to define the compromised fertility composite outcome

A focus group comprised of five clinicians was consulted to identify what would be the most appropriate outcome
for measuring compromised reproductive ability, given there is little consistency on the measures and thresholds
used in oncology fertility analyses [21–24].

To inform discussions with the focus group, a targeted literature review was undertaken to identify the outcome
data on fertility in patients with HL, including for ABVD which was not included within the HD21 trial. See
Supplementary Table 11 for a summary of fertility data collected from published literature. Data on FSH, AMH
and testosterone were reported, as well as a variety of other measures of fertility; however, there was a large variation
in whether thresholds to represent fertility recovery post-treatment were reported, and if so, a lack of consistency
in what those thresholds were. Where no thresholds were reported, information such as mean levels of AMH
or testosterone were not sufficient to use as proxies to calculate what proportion of patients had compromised
fertility without patient level data. Comparing mean levels to those at baseline was one possibility, however this
has limitations, as clinician input identified that recovery to baseline was not a good measure, especially in males,
as testosterone levels at baseline may already be lower than normal due to lymphoma. The focus group concluded
that compromised reproductive ability should be defined as a composite hormonal outcome with sex-specific
criteria. For females, compromised reproductive ability was defined as levels of AMH (<1 ng/ml), FSH (>10
IU/l) and E2 (>75 pg/ml assessed at day 3 of the menstrual cycle). For males, compromised reproductive ability
was defined as total testosterone (≤10 nmol/l) and FSH (≤0.9 or >7 IU/l). People would be considered to
have recovered their reproductive ability only if none of the sex-specific criteria were met. Therefore, this analysis
compared the treatment arms from the HD21 trial applying these composite end points to available patient level
data (Supplementary Table 9). A scenario analysis was conducted using FSH recovery levels alone (Supplementary
Table 10), where compromised reproductive ability was defined as FSH levels >25 U/l for women and >15 U/l
for men, consistent with the thresholds used in the HD21 fertility recovery analysis [24].

Model data

POCBP cohort data from HD21 and local epidemiological data for each country was used to inform population
characteristics, preservation rates and births resulting from pregnancies as well as treatment-specific PFS and
compromised reproductive ability data for BrECADD and eBEACOPP. Compromised reproductive ability data
was based on a composite of AMH/FSH/ E2 for females and testosterone/FSH for males.

Costs data in the Danish and Italian settings were obtained from publicly available literature and clinical
interviews. A micro-costing approach was used where possible in both the Danish and Italian models; however, in

10.57264/cer-2026-0105 J. Comp. Eff. Res. (2026) e260105
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Table 1. Base-case results – baseline intention population using composite compromised reproductive
ability data
BrECADD vs eBEACOPP 5-year time horizon 10-year time horizon

BrECADD eBEACOP Incremental
(BrECADD vs
eBEACOPP)

BrECADD eBEAC Incremental
(BrECADD vs
eBEACOPP)

Denmark† Total cost €1,981,173 €2,482,597 -€501,424 €2,230,451 €3,067,351 -€836,900

Total
pregnancies‡

270 257 13 485 469 16

Total births‡ 222 212 10 399 386 13

Italy Total cost €1,268,334 €1,399,435 -€131,101 €1,396,288 €1,624,058 -€227,769

Total
pregnancies‡

221 219 2 396 396 0

Total births‡ 182 180 1 326 326 0

†Analysis for Denmark conducted using Danish Krone (DKK), and converted to Euros (€) using a 0.13 conversion rate for presentational purposes [36].
‡HD21 POCBP cohort and local epidemiological data for each country was used to estimate preservation, pregnancy and births resulting from pregnancies over the
designated time horizon.
BrECADD: Brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine and dexamethasone; eBEACOPP: Escalated bleomycin sulphate, etoposide
phosphate, doxorubicin hydrochloride, cyclophosphamide, vincristine sulphate, procarbazine hydrochloride and prednisone.

the Danish analysis a diagnosis-related group (DRG) costing approach based on group-level public tariff data was
used for preservation and publicly funded ART costs, given how costing is determined in Denmark.

A summary of the key data used in the analysis is presented in Supplementary Table 8. [37–66]

Sensitivity analysis
Scenario analyses were conducted for each of the Danish and Italian settings:

• The ‘evolved intention’ population scenario was used to explore how the changing preferences for childbearing
overtime may impact birth and cost outcomes.

• Scenario analyses using compromised reproductive ability based specifically on FSH (‘FSH only’) were conducted
to allow for the inclusion and comparison of iPET ABVD (hereafter ABVD) with the two HD21 treatments
(Supplementary Table 10). This comparison was included given ABVD is considered an aHL standard-of-care
in geographies such as Italy [67] and for patients that cannot tolerate intensive regimens [28]. PFS and gonadal
function recovery for ABVD was taken from the RATHL study [68]. The definition of patients with FSH recovery
(concentration of ≤25 IU/l) was aligned to HD21. No data for ABVD FSH recovery for males were identified,
therefore male ABVD gonadal function recovery based on FSH was assumed to be equivalent to male BrECADD
data from HD21.

• Finally, a scenario was conducted for the baseline intention population (using composite compromised repro-
ductive ability data) with a societal perspective including costs associated with productivity loss due to patient
absenteeism, stress and attendance of reproductive care appointments (Supplementary Table 6).

Results
Base-case results
Base-case results are presented for the baseline intention population using composite compromised reproductive
ability data (Table 1) and results of the scenario analyses are presented in the supplement. Costs results are presented
in Euros (€) over 5- and 10-year time horizons in both the Danish and Italian settings, using a hypothetical cohort
of n = 1000 patients.

Denmark

In Denmark, for a hypothetical cohort of 1000 patients, BrECADD is associated with total cost savings of €501,424
compared with eBEACOPP, and an additional 13 pregnancies and 10 births over a 5-year time horizon. Total cost
savings increase to €836,900 over a 10-year period, with 16 additional pregnancies and 13 births respectively. Cost
savings predominantly come from the reduced use of ART following treatment with BrECADD (Supplementary
Table 1).

10.57264/cer-2026-0105
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Italy

In Italy, for a hypothetical cohort of 1000 patients, BrECADD is associated with total cost savings of €131,101
compared with eBEACOPP, and an additional two pregnancies and one births over a 5-year time horizon. Total
cost savings increase to €227,769 over a 10-year period, with similar numbers of pregnancies and births between
treatments. Cost savings predominantly come from the reduced use of ART following treatment with BrECADD.
Healthcare costs were significantly lower in Italy compared with Denmark, hence the incremental costs being lower
in the Italian analysis (Supplementary Table 2).

Scenario results
Evolved intention population scenario analyses

In a Danish setting, scenario analysis using the evolved intention population with composite compromised repro-
ductive ability data showed that BrECADD is associated with cost savings of €1307,807 and €1733,783 versus
eBEACOPP over 5- and 10-year time horizons, respectively (Supplementary Table 4), and an increase in births
and pregnancies. In line with the baseline intention population base-case analysis, cost savings are mainly driven
by the reduced use of ART following treatment with BrECADD.

The evolved intention population scenario in an Italian setting showed that BrECADD is associated with savings
in cost savings of €368,420 and €504,125 versus eBEACOPP over 5- and 10-year time horizons, respectively
(Supplementary Table 4), and an increase in births and pregnancies. These cost savings are due to lower post-
oncologic gamete preservation and ART use with BrECADD.

FSH only scenario analyses

As with the composite outcome, BrECADD is associated with cost savings compared with eBEACOPP across
5- and 10- year time horizons in both Denmark and Italy based on FSH compromised reproductive ability data
(Supplementary Table 5). There are however country-specific differences in outcomes, with BrECADD having a
higher number of pregnancies and births than eBEACOPP in the Danish analysis, but fewer pregnancies and births
in the Italian analysis at both timepoints.

When compared with ABVD, BrECADD has generally marginally higher total costs, and marginally higher
outcomes at 5 years, and at 10 years BrECADD has again marginally higher costs but slightly lower outcomes
than ABVD. This is due to ABVD having slightly higher proportions of female patients with reproductive ability
from year two onwards compared with BrECADD (male data is assumed to be equivalent). Patient cohort size and
reproductive recovery drive these results, but overall differences are small between treatments relative to the total
costs.

Societal perspective scenario analyses

When a societal perspective is used the cost savings associated with BrECADD compared with eBEACOPP
increase in both the Danish and Italian settings, due to lower productivity loss from patient absenteeism, stress and
attendance of reproductive care appointments for patients treated with BrECADD (Supplementary Table 6).

Discussion
Reproductive outcomes across Europe are increasingly relevant, given the declining birth rates in recent decades.
The total fertility rate across the EU reached a historic low in 2023 of 1.38 live births per woman [69]. These
trends are characterized by these historically low fertility rates and an increasing average age of mothers at first
childbirth [69,70]. Notably, Italy has the highest average age of women at first birth among EU countries, at 31.8 years.
This underscores the relevance of this analysis in estimating reproductive burden in POCBP with aHL and the
importance of access to treatment with reduced gonadotoxicity.

Across both the Italian and Danish model outputs, BrECADD is consistently associated with lower pregnancy-
and childbirth-related costs compared with eBEACOPP, largely due to better preservation of gonadal function, and
reduced reliance on ART [24,71]. These differences align with findings from the HD21 trial, which demonstrated
lower gonadotoxicity with BrECADD. This correlated to a higher proportion of patients having the option of
conceiving naturally overtime [24,71]. Regimens that better preserve gonadal function are likely to reduce reliance
on ART, which is a major cost driver due to expenses for consultations, hormonal stimulation, procedures and
storage of cryopreserved material. Therefore, any reduction in ART use is likely to have a direct impact on overall
economic burden. It is important to note that the main driver of results is gonadal function recovery in males more
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so than females, as there are larger differences in recovery rates from the data between treatments in males compared
with females. Faster and more complete recovery of gonadal function not only improves clinical outcomes but also
mitigates downstream costs, making these two elements central to the projections of the analysis across both payer
and societal perspectives. Costs associated with reproductive outcomes are substantially higher in the Danish setting
compared with Italy, driven by higher preservation and ART procedure costs in Denmark where gross domestic
product per capita and living costs are higher [72].

The inclusion of societal costs increases the costs savings associated with BrECADD in both the Danish and
Italian settings, as BrECADD was observed to require less ART and therefore treated patients incur fewer costs
associated with productivity loss due to patient absenteeism, stress and attendance of reproductive care appointments
when compared with patients treated with eBEACOPP.

Extending the analytical time horizon substantially influences the estimated CPLB. Over longer periods, patients
treated with BrECADD are more likely to achieve live births compared with those receiving eBEACOPP, due
to better preservation of gonadal function and superior PFS [24,71]. This increase in the number of live births
for BrECADD expands the denominator in CPLB calculations, thereby reducing the per-birth cost. In contrast,
the corresponding increase for eBEACOPP remains limited due to prolonged gonadal impairment and lower
PFS, resulting in a comparatively higher CPLB. Consequently, the economic advantage of BrECADD becomes
increasingly pronounced with time.

The evolved intention population scenarios represented an increase in total costs savings in both the Danish
and Italian settings driven by higher demand for ART in individuals treated with eBEACOPP compared with
BrECADD. The evolved intention group may include some of the more severely affected patients who were
unable, due to the severity of the disease and requirement for immediate treatment, to undergo fertility preservation
procedures before initiating oncologic therapy.

Results for both the composite end point and the FSH-only end point were directionally consistent in terms of
costs, with BrECADD associated with lower pregnancy- and childbirth-related costs compared with eBEACOPP.
This alignment across end points reinforces the robustness of the model’s findings. Results for BrECADD were
similar to ABVD, which is expected based on similar rates of female gonadal function recovery based on FSH
between the two treatments (male recovery was assumed equal to BrECADD due to paucity of data).

The lower pregnancy and birth outcomes for BrECADD versus eBEACOPP in the Italian FSH-only scenario
analyses is because the probability of a natural pregnancy using Italian data [73] is lower than that of Danish data [74].
As eBEACOPP has a far lower recovery rates, there are a higher number of people using ART, and the pregnancies
and births resulting from ART (which are equivalent between each country) overtake that of the natural pregnancies
and births when using BrECADD in the Italian setting using the FSH-only end point. This leads to a somewhat
contradictory result of treatment with worse gonadotoxicity outcomes leading to overall slightly more pregnancies
and births. This is potentially a phenomenon of the structure of the model, where people remain within the model
until they have their first birth, which may differ in reality.

Beyond the economic implications, it is important to consider the broader consequences of treatment-related
gonadal dysfunction, including psychological distress and long-term reproductive concerns. These impacts highlight
the value of regimens such as BrECADD, which offer improved preservation of reproductive potential compared
with more gonadotoxic alternatives [15].

Research indicates that infertility negatively affects QoL for both men and women, albeit in different ways:
women often experience greater emotional and physical burden, while men report more relational distress [75]. Given
that BrECADD is associated with reduced impairment of reproductive ability compared with more gonadotoxic
regimens, this benefit is likely to translate into improved QoL outcomes alongside economic advantages [24,76].

This analysis is, to the authors’ knowledge, the first reproductive outcomes cost-consequence analysis in the
clinical context of HL. A more comprehensive and conventional economic analysis was not developed due to
reproductive outcomes being a supplementary outcome to the primary survival benefits of BrECADD and given
the variation in reproductive data collected in clinical trials (Supplementary Table 11). The analysis was conducted
using data from the HD21 trial, providing a reliable and clinically relevant foundation for its predictive capabilities.
The approach and inputs have been extensively reviewed and assessed by key opinion leaders supporting the
credibility, clinical plausibility and potential utility of the analysis.

Given the scope of the analysis using secondary outcomes, treatment acquisition costs were not included,
and additional outcomes such as overall survival and QoL impacts were not captured. While this may limit
the comprehensiveness of the assessment, the cost-consequence analysis approach provides valuable insights into
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the economic implications of fertility-related outcomes, which are not typically addressed in conventional cost-
effectiveness or budget impact analyses.

The assumptions around compromised fertility and recovery only account for the chemotherapy-specific impact
on reproductive function. It does not incorporate structural causes of infertility (e.g., ovarian, endometrial, or
anatomical factors) and therefore assumes no other underlying infertility complications. However, as the model’s
primary intention is to identify costs associated with chemotherapy-specific treatment in HL, this scope was
considered appropriate for the analysis. Furthermore, it is expected that other structural causes of infertility would
be evenly distributed between the treatment groups. Additional simplifying assumptions were made in attempt to
streamline the analysis, such as assuming that the analysis would stop at first birth and those with unsuccessful
pregnancies/births would attempt further reproduction.

The availability of data to inform the analysis was a key determinant in the research methodology. Alternative
modelling approaches, such as a formal Markov model or individual patient-level simulation, could have been
considered. These methods allow for more granular tracking of patient trajectories over time and across treatment
cycles, enabling more precise assignment of costs and outcomes. However, such approaches have substantially greater
data requirements to model such transitions over time, increasing methodological complexity and uncertainty.

There is no consistent approach taken across aHL trials to assess chemotherapy patients’ reproductive ability
or ‘compromised reproductive ability’ (Supplementary Table 11), and individual assessments can potentially lack
sensitivity as markers of the recovery of reproductive ability [77]. The model did not incorporate semen analysis
data, considered a key investigational procedure to assess male fertility [78], as this was not consistently reported in
HD21 [24]. Inhibin B was collected for males in the POCBP cohort but was not included in the analysis. This was
based on expert opinion that the marker is not widely used by oncologists and is becoming less relevant as a measure
of reproductive ability for fertility experts. Instead, the definition of compromised reproductive ability was based
on discussion with a focus group of lymphoma and fertility clinical experts, resulting in gender-specific composite
outcomes using multiple individual markers of reproductive ability (FSH, AMH and testosterone). Additionally in
a scenario analysis, compromised reproductive ability was assumed to be represented by FSH levels alone.

The use of DRG-based costing in the Danish model may limit the accuracy of cost estimates, particularly for
complex or individualized care pathways where DRG tariffs may not fully capture variation in resource use or
real-world clinical practice. However, DRG-based costing remains a widely accepted approach in Danish health
economic analyses and provides a consistent framework for estimating healthcare resource use.

Across both the Italian and Danish settings, BrECADD is consistently associated with lower pregnancy- and
childbirth-related costs compared with eBEACOPP in POCBP treated for aHL with frontline therapy. This is
largely due to better preservation of gonadal function and reduced reliance on ART. BrECADD is associated with
similar reproductive burden costs when compared with ABVD, which has comparable impacts on the reproductive
ability of POCBP. This analysis highlights that treatments which can reduce the reproductive burden in POCBP
have additional benefits beyond those of treating the disease itself.
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Summary points

• Fertility preservation is a prominent emerging concern for patients with newly diagnosed Hodgkin lymphoma
(HL), particularly given the highest incidence of HL is during reproductive years; components of some current
preferred chemotherapy regimens (notably procarbazine) pose significant risk of infertility and premature
ovarian failure, and there is an inherent gonadal dysfunction in male patients prior to diagnosis, suggestibly
connected to their lymphoma.

• Reduced gonadotoxicity associated with BrECADD compared with the use of eBEACAOPP is likely to result in
more natural pregnancies thereby inciting a reduced need for assisted reproductive technology (ART) in POCBP,
which in turn is likely to result in a reduction in costs associated with pregnancy and childbirth in this population.

• Improved natural childbirth rates and resultant cost savings (from reduced use of ART) associated with newly
diagnosed, advanced-stage classic HL in POCBP are expected when patients are treated with BrECADD (compared
with eBEACOPP).

• In the HD21 trial, BrECADD demonstrated superior efficacy and safety, including recovered gonadal function
(laboratory markers related to gonadal and related pituitary function), pregnancy rates, and natural birth rates in
comparison to eBEACOPP.

• Using outcomes from the HD21 trial and clinical expert opinion, a de-novo cost calculator was developed to
analyze the impacts of reduced gonadotoxicity associated with BrECADD compared with eBEACOPP over 5- and
10-year time horizons.

• Across both the Italian and Danish settings, BrECADD is consistently associated with lower pregnancy- and
childbirth-related costs compared with eBEACOPP in POCBP treated for aHL with frontline therapy. This is largely
due to better preservation of gonadal function, and reduced reliance on ART. BrECADD is associated with similar
reproductive burden costs when compared with ABVD, which has comparable impacts on the reproductive ability
of POCBP. This analysis highlights that treatments which can reduce the reproductive burden in POCBP have
additional benefits beyond those of treating the disease itself.
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