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Hodgkin’s Lymphoma

Carolin Biirkle, Michael von Wolff, and Karolin Behringer

Stage-Dependent Prognosis

Hodgkin’s lymphoma occurs worldwide with an annual incidence of 2—3/100,000,
with men being affected slightly more frequently in a ratio of 3:2 [1].

A total of 2490 new cases were recorded in Germany in 2016. Young people are
frequently affected and up to 3% of patients are under 60 years of age at diagnosis
[2]. For young patients, family planning is often not yet complete at the time of the
initial diagnosis or has not been addressed at all. About 30% of women counselled
in the FertiPROTEKT network suffer from lymphoma, predominantly Hodgkin’s
lymphoma [3].

In recent decades, Hodgkin’s lymphoma has developed from an incurable dis-
ease to one of the best treatable oncological diseases in adulthood with outstanding
5-year survival rates (Tables 1 and 2).

In a large retrospective study by Glimelius et al [4], the outcome of a total of 1947
Swedish Hodgkin’s lymphoma patients diagnosed in the period 1992-2009 and
aged between 15 and 59 years at diagnosis was recorded. The age distribution in the
patient-collective showed the expected age distribution with 36.4% in the youngest
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Table 1 Survival rates of women and men depending on age
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Age at initial diagnosis 5 years relative survival rate 15 years relative survival rate
(years) (95% confidence interval) (95% confidence interval)
Glimelius 18-29 96% (95-98%) 94% (91-95%)
etal. [4] 30-39 95% (93-97%) 91% (87-94%)

40-49 93% (90-96%) 87% (81-91%)
Pulte et al. [5] | 15-29 97.9%

30-39 95.8%

40-59 88.3%

Table 2 Survival rates of women and men depending on initial disease stage

5 years FFTF | 5 years PFS 5 years OS
(95% (95% (95%
confidence confidence confidence
Stage Therapy interval) interval) interval)
Behringer | Early 2 cycles of 93.1% 93.5% 97.6%
etal. 2015 | favourable ABVD (90.7-95.5%) | (91.1-95.9%) | (96.1-99.1%)
(7]
von Early 2 cycles of 94.8% 95.4% 97.2%
Tresckow un-favourable | escalated (93.1-96.6%) | (93.7-97.1%) |(95.8-98.6%)
etal. 2012 BEACOPP
[8] +2 cycles of
ABVD
Engert et al. | Advanced 6 cycles of 89.3% 90.3% 95.3%
2012 [9] escalated (86.5-92.1%) | (87.6-93.0%) |(93.4-97.2%)
BEACOPP

Outcome criteria: FFTF freedom from treatment failure, PFS progression-free survival and OS
overall survival

age group of 18-29 years, 21.2% aged 30-39 years and 14.2% aged 40-49 years.
The outcome in terms of age is shown with the 5- and 15-year (relative) survival
rates and shows a clear age-dependent outcome. The 15-year survival rate is 94% in
the youngest age group of 18-29 years, and 87% in the 40—49 years age group.

This is also the result of an evaluation by Pulte et al. [5], in which the 5-year
(relative) survival of a total of 5300 patients suffering from Hodgkin’s lymphoma in
Germany from 1997 to 2006 is evaluated. The 5-year survival rate also decreased
with increasing age.

As a limitation, it should be mentioned that there were major therapeutic
advances in the studied period of 18 or 10 years, and that the patient collective was
treated with various radiation and chemotherapy regimens. The cure rate also
depends on the stage, the response to therapy and the risk factors (Table 2). Overall,
it is between 80 and 95%, and the number of long-term survivors is steadily
increasing [6].

After staging, patients are divided into three risk groups using the Ann Arbor
classification (describes the involvement of the lymph node regions) and the pres-
ence or absence of certain risk factors:
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1. Clinical stages (CS) I-ITA and B without risk factors are considered early, prog-
nostically favourable stages.

2. CS IA and B and CS ITA with >1 risk factor or CS IIB with the risk factors:
accelerated blood sedimentation rate and/or >3 affected lymph node areas are
listed as an intermediate patient group.

3. CS II B with the risk factors: large mediastinal tumour mass and/or extranodal
tumour foci as well as CS III/IV are classified as advanced stages.

According to the German Swiss Austrian S3 guideline “Diagnosis, treatment and
follow-up care of Hodgkin’s lymphoma in adult patients” from June 2018, the
stage-adapted treatment recommendation for patients <60 years of age is as fol-
lows [10]:

* In the early stages, two cycles of ABVD (adriamycin, bleomycin, vinblastine,
dacarbazine) and then involved field (IF)—RT with 20 Gray are administered.

* In the intermediate stages, the recommended treatment regimen consists of com-
bination chemotherapy consisting of two cycles of escalated BEACOPP (bleo-
mycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine,
prednisolone) and two ABVD (2 + 2) cycles, as well as subsequent IF-RT with
30 Gray.

* In advanced stages, intermediate staging with PET/CT is carried out after two
BEACOPP cycles. PET-negative patients receive two additional escalated
BEACOPP cycles, for a total of four cycles. PET/CT positive patients receive
four further escalated BEACOPP cycles, for a total of six cycles. If PET-positive
residual lymphoma tissue of >2.5 cm is still present after the end of chemother-
apy, localized radiotherapy with 30 Gray is carried out.

In the analyses of the HD13 trial by the German Hodgkin’s Study Group (GHSG)
for the early stages, HD14 for the intermediate stages and HD15 and HD18 for the
advanced stages, the current standard treatments showed excellent outcome results
in all stages. The values collected refer to a follow-up period of 5 years, in which the
following outcome criteria are recorded: “freedom from treatment failure” (FFTF),
“progression-free survival” (PFS), which records patients who survived 5 years
progression-free/relapse-free and 5-year overall survival (OS), which represents
overall survival after 5 years. There was a stage-dependent outcome with a 5-year
PES and OS of 93.5% and 97.6% in the early stages versus 90.3% and 95.3% in the
advanced stages.

Treatment Gonadotoxicity

Chemotherapy and radiotherapy always carry a risk of gonadotoxicity. The chemo-
therapy regimens administered for Hodgkin’s lymphoma show dose- and substance-
dependent gonadotoxicity, with the more intensive escalated BEACOPP regime
having a higher gonadotoxic effect than the ABVD regimen. Of the active
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ingredients administered, the alkylating agents procarbazine and cyclophosphamide
play a decisive role [11-13].

Data on fertility after Hodgkin’s lymphoma treatment were obtained in two stud-
ies by the German Hodgkin’s Study Group (GHSG). The results published by
Behringer et al. [14] looked at 405 patients who were under 40 years of age at first
diagnosis and were treated in the third study generation (HD7-nine studies) between
1994 and 1998. The more recent data from Behringer et al. [15] were obtained from
a follow-up of a total of 1323 male and female patients from the fifth study genera-
tion (HD13-15 studies).

Treatment Gonadotoxicity in Women

The publication by Behringer et al. [14], with a mean follow-up time of 3.2 years,
showed that 51.4% of patients who received eight cycles of escalated BEACOPP
suffered from amenorrhea. The most frequent reports of amenorrhea were from
women in advanced stages, when the age at initial diagnosis was >30 years and
when no oral contraceptives were taken during chemotherapy.

With a mean follow-up time of 46 months in a total of 562 female Hodgkin’s
lymphoma survivors who were <40 years old at initial diagnosis, the evaluation by
Behringer et al. [15] also showed a clear difference with regard to age at initial
diagnosis (</>30 years) and the treatment regimen administered (ABVD or esca-
lated BEACOPP) (Tables 3 and 4).

The measured values for follicle-stimulating hormone (FSH) and anti-Miillerian
hormone (AMH) were in women >30 years and were significantly worse after treat-
ment with escalated BEACOPP, consistent with damage to the ovarian reserve. The
occurrence of regular menstruation was reported by more than 90% of women after
early-stage therapy. In most cases, it started within the first year after treatment. A
recent paper by Weibull et al. showed similar conclusions [16]. Fortunately, a com-
parable birth rate between the examined 449 relapse-free Hodgkin lymphoma

Table 3 Hormone and menstrual cycle parameters in women age 18-29 years after different
chemotherapy regimens

2 cycles of ABVD
plus
2 cycles of 6 cycles of
2 cycles of escalated escalated
ABVD BEACOPP BEACOPP
AMH (pg/L) (95% confidence interval) 2.2 (1.4-3.6) 0.9 (0.7-1.2) 0.1 (0.1-0.2)
FSH (U/L) (95% confidence interval) 24(1.2-47) |44 3.2-6.1) 10.6 (6.3-18.0)
Regular After therapy 94% 100% 88%
cycle At the time of analysis (@ | 88% 95% 81%
46 months after therapy)
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Table 4 Hormone and menstrual cycle parameters in women age 18-29 years after different
chemotherapy regimens

2 cycles of ABVD plus | 6 cycles of
2 cycles of | 2 cycles of escalated escalated
ABVD BEACOPP BEACOPP
AMH (pg/L) (95% confidence 0.7 0.0 (0.0-0.1) 0.0 (0.0-0.0)
interval) (0.3-1.6)
FSH (U/L) (95% confidence 7.5 11.8 (8.2-16.9) 23.6 (14.6-38.2)
interval) (5.9-9.6)
Regular After therapy 97% 90% 55%
cycle At the time of analysis | 95% 75% 40%
(@ 46 months after
therapy)

Table S Rate of amenorrhea depending on chemotherapy and age of female survivors [15]

Chemotherapy Age 18-29 years (%) Age 3045 years (%)
2 cycles of A(B)VD 11 8

4 cycles of ABVD 10 16

2 cycles of ABVD plus 7 25

2 cycles of escalated BEACOPP

6 cycles of escalated BEACOPP 24 74

8 cycles of escalated BEACOPP 20 70

patients (all stages) and the normal population was shown 3 years after diagnosis.
The birth rate was 22.5% in the group of former patients.

Data from Behringer et al. [15] showed a longer time for ovarian function recov-
ery after treatment with six to eight cycles of escalated BEACOPP, which was
strongly dependent on the age of the patient at initial diagnosis. The risk of persis-
tent amenorrhoea after 4 years was 25% in 25-year-old patients, while it increased
to 50% in 30-year-old patients.

Table 5 summarises the risks of amenorrhoea after a mean follow-up period of
46 months after chemotherapy [15] and thus the risk of POI depending on the che-
motherapy used and the age of the woman and, derived from this, the recommenda-
tions for the implementation of a fertility preservation measure are shown in Fig. 1.

Treatment Gonadotoxicity in Men

Radiochemotherapy mainly affects spermatogenesis in men, which is often limited
even before the start of therapy, especially in the advanced stages [17]. The effects
of treatment on testosterone production, however, are small. In the study data col-
lected by Behringer et al. [15], the mean values for testosterone were within the
limits after all treatment intensities.
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Table 6 Hormone parameters of male survivors (age 18-49 years) depending on the type of

chemotherapy regimen

2 cycles of ABVD plus | 6 cycles of

2 cycles of escalated escalated
Hormone parameters 2 cycles of ABVD BEACOPP BEACOPP
Mean FSH (U/L) (95% 5.6 (4.8-6.6) 7.9 (6.8-9.1) 18.7 (17.3-20.3)
confidence interval)
FSH > 12.4 U/L 13% 29% 80%

Mean inhibin B (ng/L)
(95% confidence interval)

126.1 (111.5-140.7)

93.3 (80.5-107.2)

16.9 (12.9-20.9)

Inhibin B < 25 ng/L. 7% 22% 75%

Mean LH (U/L) (95% 4.8 (4.3-5.3) 5.1 (4.6-5.6) 7.0 (6.6-7.5)
confidence interval)

LH > 8.6 U/L 11% 13% 28%

Mean testosterone (ng/L) | 4.2 (3.9-4.6) 4.7 (4.4-5.0) 4.1 (3.8-4.4)
(95% confidence interval)

Testosterone <2.8 ng/L 20% 14% 21%

Table 7 Risk of azoospermia depending on the chemotherapy regimen [18]

Percentage of male
Number of male survivors with | survivors with azoospermia
Chemotherapy azoospermia/total score (1) (%)
2-8 cycles of ABVD 0/202 0
2-6 cycles of ABVD/COPP or | 11/13 84.6
OPP or MOPP
2-6 cycles of ABVD plus 3/13 23
inguinal radiotherapy
(3040 Gy)
2-8 cycles of BEACOPP 8/16 50

Behringer et al. [15] examined hormone parameters depending on the chemo-
therapy regimen (Table 6). Seven hundred and sixty-one male Hodgkin’s lymphoma
survivors who were younger than 50 years at the time of initial diagnosis were
examined after a mean follow-up period of 48 months. Inhibin B and FSH levels
correlated significantly with the intensity of chemotherapy (Table 6). After treat-
ment in the early stages, 50% of the men showed an Inhibin B/FSH ratio corre-
sponding with definite fertility (inhibin B/FSH ratio > 23.5 ng/U). However, the
highest proportion of inhibin B/FSH values, which correlated with oligospermia,
was found after six to eight cycles of escalated BEACOPP therapy (88.8%).

Paoli et al. [18] examined sperm parameters and azoospermia rates depending on
different chemotherapy regimens (Table 7). Chemotherapy according to the ABVD
regimen led to a significant reduction in sperm concentration, which normalised
within 24 months. Other chemotherapy regimens and radiotherapy often lead to
long-term azoospermia (Table 6). Although the cohorts in the study by Paoli et al.
are small, they show a clear correlation between the intensity of the chemotherapy
regimen and sometimes long-term azoospermia rates.
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Table 8 Trials examining ovarian contamination of cryopreserved ovarian tissue samples with
Hodgkin’s lymphoma cells

Stage of Metastases
Trial Number of female survivors (n) illness proven
Seshadri et al. 2006 26 (24 with information about stage | I/Il: n=15 |No
[19] of illness) AV:n=9
Meirow et al. 2008 33 IV:n=38 No
[20]
Bittinger et al. 2011 1 111B Yes
[21]
Hoekmann et al. 2015 |6 IMA:n=3 No
[22] B:n=1
IVB:n=1

Table 7 summarises the risks of long-term azoospermia 2 or 3 years after treat-
ment [18], depending on the chemotherapy used. Recommendations for the imple-
mentation of a fertility-preservation measure are shown in Fig. 2.

Probability of Gonadal Metastasis

The data available for estimating gonadal metastasis are limited.

Several studies have systematically attempted to detect tumour cells in cryopre-
served ovarian tissue. Table 8 shows the studies known to the authors and published
to date. Overall, there is almost never any evidence of Hodgkin’s lymphoma cells in
ovarian tissue, even in higher grade tumour stages. However, a case report with
ovarian involvement of the lymphoma has been published [21]. Because of this case
report and since it is never possible to examine the tissue to be transplanted, only an
ovarian biopsy, a tissue sample should be examined histologically during cryo-
preservation or at the latest before transplantation.

Based on these examinations and the large number of ovarian tissue transplants
without evidence of recurrence, Hodgkin’s lymphoma was classified as a disease
with a low risk of metastasis (see chapter “Removal of Ovarian Tissue”, Table 2).

Effectiveness and Risks of Fertility Preservation

Effectiveness

Women and men with Hodgkin’s lymphoma are usually of a younger age. Women
therefore usually have a good ovarian reserve and oocyte quality, and fertility-
protective measures such as cryopreservation of ovarian tissue and oocytes are also
very effective.
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However, there are studies which suggest a lower ovarian reserve in women
with Hodgkin’s lymphoma. The number of oocytes obtained during ovarian stim-
ulation is 1.2-1.4 times lower in women with Hodgkin’s lymphoma [3, 23].
Lawrenz et al. [24] demonstrated a 35% lower serum concentration of AMH in
women with Hodgkin’s lymphoma, which explains the lower response to ovarian
stimulation.

However, it is questionable whether the lower AMH concentration also leads the
fertility-preservation measures being less effective. If oocytes are to be cryopre-
served, the stimulation dose can be adjusted because the women are usually younger.
If ovarian tissue is cryopreserved, the AMH concentration plays a minor role. What
is important, however, is the actual ovarian reserve, i.e. the density of primordial
follicles, which—in contrast to the AMH concentration—is not reduced in women
with Hodgkin’s lymphoma [25].

It should be noted that sperm quality is reduced in men with lymphomas.
Caponecchia et al. [17] found an average sperm concentration of 34.5 million/mL
in men with lymphoma (Hodgkin’s and non-Hodgkin’s) compared to fertile men
with 46.5 million/mL. However, motility and morphology were not affected.

Risks

Fertility-preservation measures are usually only associated with minor risks in
patients with Hodgkin’s lymphoma. The tumour cells are not hormone-dependent
and the time available for carrying out all procedures is usually sufficient. The risk
of lymphoma cells appearing in the gonadal tissue also appears to be low, as no
tumour cells have been detected to date.

It should be noted, however, that Hodgkin’s lymphomas are often accompanied
by mediastinal involvement, which means that intubation and extubation can be
risky if the patient undergoes laparoscopy. In these cases, ovarian tissue should only
be removed if the anaesthetists assess the sedation and intubation risk as being low.
Alternatively, hormonal stimulation for cryopreservation of unfertilised or fertilised
oocytes may be considered, as intubation anaesthesia is not required for follicle
puncture.

Practical Approach

Patients should always be introduced to a reproductive medicine centre as early as
possible, so that enough time is available for the implementation of fertility-
preservation measures. This can also take place before the chemotherapy regimen
has been decided upon (Figs. 1 and 2).
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Decision
criteria

¥ | v

POI risk high: POI risk medium: POl risk low:
* 4-6 cycles of » 2 cycles ABVD plus 2 cycles * 2 cycles of ABVD
escalated escalated BEACOPP and e 2 cycles of ABVD plus 2
BEACOPP age 230 years cycles escalated BEACOPP
and age < 30 years

N

Fertility preservation not

Fertility preservation recommended strongly recommended,

possibly only GnRHa

v v
Time frame 1 week ‘ | Time frame around 2 weeks ‘

y

y
Freezing of ovarian tissue (if low risk Freezing of oocytes + freezing of ovarian
laparoscopy) + GnRHa tissue = GnRHa

Fig. 1 Flowchart for fertility preservation in female Hodgkin’s lymphoma patients

Decision _

criteria

) V

Risk of Risk of azoospermia medium: Risk of azoospermia
azoospermia high: * ABVD plus BEACOPP low:
e Escalated e ABVD plus inguinal * ABVD

BEACOPP radiotherapy

Fertility preservation
not strongly
recommended

Fertility preservation recommended

v v

‘ Postpubertal ‘ | Prepubertal |
Freezing of sperm Freezing of testicular tissue

Fig. 2 Flowchart for fertility preservation in male Hodgkin’s lymphoma patients
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