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STUDY QUESTION: [s spermatogenesis impairment caused by Hodgkin’s lymphoma (HL) itself or by the various treatments?

SUMMARY ANSWER: HL is not itself the main cause of impaired spermatogenesis, which is instead affected by the treatment; the extent of
impairment depends on the type of treatment and the number of cycles.

WHAT IS KNOWN ALREADY: Datain the literature are contradictory, although most studies found poor semen quality in HL patients prior
to treatment. The impact of therapy on spermatogenesis depends on the type of treatment, but the time needed to recover testicular function
following treatment with chemotherapeutic agents inducing azoospermia is unknown.

STUDY DESIGN, SIZE, DURATION: In a retrospective study, the semen parameters of 519 patients (504 with sperm and |5 who were
azoospermic) were investigated.

HL patients were analysed before therapy. A longitudinal study was also conducted of semen quality in 202 patients pre- and post-ABVD (doxo-
rubicin, bleomycin, vinblastine and dacarbazine) at TO (baseline) and 6 (T6é), 12 (T 12) and 24 (T24) months after the end of treatment, and of 42
patients pre- and post-BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone), COPP/ABVD
(cyclophosphamide, vincristine, procarbazine, prednisone, doxorubicin, bleomycin, vinblastine and dacarbazine), OPP/ABVD (vincristine, pro-
carbazine, prednisone, doxorubicin, bleomycin, vinblastine and dacarbazine) or MOPP (mechlorethamine, vincristine, procarbazine and prednis-
one) and inguinal radiotherapy at different observation times (from TO to |6 years after treatment).

PARTICIPANTS/MATERIALS, SETTING, METHODS: Semen parameters were examined according to World Health Organization
2010 criteria, evaluating sperm concentration, total sperm number, progressive motility and morphology.

MAIN RESULTS AND THE ROLE OF CHANCE: Ourdata, which pertain to the largest caseload reported to date, indicate that 75% of HL
patients are normozoospermic prior to treatment. The results from the HL patients studied pre- and post-therapy demonstrate that spermato-
genesis recovery depends on the therapeutic regimen used. After ABVD, there was a statistically significant decrease in sperm concentration and
total sperm number at Té and T12 (P < 0.001; P < 0.01, respectively). There was a significant drop in progressive motility (P < 0.001) and a
significant increase in abnormal forms (P < 0.01) at Té. The differences in sperm concentration, total sperm number and abnormal forms at
TO and T24 were not statistically significant, indicating that sperm quality had returned to pre-therapy values. The most interesting data in
terms of patient management arise from the study of azoospermia induced by other chemotherapeutic agents. A high number of BEACOPP,
COPP/ABVD, OPP/ABVD or MOPP cycles (>6) induced a permanent absence of sperm in the seminal fluid, while even following a low
number of cycles (<6), spermatogenesis only recovered after 3—5 years and semen quality was highly impaired.

LIMITATIONS, REASONS FOR CAUTION: The study type (retrospective) and the low caseload and varying time of the follow-up do not

permit any firm conclusions to be drawn about the recovery of spermatogenesis after BEACOPP or other combined therapies, or the identifi-
cation of any risk factors for testicular function in treated patients.
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WIDER IMPLICATIONS OF THE FINDINGS: The pretreatment semen parameters of HL patients in this study were better than some
results reported in the literature, with a higher percentage of normozoospermic patients. Strengths of this study were the large caseload of HL

patients and a high degree of consistency in semen analysis, as all parameters were assessed in the same laboratory. Following the azoospermia

induced by different chemotherapeutic protocols, spermatogenesis may take several years to recover. Awareness of this issue will enable

oncologists to better inform patients about the possibility of recovering fertility post-treatment and also demonstrates the importance of

semen cryobanking before beginning any cancer treatment.

STUDY FUNDING/COMPETING INTEREST(S): Supported by a grant from the Italian Ministry of Education and Research
(MIUR-PRIN) and the University of Rome ‘La Sapienza’ Faculty of Medicine. The authors have no conflicts of interest.
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Introduction

The treatment of Hodgkin’s lymphoma (HL) has advanced considerably
in recent decades. The improved survival rates make it ever more im-
portant to find treatments that induce fewer and less severe side
effects, thus improving quality of life. The ABVD protocol, introduced
in the mid-70s (Bonadonna et al., 1975), soon became the standard of
care for the treatment of HL. It was preceded by the hybrid protocols
OPP/ABVD and COPP/ABVD, now almost completely abandoned.
Most recently, the BEACOPP protocol was introduced by the German
Hodgkin Study Group (GHSG); it has different active substances
and a substantial increase in dose-density compared with ABVD. The
BEACOPP protocol was shown to improve the control of neoplasia
and increased survival at 10 years by |1% in comparison with the
COPP/ABVD protocol. The GHSG therefore recommended the
BEACOPP protocol as the new standard of care for suitable patients
with advanced HL. However, the BEACOPP protocol is associated
with greater toxicity than ABVD or hybrid protocols and can induce
acute haematological and non-haematological toxicity, secondary
tumours and infertility (Federico et al., 2009; Viviani et al., 201 1).

Given their youth, men with HL must be informed about the risk of
temporary or permanent sterility, as they may still wish to father children
in the future. However, there is conflicting evidence in the literature
regarding their potential fertility. Some studies found pretreatment
semen quality to be significantly lower than that of healthy subjects,
with a decline in fertility of 20—70% (Hallak et al., 2000; Rueffer et al.,
2001). Others (Marmor et al., 1986; Padron et al., 1997; Tal et dl.,
2000; Gandini et al., 2003) found that, on average, HL patients showed
quantitatively and qualitatively normal spermatogenesis.

The effect of antineoplastic treatment protocols on the incidence and
degree of any testicular dysfunction depends on various factors, including
the type of treatment and cumulative dose, etc. Many chemotherapeutic
agents can induce depletion of the germ line or halt spermatogonial dif-
ferentiation. Most chemotherapy drugs are cell cycle-specific and there-
fore are more cytotoxic for cell systems that proliferate mostactively. Itis
also important to remember that disease progression is not always pre-
dictable, and that patients initially treated with less aggressive agents may
later undergo more gonadotoxic treatments (Gandini et al., 2006; Trott-
man et al., 2007).

Given the above, the aim of this study was: (i) to assess the pretreat-
ment quality of spermatogenesis in a large caseload of HL patients and
identify any differences in semen parameters in relation to age and clinical
stage; (ii) to assess, through a retrospective longitudinal study, the effect
of different chemotherapy protocols (ABVD, BEACOPP and other
combined chemotherapy protocols) on semen parameters. Another

important aim was to analyse any chemotherapy-induced azoospermia,
its duration and any recovery of spermatogenesis, even several years
after the end of the chemotherapy, to establish if dose or treatment
type are risk factors for azoospermia.

Materials and Methods

Patients

The study was approved by the University of Rome ‘La Sapienza’ institutional
review board. Written informed consent was obtained from all participants.
Atotal of 810 HL patients attended our Seminology Laboratory Sperm Bank
between 1996 and 2014 for semen cryobanking before beginning treatment.
We analysed the pre-therapy semen parameters of 519 of these patients, as
they had been entered in a computerized data management system and were
thus readily analysable. We also carried out a retrospective longitudinal study
of semen quality against therapy type. As not all patients agreed to undergo
follow-up post-treatment semen testing for various reasons (forgot, not
interested, cured, moved away, too stressful), we assessed the 244 patients
who did consent. We divided patients into two groups. Group A consisted of
202 out of 519 patients studied pre- and post-ABVD/Radiotherapy (RT)
(according to Canellos et al., 2009; Eich et al., 2010; Engert et al., 2010), at
TO (before beginning cancer treatment) and 6 (T6), 12 (T12) and 24 (T24)
months after the end of treatment. Specifically, 202 patients were evaluated
atTO, 123 patientsat T6, 126 at T12and | 15atT24. These patients all under-
went a baseline semen examination and more than two post-treatment ana-
lyses between T6 and T24.

Group B consisted of 42 patients who underwent escalated BEACOPP
(doses according to Diehl et al., 1998; Skoetz et al., 2013), COPP/ABVD
(doses accordingto Diehletal., 1998), OPP/ABVD or MOPP (doses accord-
ing to Santoro et al., 1987) protocols and inguinal RT.

Semen analysis

Semen samples were collected by masturbation directly into a sterile plastic
container after 2—7 days of sexual abstinence and examined by optical micro-
scope according to World Health Organization (WHO) criteria (WHO, 1992,
1999, 2010). The following variables were assessed: sperm concentration (n x
10°/ml), total sperm number (n x 10%/ejaculate), progressive motility (%)
and morphology (% abnormal forms). In cases of azoospermia (no sperm in
the ejaculate), the analysis was performed twice and the diagnosis was made
only after having carefully checked the entire post-centrifuge pellet.

Statistical analysis

All quantitative results are expressed as mean, SD and median. The pre-
treatment semen parameters of the 504 HL patients were categorized by
age (13-17, 18-29, 30—39, 40-51 years) and stage (I-Il and llI-1V). The
Kolmogorov—Smirnov test was used to evaluate the normal distribution of
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allvariables. As some semen parameters were not normally distributed, non-
parametric tests (Mann—Whitney, Wilcoxon’s signed-rank test) for paired
and unpaired data were used to evaluate the differences between two
mean values. Multivariate analyses (ANOVA, logistic regressions) were per-
formed for total sperm number, progressive motility, abnormal forms pre-
treatment and the independent variables included in the model (age, stage
and general symptoms).

Any statistically significant differences in pre- and post-treatment semen
parameters were then investigated. Semen parameters were compared at
TO/T6,TO/T12and TO/T24 months. All statistical analyses were performed
using GraphPad Prism v.5 (GraphPad Software, Inc., La Jolla, CA, USA).
A two-tailed P < 0.05 was considered statistically significant.

The effect at T6 of the number of ABVD cycles (2—4 versus 6—8 cycles) on
spermatogenesis was also evaluated, calculating the relative efficacy for total
sperm number X as (Xt—X0)/ X0, where X0is the pre-therapy value and Xtis
the total sperm number at time T6. Multivariate analyses (ANOVA, logistic
regressions) were performed for total sperm number at Té and the inde-
pendent variables included in the model (treatment, stage, age and total
sperm number at TO).

Results

Semen quality before cancer treatment

The semen parameters of 519 HL patients who cryobanked sperm at the
Seminology Laboratory Sperm Bank were evaluated pretreatment.
Fifteen patients (2.9%) were azoospermic (mean age 27.1 + 3.9
years); nine of these had Stage |—II HL and six had Stage Ill HL. The azoo-
spermic patients were excluded from the statistical analysis, which was
therefore performed on 504 patients. Table | shows the mean, SD and
median for age and semen parameters for the 504 HL patients before
treatment and broken down for the 454 adults and 50 adolescents.
These parameters were all normal according to the WHO (2010)
values. All patients were divided into two subgroups according to total
sperm number, as an index of sperm testicular production, using the
5th percentile (total sperm number <39 x 10°) as the cut-off (WHO,
2010). A total of 25% of HL patients had impaired spermatogenesis,
while 75% had a normal total sperm number.

We also assessed the impact of age and clinical stage on semen quality.
The 504 HL patients were divided into four subgroups by age: 13—17

years (50 patients, 9.9%), 18—29 years (284 patients, 56.3%), 30—39
years (142 patients, 28.2%) and 40—51 years (28 patients, 5.6%). The
comparative statistical analysis revealed a significantly lower ejaculate
volume and lower total sperm number in the 13—17 year age group in
comparison with the other groups (P < 0.05) (Fig. |). However, it
should be stressed that the mean semen parameters for all groups
were normal according to WHO (2010).

Patients were also classified by clinical stage where available (276/504
patients), as shown in Fig. 2. The absence (A) or presence (B) of general
symptoms (fever, weight loss, night sweats) was also considered.

Figure 3 shows the pretreatment semen parameters for the 276 HL
patients subdivided by stage (early and late). Stage |-l patients were sig-
nificantly older than Stage IlI-IV patients (27.5 + 6.6 versus 26.2 + 7.4
years, P < 0.05), while the semen volume (3.2 + [.7 versus 2.6 +
[.5ml, P<0.01) and total sperm number (193.8 + 173.2 versus
146.1 + 161.3 x 10%/¢ejaculate, P < 0.01) were significantly lower in
the more advanced stages compared with the early stages, respectively.
There were no significant differences for the other parameters. Here
too, it should be stressed that the mean semen parameters for both
groups were normal according to WHO (2010).

We also analysed any differences in semen quality in relation to
the absence (A) or presence (B) of general symptoms, finding a sig-
nificantly lower sperm concentration, total sperm number and pro-
gressive motility and a significantly higher percentage of abnormal
forms in Stage |-l B versus |-l A (P <0.01) (Fig. 4). In contrast,
there were no significant differences between A and B for Stages Ill—
IV, suggesting that systemic symptoms may have a negative effect
on semen quality only in the earlier stages. To verify the effect of
age, stage and general symptoms on semen quality, we conducted a
multivariate analysis, which revealed that the quality of spermato-
genesis was affected by general symptoms only (total sperm number
r? =0.038; P < 0.001, progressive motility r> = 0.037; P < 0.001,
abnormal forms r? = 0.024; P < 0.01).

Semen quality after cancer treatment

A retrospective longitudinal study was carried out to evaluate the effects
of the antineoplastic treatment on semen quality. The patients were
divided into two groups (A and B).

Tablel Age and pretreatment semen parameters (mean + SD and median) for all patients with HL and according to age,

excluding azoospermic patients.

Patients Age Volume Sperm concentration = Total sperm number  Progressive Abnormal
(years) (ml) (n x 10¢/ml) (n x 10%ejaculate) motility (%) forms (%)

All, n =504 Mean +SD 267 +72 29+ 1.6 62.3 +59.8 1734 £ 189.2 382+ 18.0 758 + 129
(13-51 years)

Median 26.0 2.8 48.0 123.3 45.0 75.0
Adults, n = 454 Mean +SD 279+ 6.6 3.1+ 1.6 62.2 + 587 181.9 £ 195.1 380+ 182 759+ 13.0
(18-51 years)

Median 28.0 2.8 48.0 135.5 45.0 75.0
Adolescents,n=50 Mean+SD 158+ I.1 18+ 13 63.7 + 69.9 96.8 + 94.7 39.6+ 153 749+ 11.9
(13—17 years)

Median 16.0 1.3 51.5 72.0 45.0 74.5
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Figure 1 Comparison of mean pretreatment semen parameters of 504 HL patients by age group. Data are presented as mean/SD bars. *P < 0.05,

P < 0.01, ¥*P < 0.001, n.s., not significant (Mann—Whitney test).
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Figure 2 HL patients classified by clinical stage and absence (A) or presence (B) of symptoms.

Group A

Group A consisted of 202 patients (mean age 27.3 + 6.8 years) who had
undergone standard ABVD cycles of 28 days, with administration on
Days | and 15. All patients underwent from two to eight ABVD cycles
followed by involved field or mantle field radiation, with a total dose of
~30 Gy. None of these patients underwent inguinal RT.

The semen parameters were analysed at TO (202 patients), T6 (123),
T12 (126) and T24 (I I5 patients). Variations over time in semen para-
meters after chemotherapy are reportedin Fig. 5. There was a statistically
significant decrease in sperm concentration and total sperm number

at Téand T12 (P < 0.001; P < 0.01, respectively). There was a signifi-
cant drop in progressive motility (P << 0.001) and a significant increase
in abnormal forms (P < 0.01) at T6. No differences in sperm concentra-
tion, total sperm number and abnormal forms at TO and T24 were
observed, indicating that sperm quality had returned to pre-therapy
values. Further significant improvements in progressive motility were
found at T24 (P < 0.001). No significant differences in ejaculate volume
were found at any follow-up examination. Semen evaluation at T6, T12
and T24 showed that the impact on sperm parameters was most signifi-
cant 6 months after the end of ABVD therapy. No azoospermic patient
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Figure 3 Comparison of mean pretreatment semen parameters of the 276 HL patients (excluding azoospermic patients) by stage (I-Il and IlI-1V).

Data are presented as mean/SD bars. *P < 0.05, **P < 0.01, n.s., not significant (Mann—Whitney test).
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Figure 5 Variation over time in pre- and post-ABVD treatment semen parameters (n = 202 patients). Data are presented as mean/SD bars. ABDV,
doxorubicin, bleomycin, vinblastine and dacarbazine. **P < 0.01, **P < 0.001, n.s., not significant (Mann—Whitney test). TO, before beginning cancer
treatment; T6, 6 months after the end of treatment; T 12, |12 months after the end of treatment; T24, 24 months after the end of treatment.

Table Il Decrease in total sperm number (mean + SD) from TO0 to Té against number of treatment cycles.

Group Patients (n) Total sperm number (n X I06) RD P-value
TO Té

L: 2—4 ABVD cycles 51 2144+ 2123 1142 +103.9 —46.7 <0.0001

H: 6—8 ABVD cycles 71 197.6 + 196.5 78.5 + 87.1 —60.3 <0.0001

P-value 0.5147 0.0202

RD, relative difference.

Mann—Whitney test.

L, low cycle group; H, high cycle group.

ABVD, doxorubicin, bleomycin, vinblastine and dacarbazine.

TO, before beginning cancer treatment; T6, 6 months after the end of treatment.

was observed at T6, T12 or T24, except for one patient who was cryp-
tozoospermic at TO and azoospermic 6 months after six ABVD cycles;
however, sperm quality had recovered at T12 (1.0 x 10%/ejaculate)
and T24 (7.5 x 10°/ejaculate).

Total sperm number as an index of testicular sperm production was
also considered, using >39 x IOE’/ejaculate as the cut-off (WHO,
2010). At the baseline, 82.2% of patients had a total sperm number
>39 x 10%/ejaculate. By T6, this had dropped to 67.5%, while at T12
and T24, values were similar to the baseline, at 83.3 and 90.4%. Sperm-
atogenesis recovery was also evaluated against the number of ABVD
cycles, considering the variation in total sperm number at T6 (lowest
value) against TO. A total of 51 patients underwent 2—4 cycles (low
cycle group, L) and 71 patients had 6—8 cycles (high cycle group, H).
The mean total sperm number at TO was 190.3 + 181.5 x 10° for
Group L and 197.2 + 186.0 x 10° for Group H, dropping significantly
at T6 for both groups. The magnitude of the decrease was assessed by
calculating the relative difference (RD). Comparison at T6 revealed a
greater post-treatment drop in total sperm number for Group H than
for Group L (RD 60.3 versus 46.7%, P < 0.05) (Table Il). These results
suggest that the effect on sperm quality is more marked with a greater
number of cycles.

Given that the treatment depends on the stage of the disease, we con-
ducted a multivariate analysis of the effect of age, stage and number of
cycles. This revealed that spermatogenesis was affected by the number
of treatment cycles only (* = 0.034; P < 0.05).

Group B

Group B consisted of 42 HL patients (mean age 27.0 + 7.1 years)
who underwent other treatments. All patients underwent an annual
semen analysis for a varying number of years, beginning at 6 months
post-treatment.

BEACOPP group
This consisted of 16 out of 42 patients who underwent the BEACOPP
protocol. Of these, three Stage lI-Ill patients (mean age 27.3 + 7.1

years) recovered spermatogenesis 3 years (| patient) and 4 years
(2 patients) after the end of the treatment. These patients had undergone
a low number of cycles [2 cycles (| patient) and 4 cycles (2 patients)].

The remaining |13 patients, with Stage II-IV (mean age 29.0 + 7.1
years), who had undergone a greater number of cycles [6 cycles
(5 patients) and 8 cycles (8 patients)], were still azoospermic 3 years
(6 patients), 5 years (5 patients) and |0 years (2 patients) after the end
of therapy.

Combined chemotherapy group
This consisted of |3 out of 42 patients who underwent ABVD/COPP or
OPP or MOPP protocols.

Of these, four Stage II1-Ill patients (meanage 17.3 + 4.9 years) recov-
ered spermatogenesis 3 years (2 patients), 4 years (| patient) and 5 years
(I patient) after the end of the treatment; these patients had undergone
two MOPP cycles (| patient) or four (I patient) or five COPP/ABVD
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cycles (2 patients). The nine Stage IlI-1V patients (mean age 24.6 + 6.2
years) who underwent six OPP/ABVD (5 patients) or six COPP/ABVD
cycles (4 patients) were still azoospermic 5 years (| patient), 8 years (4
patients) and | 6 years (4 patients) after the end of therapy.

The recovery of testicular function in patients undergoing BEACOPP,
OPP/ABVD or COPP/ABVD protocols was mainly dependent on the
number of cycles. The semen quality of those patients who recovered
testicular function after both BEACOPP protocol and combined
therapy was highly impaired and below the lower limit of WHO refer-
ence values (WHO, 2010). The mean semen values and SDs for
the seven patients who recovered spermatogenesis were as follows:
pre-therapy: total sperm number | 17.7 + 123.5 x 10%/ejaculate, pro-
gressive motility 43.6 + 10.3%, abnormal forms 74.6 + 4.1%; post-
therapy: total sperm number 0.8 + 1.2 x 10%/ejaculate, progressive
motility 3.6 + 2.4%, abnormal forms 97.1 + 2.7%.

RT group

Thirteen out of 42 (mean age 31.5 + 8.8 years) patients underwent
ABVD (2-6 cycles) followed by inguinal irradiation (30—40 Gy). Most
of these patients were azoospermic at 6 months.

Eleven out of |3 Stage |—Ill patients recovered spermatogenesis at dif-
ferent times, namely 6 months (3 patients), | year (2 patients), 2 years (2
patients), 3 years (3 patients) and 5 years (| patient) after the end of
therapy. The semen quality of these patients was highly impaired, with
the mean semen values and SDs as follows: pre-therapy: total sperm
number 229.6 + 212.6 x 10%/ejaculate, progressive motility 43.6 +
17.2%, abnormal forms 72.9 + 13.6%; post-therapy: total sperm
number 6.3 + | 1.4 x 10%/ejaculate, progressive motility 9.1 + 13.0%,
abnormal forms 91.6 + 10.5%.

Two out of |3 Stage lI-Ill patients were still azoospermic 3 years
after the end of the therapy.

Discussion

The improvement in treatments for HL has led to a survival rate of above
909%. This improved survival may, depending on the treatment, be ac-
companied by a variety of medical problems including impaired female
and male gametogenesis (Henry-Amar, 1996). The gonadotoxic effect

of the treatment is considered a major cause of male infertility, even
though some studies have identified spermatogenesis impairment
caused by the lymphoma itself.

Semen quality before cancer treatment

The evidence in the literature points to varying degrees of semen quality
impairment in HL patients prior to treatment. Some studies (Marmor
et al., 1986; Padron et al., 1997; Fitoussi et al., 2000; Tal et al., 2000;
Gandini et al., 2003) found normozoospermia in more than 50% of HL
patients, while others found a high degree of impaired spermatogenesis
(Viviani et al., 1991; Rueffer et al., 2001; Sieniawski et al., 2008; Van der
Kaaij et al., 2009) (Table Ill). There are various other studies that we did
not include in this table, because some assess testicular function using
only hormone values (van der Kaaij et al., 2007), while others report
only mean semen parameters without indicating the percentage of
normal sperm production (Bizet et al., 2012).

In any case, it should be stressed that most studies of semen quality in
HL patients were carried out on relatively small, disparate caseloads, or
with larger cohorts that originated from multicentre studies and for
whom semen analyses were carried out by different laboratories that
did not always take all semen parameters into consideration. In contrast,
this study, which is the largest caseload reported to date, analysed the
pretreatment semen parameters of all the recruited HL patients in the
same laboratory.

The mean pretreatment semen parameters of the 519 HL patients
were normal according to WHO (2010). Only 25% were oligozoosper-
mic, and 2.9% azoospermic. The present study thus found a low level of
abnormal spermatogenesis, confirming the results previously reported
by the same team (Gandini et al., 2003). There was also a significant re-
duction in semen volume and total sperm number in the youngest
patients (13— 17 years); however, this might be because these patients
had not yet reached sexual maturity, rather than due to the disease
itself (Tinggaard et al., 2012). As noted above, in any case, the mean
semen parameters for this group were normal according to WHO

(2010).
A comparison of semen parameters in relation to clinical stage (I-I
versus [lI-IV) revealed a significantly lower volume and total sperm

number in early versus late stage patients, even though the mean for all

Table 11l Data from the literature on pretreatment semen quality in patients with HL.

Authors Year HL (n)
Marmor et al. 1986 57
Viviani et al. 1991 92
Padron et al. 1997 49
Fitoussi et al. 2000 94
Taletal. 2000 25
Rueffer et al. 2001 158
Gandini et al. 2003 110
Sieniawski et al. 2008 202
Van der Kaaij et al. 2009 474

Present study 2015 519

% of patients with normal
total sperm number

Azoospermia (%)

66.6 7.0
33.0 /
63.0 /
53.0 5.0
72.7 /
30.0 8.0
755 3.6
20.0 1.0
41.0 3.0
75.0 29
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semen parameters in both groups was within normal limits. To evaluate
the effect of systemic symptoms on semen quality, we compared patients
in Group A (no symptoms) and Group B (presence of symptoms), finding
a significantly lower sperm concentration, total sperm number and
progressive motility and a significant higher percentage of abnormal
forms in Group Il B versus |-l A. For patients with a more advanced
stage (Ill-1V), there were no significant differences between Groups A
and B. Systemic symptoms may therefore affect semen quality in
earlier stages only, whereas in advanced stages, the diminished semen
quality could mainly be due to disease progression rather than to the
symptoms. These data confirm, in a much larger caseload, the results
obtained in a previous study by the same authors (Gandini et dl.,
2003), and seem to suggest a higher percentage of normozoospermic
patients than found in some other studies.

Semen quality after cancer treatment

Chemotherapy and RT are the main approaches to treating HL and have
improved long-term survival. Their various consequences include
reports of impaired spermatogenesis. The impact on spermatogenesis
depends on the type of treatment. Chemotherapy induces the depletion
or arrest of spermatogonial differentiation and mutagenesis in cells at a
later developmental stage. In contrast, RT affects the spermatogonia,
the most radiosensitive cells due to their intense mitotic activity, as
well as spermatids. Spermatids are unprotected due to the loss of their
DNA damage repair mechanisms caused by post-meiotic differentiation
and chromatin condensation (Gandini et al., 2006; Trottman et al., 2007).

Group A
The recommended regimen for HL is ABVD, an alternative hybrid
regimen. Its replacement of MOPP was a therapeutic revolution, increas-
ing survival and reducing toxicity. ABVD is less gonadotoxic, as indicated
by one of the first studies by Viviani et al. (1985) who reported 97% azoo-
spermia 6 months after the end of MOPP therapy compared with 54%
oligozoospermia after ABVD. The results of Viviani et al. (1985) have
been confirmed by more recent research demonstrating transient azoo-
spermia in a small number of patients treated with ABVD and a subse-
quent recovery of spermatogenesis |8—24 months after treatment
(Sieniawski et al., 2008; Van der Kaaij et al., 2009; Di Bisceglie et al.,
2013; Bujan et al., 2014). Comparative studies of the long-term conse-
quences of polychemotherapy revealed that non-alkylating agents
show markedly less germinal toxicity than alkylating agents (Schrader
et al., 2001), while azoospermia after treatment with ABVD varied
from O to 4% (Sieniawski et al., 2008). A limitation of all these studies
is their small caseload; furthermore, a relatively high proportion
(35.8—-61%) were lost to follow-up after treatment (Pacey et al., 2012).
Our retrospective longitudinal study comprises a large caseload of 202
HL patients who underwent semen analysis at TO and 6, 12 and 24
months after the end of ABVD treatment. Azoospermia was not found
at any observation time, except in one patient who was cryptozoosper-
mic at TO and azoospermic 6 months after six ABVD cycles; however, his
sperm quality had recovered by T12. In any case, ABVD protocols have
the most detrimental effect on spermatogenesis at T6, recoveringat T 12
and T24. As also reported by Van der Kaaij et al. (2009), we found that
even in a patient with severely impaired pretreatment spermatogenesis,
semen quality can improve after treatment with ABVD. These results
also demonstrate that the effect on semen parameters is transient,

being most marked at 6 months after the end of chemotherapy and reco-
vering at 2 years. Spermatogenesis recovery is correlated with the time
since the end of the therapy; 83.3% of patients treated with ABVD had
a normal total sperm number after |2 months and 90.4% after 24
months. Another interesting result was the effect of the number of
chemotherapy cycles on testicular sperm production, with a greater
number of cycles having a negative impact on total sperm number.

Group B

Various studies have investigated chemotherapy gonadotoxicity in HL
patients. Type B spermatogonia, which proliferate actively, are extremely
susceptible to cytotoxic agents. However, Type A spermatogonia, which
have little mitotic activity, are less affected and could survive polyche-
motherapy if threshold cumulative cytostatic doses are not surpassed.
Patients receiving high doses of alkylating agents are very likely to
become azoospermic, although spermatogenesis may recover in the
long term (Van der Kaaij et al., 2010). In fact, the effect of chemotherapy
on spermatogenesis depends essentially on the combination of agents
and the dose. Sieniawski et al. (2008) studied 71 HL patients pre- and
post-therapy, finding azoospermia in 91% of patients who had received
four cycles of COPP/ABVD and in 93% of patients who had undergone
eight cycles of BEACOPP. In this study, we found a large number
of patients (13/16) with azoospermia up to |10 years after undergoing
6—8 BEACOPP cycles, with spermatogenesis recovery 3—4 years
after the end of treatment in just 3 patients who had undergone fewer
(2—4) cycles. Testicular function also recovered after 3—5 years in the
I3 patients treated with 4—6 OPP/ABVD or COPP/ABVD cycles or
2 MOPP cycles, while 9 out of |3 patients who had undergone 6
COPP/ABVD or OPP/ABVD cycles were still azoospermic after up
to 16 years. All these regimens contain cytotoxic agents such as cyclo-
phosphamide and procarbazine. It would appear, therefore, that these
agents are mainly responsible for gonadotoxicity, as they are associated
with prolonged azoospermia and any recovery of spermatogenesis is
slow and, furthermore, semen quality is extremely impaired and below
the WHO reference values (WHO, 2010).

A limitation of this study was that the low number of patients in
this subgroup (n = 42) and varying follow-up times made it difficult to
provide conclusive information on the recovery of spermatogenesis
after BEACOPP or COPP/ABVD, OPP/ABVD or MOPP protocols or
to identify risk factors for testicular function in treated patients.
However, it can be postulated that the greater the number of cycles,
the more difficult recovery of spermatogenesis.

In conclusion, our data indicate that 75% of HL patients are normo-
zoospermic prior to treatment. Patients with more advanced disease
had poorer semen parameters than those in the earlier stages. Compari-
son of pre- and post-therapy semen parameters demonstrated that
spermatogenesis recovery depends on the therapeutic regimen used.
ABVD was most detrimental to spermatogenesis at T6, with recovery
at T12and T24; recovery of spermatogenesis thus seems to be a function
of time since the end of the therapy. In contrast, a high number of
BEACOPP, COPP/ABVD, OPP/ABVD or MOPP cycles led to perman-
ent azoospermia, while even after a low number of cycles spermatogen-
esis recovered only after 3—5 years and semen quality was highly
impaired. Awareness of this issue will enable oncologists to better
inform patients about the possibility of recovering fertility post-
treatment and also demonstrates the importance of semen cryobanking
before beginning any cancer treatment.

220z 1snbny 0z uo 1senb Aq Z|108€2/€92/2/1 € /al0ne/deIwny/wod dno-oiwspese//:sdiy Wolj papeojumoq



Semen quality and Hodgkin’s lymphoma

271

Acknowledgements

The authors wish to thank Marie-Hélene Hayles for her assistance in the
English translation of the manuscript.

Authors’ roles

The trial was conceived and designed by DP and LG. Semen analysis was
performed by LG. The article was written by: DP and LG. Data acquisi-
tion and statistical analysis was performed by GF, FR and FP. Critical
review of the paper was performed by AP, GA, FL and AL.

Funding

This work was supported by a grant from the Italian Ministry of Education
and Research (MIUR-PRIN) and the University of Rome ‘La Sapienza’
Faculty of Medicine.

Conflict of interest

The authors have no conflicts of interest.

References

Bizet P, Saias-Magnan |, Jouve E, Grillo JM, Karsenty G, Metzler-Guillemain C,
Perrin J. Sperm cryopreservation before cancer treatment: a |5-year
monocentric experience. Reprod Biomed Online 2012;24:321-330.

Bonadonna G, Zucali R, Monfardini S, De Lena M, Uslenghi C. Combination
chemotherapy of Hodgkin’s disease with adriamycin, bleomycin,
vinblastine, and imidazole carboxamide versus MOPP. Cancer 1975;
36:252-259.

Bujan L, Walschaerts M, Brugnon F, Daudin M, Berthaut |, Auger J, Saias |,
Szerman E, Moinard N, Rives N et al. Impact of lymphoma treatments
on spermatogenesis and sperm deoxyribonucleic acid: a multicenter
prospective study from the CECOS network. Fertil Steril 2014;
102:667-674.

Canellos GP, Niedzwiecki D, Johnson JL. Long-term follow-up of survival in
Hodgkin’s lymphoma. N Engl | Med 2009;361:2390-2391.

Di Bisceglie C, Bertagna A, Composto ER, Lanfranco F, Baldi M, Motta G,
Barberis AM, Napolitano E, Castellano E, Manieri C. Effects of oncological
treatments on semen quality in patients with testicular neoplasia or
lymphoproliferative disorders. Asian | Androl 2013;15:425-429.

Diehl V, Franklin ], Hasenclever D, Tesch H, Pfreundschuh M, Lathan B,
Paulus U, Sieber M, Rueffer JU, Sextro M et al. BEACOPP, a new
dose-escalated and accelerated regimen, is at least as effective as
COPP/ABVD in patients with advanced-stage Hodgkin's lymphoma:
interim report from a trial of the German Hodgkin’s Lymphoma Study
Group. J Clin Oncol 1998;16:3810—-3821.

Eich HT, Diehl V, Gérgen H, Pabst T, Markova ], Debus ), Ho A, Dérken B,
Rank A, Grosu AL et al. Intensified chemotherapy and dose-reduced
involved-field radiotherapy in patients with early unfavorable Hodgkin’s
lymphoma: final analysis of the German Hodgkin Study Group HDI |
trial. | Clin Oncol 2010;28:4199—-4206.

Engert A, Pliitschow A, Eich HT, Lohri A, Dorken B, Borchmann P, Berger B,
Greil R, Willborn KC, Wilhelm M et al. Reduced treatment intensity in
patients with early-stage Hodgkin’s lymphoma. N Engl | Med 2010;
363:640—-652.

Federico M, Luminari S, lannitto E, Polimeno G, Marcheselli L, Montanini A,
La Sala A, Merli F, Stelitano C, Pozzi S et al. ABVD compared with
BEACOPP compared with CEC for the initial treatment of patients with

advanced Hodgkin’s lymphoma: results from the HD2000 Gruppo
Italiano per lo Studio dei Linfomi Trial. | Clin Oncol 2009;27:805-81 1.

Fitoussi A, Eghbali H, Tchen N, Berjon JP, Soubeyran P, Hoerni B. Semen
analysis and cryopreservation before treatment in Hodgkin’s disease.
Ann Oncol 2000; 1 1:679—684.

Gandini L, Lombardo F, Salacone P, Paoli D, Anselmo AP, Culasso F,
Dondero F, Lenzi A. Testicular cancer and Hodgkin’s disease: evaluation
of semen quality. Hum Reprod 2003;18:796—801.

Gandini L, Sgro P, Lombardo F, Paoli D, Culasso F, Toselli L,
Tsamatropoulos P, Lenzi A. Effect of chemo-or radiotherapy on sperm
parameters of testicular cancer patients. Hum Reprod 2006;21:882—889.

Hallak J, Mahran AM, Agarwal A. Characteristics of cryopreserved semen
from men with lymphoma. J Assist Reprod Genet 2000;17:59 1 —594.

Henry-Amar M. Hodgkin’s disease. Treatment sequelae and quality of life.
Baillieres Clin Haematol 1996;9:595—-618.

Marmor D, Elefant E, Dauchez C, Roux C. Semen analysis in Hodgkin’s
disease before the onset of treatment. Cancer 1986;57:1986—1987.

Pacey AA, Merrick H, Arden-Close E, Morris K, Barton LC, Crook AJ,
Tomlinson MJ, Wright E, Rowe R, Eiser C. Monitoring fertility (semen
analysis) by cancer survivors who banked sperm prior to cancer
treatment. Hum Reprod 2012;27:3132-3139.

Padron O, Sharma RK, Thomas AJ, Agarwal A. Effects of cancer on
spermatozoa quality after cryopreservation: a |2-year experience. Fertil
Steril 1997;67:326-331.

Rueffer U, Breuer K, Josting A, Lathan B, Sieber M, Manzke O,
Grotenhermen FJ, Tesch H, Bredenfeld H, Koch P et al. Male gonadal
dysfunction in patients with Hodgkin’s disease prior to treatment. Ann
Oncol 2001;12:1307—1311.

Santoro A, Bonadonna G, Valagussa P, Zucali R, Viviani S, Villani F,
Pagnoni AM, Bonfante V, Musumeci R, Crippa F et al. Long-term results
of combined chemotherapy-radiotherapy approach in Hodgkin’s
disease: superiority of ABVD plus radiotherapy versus MOPP plus
radiotherapy. J Clin Oncol 1987;5:27-37.

Schrader M, Miiller M, Straub B, Miller K. The impact of chemotherapy on
male fertility: a survey of the biologic basis and clinical aspects. Reprod
Toxicol 2001;15:61 1-617.

Sieniawski M, Reineke T, Josting A, Nogova L, Behringer K, Halbsguth T,
Fuchs M, Diehl V, Engert A. Assessment of male fertility in patients with
Hodgkin’s lymphoma treated in the German Hodgkin Study Group
(GHSG) clinical trials. Ann Oncol 2008;19:1795—1801.

SkoetzN, Trelle S, Rancea M, Haverkamp H, Diehl V, Engert A, Borchmann P.
Effect of initial treatment strategy on survival of patients with
advanced-stage Hodgkin’s lymphoma: a systematic review and network
meta-analysis. Lancet Oncol 2013;14:943—-952.

Tal R, Botchan A, Hauser R, Yogev L, Paz G, Yavetz H. Follow-up of sperm
concentration and motility in patients with lymphoma. Hum. Reprod
2000;15:1985—-1988.

Tinggaard J, Mieritz MG, Serensen K, Mouritsen A, Hagen CP, Aksglaede L,
Wohlfahrt-Veje C, Juul A. The physiology and timing of male puberty. Curr
Opin Endocrinol Diabetes Obes 2012;19:197-203.

Trottmann M, Becker A}, Stadler T, Straub J, Soljanik I, Schlenker B, Stief CG.
Semen quality in men with malignant diseases before and after therapy and
the role of cryopreservation. Eur Urol 2007;52:355-367.

van der Kaaij MA, Heutte N, Le Stang N, Raemaekers |M, Simons AH,
Carde P, Noordijk EM, Fermé C, Thomas |, Eghbali H et al. Gonadal
function in males after chemotherapy for early-stage Hodgkin’s lymphoma
treated in four subsequent trials by the European Organisation for
Research and Treatment of Cancer: EORTC Lymphoma Group and the
Groupe d’Etude des Lymphomes de [I'Adulte. | Clin Oncol 2007;
25:2825-2832.

van der Kaaij MA, Heutte N, van Echten-Arends |, Raemaekers JM, Carde P,
Noordijk EM, Fermé C, Thomas J, Eghbali H, Brice P et al. Sperm quality

220z ¥snbny oz uo 3senb Aq z1108¢z/£92/2/1L.g/eome/daiwny/wod dno olwepede//:sdiy woly peapeojumoq



272

Paoli et al.

before treatment in patients with early stage Hodgkin’s lymphoma
enrolled in EORTC-GELA Lymphoma Group trials. Haematologica 2009;
94:1691—-1697.

van der Kaaij MA, van Echten-Arends ], Simons AH, Kluin-Nelemans HC.
Fertility preservation after chemotherapy for Hodgkin lymphoma.
Hematol Oncol 2010;28:168—179.

Viviani S, Santoro A, Ragni G, Bonfante V, Bestetti O, Bonadonna G.
Gonadal toxicity after combination chemotherapy for Hodgkin’s disease.
Comparative results of MOPP vs ABVD. Eur | Cancer Clin Oncol 1985;
21:601-605.

Viviani S, Ragni G, Santoro A, Perotti L, Caccamo E, Negretti E, Valagussa P,
Bonadonna G. Testicular dysfunctionin Hodgkin’s disease before and after
treatment. Eur | Cancer 1991;27:1389—1392.

Viviani S, Zinzani PL, Rambaldi A, Brusamolino E, Levis A, Bonfante V,
Vitolo U, Pulsoni A, Liberati AM, Specchia G et al. ABVD versus
BEACOPP for Hodgkin’s lymphoma when high-dose salvage is planned.
N Engl | Med 201 1;21:203-212.

World Health Organization WHO. Laboratory Manual for the Examination of
Human Semen and Semen-Cervical Mucus Interaction, 3rd edn. Cambridge:
Cambridge University Press, 1992.

World Health Organization WHO. Laboratory Manual for the Examination of
Human Semen and Semen-Cervical Mucus Interaction, 4th edn. Cambridge:
Cambridge University Press, 1999.

World Health Organisation WHO. Laboratory Manual for the Examination and
Processing of Human Semen, 5th edn. Geneva, Switzerland: WHO Press,
2010.

220z ¥snbny oz uo 3senb Aq z1108¢z/£92/2/1L.g/eome/daiwny/wod dno olwepede//:sdiy woly peapeojumoq



