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Purpose: This retrospective cohort study assessed semen and testicular tissue quality from adult and adolescent cancer patients who
had samples cryopreserved in the Cryobank of Charité-Universitdtsmedizin before and/or after cancer treatment.

Methods and Materials: Medical and cryopreservation data for all samples stored between 03/2004 and 05/2019 were collected
retrospectively.

Results: We included information on 601 samples cryopreserved from 506 cancer patients for whom oncologic treatment data were
available. The majority of the samples were cryopreserved prior to cancer treatment (460/600, 77%, median 5 days before treatment). Semen
quality had a predisposed reduction in those collected from adolescents with testicular and/or hematological malignancies. Analyses of the
140 (23%) samples cryopreserved after treatment initiation (median of 84 days) revealed decreased median concentration and motility
following high gonadotoxic-risk treatment. Rate of oligoasthenozoospermia was comparable in samples collected prior to treatment with
those provided during follow-up spermiograms within 1 year after treatment initiation (45.5% vs 45.5%). However, an increase was seen in
samples collected 1-2 (9.1% to 90.9%) and 2-3 (50.0% to 100.0%) years after treatment initiation.

Conclusion: Cancer diagnosis and treatment may impair spermatogenesis; therefore, patient counseling prior to cancer treatment by
an oncologist and/or fertility specialist is crucial.

Keywords: cancer, fertility preservation, adolescent, men

Introduction

The majority of male cancer patients express the wish to have (prospective) biological children.! However, cancer
diagnosis and therapy can damage fertility, potentially making it impossible to fulfil this wish.?> * In males, direct damage
of germinal cells and/or dysfunction of endocrine/paracrine control may result in impaired spermatogenesis, which may
be reversible, but more likely persists permanently.” Disruption of spermatogenesis may present as reduced sperm count,
loss of motility, and/or morphological abnormalities.” The effects of gonadotoxic treatments depend on a variety of
factors including patient age, type, cumulative dosage and/or combination of chemotherapeutic agents administered, site
and dosage of irradiation, the potential synergic interaction of radio-/chemotherapy, site and type of surgery, as well as
treatment duration.’

Due to the sensitivity of rapidly dividing spermatogonia, they may be impaired or destroyed by chemotherapy,
particularly by regimens containing alkylating agents, which may lead to azoospermia.*® A decrease in sperm concen-
tration may occur within two months after treatment initiation.” Recovery of spermatogenesis (at earliest 12 weeks after
end of therapy) depends on survival and differentiation of spermatogonial stem cells, varying with alkylating agent use
and dosage.' Radiotherapy in the urogenital area may also disrupt spermiogenesis, potentially causing azoospermia after
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18 weeks.'? If spermatogonial stem cells are affected, it is questionable whether spermiogenesis will recover (repopula-
tion of stem cells) after completion of therapy (after 9 months at earliest), or whether irreversible azoospermia (total dose
of >2.5 Gray (Gy) or single dose >6 Gy in adults and total dose >4 Gy in younger patients) has to be expected.'’ '
Sperm quality may, however, already be impaired at diagnosis; azoospermia was found in 3—14% of patients with
Hodgkin’s disease or testicular cancer at the time of diagnosis.'>'*

To enable patients to fulfil their wish for prospective parenthood, despite being at risk for infertility, the use of fertility
preservation (FP) prior to treatment can be crucial.'>'® Cryopreservation of sperm and/or testicular tissue is standard care
for FP for adults and pubertal adolescents with cancer.'” While long-term cryopreservation of up to 12 years does not
seem to negatively influence sample quality,'® only 50% of motile sperm were shown to survive the freeze—thaw
process.'” In the event of azoospermia, there remains a 44% chance of finding vital sperm in testicular tissue collected
by biopsy for testicular sperm extraction (TESE).2’ When completed by intracytoplasmatic sperm injection (ICSI), live
birth rates following TESE in cancer patients are 40% per couple per single ovarian hyperstimulation.”' Therefore, in the
event of azoospermia or if sperm banking is not possible, testicular tissue cryopreservation for TESE can be an effective

FP option.?!

Objective

We examined the quality of semen and testicular tissue collected by biopsy for future TESE in a cohort of adolescent and
adult cancer patients. Samples had been cryopreserved at the Charité-Universitdtsmedizin Berlin, Germany from 03/2004
to 05/2019 prior to, and/or following the start of cancer treatment.

Materials and Methods
Study Population and Data Collection

From 01/2020 to 09/2021, we used hospital records to retrospectively collect medical and cryopreservation data
associated with samples stored in the cryobank of the Charité-Universitidtsmedizin Berlin (Clinic of Urology) from 03/
2004 to 05/2019. We identified 603 cancer patients whose samples had been cryopreserved during this period. Oncologic
treatment information was available for 506 (83.9%) of these patients. This study complies with the Declaration of
Helsinki. All data was documented as pseudonymised. Our study was approved by the ethics committee of the Charité-
Universititsmedizin Berlin (EA4/158/19).

Cancer Diagnosis and Therapy Groups

Cancer diagnoses were stratified as hematological cancers (leukemia or lymphoma), brain tumors, testicular tumors, and
solid tumors in other locations (non-testicular tumors). Depending on cryopreservation time points, samples were
categorized as “collected before” or “after” initiation of oncologic treatment (chemotherapy and/or radiotherapy and/or
surgery of either the brain, pelvis, or testes). According to previous guidelines,®'' cancer treatment groups were defined
as high, medium, low, or without increased gonadotoxic risk for adolescent cancer patients (<18 years old) and high/
medium, low, and without increased gonadotoxic risk for adult cancer patients (>18 years old).

Semen and Testicular Tissue Analyses and Cryopreservation

For the present analyses results of semen analyses, conducted prior to cryopreservation, were evaluated according to the
World Health Organization (WHO) recommendations of 2010" assessing volume (mL), pH value, sperm concentration
(10°/mL), total sperm count (10° per ejaculate), progressive and non-progressive motility (%), immotility (%), and
vitality (%). All parameters were routinely assessed using standard methodologies, except for the total sperm count per
ejaculate, which was calculated for each semen sample by multiplying the sperm concentration by the ejaculate volume.
Normozoospermia was defined as a sperm concentration >15 million sperm/mL or a total sperm count 39 million per
ejaculate. Patients were advised to collect additional samples in the event of low sperm counts or sample volumes below
WHO reference values.'”** Despite cryptozoospermia or azoospermia, ejaculate sediments were cryopreserved to
safeguard potentially viable sperm or upon patient demand. Patients with azoospermia were recommended to undergo
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testicular tissue cryopreservation for future TESE. Testicular tissue samples were analyzed within one hour after surgical

removal according to WHO recommendations,'**>

including number of sperm per microscopic field and motility (%). If
no sperm were found, or if the Johnsen Score (determined by a pathologist) was <7, samples were only cryopreserved

upon patient’s request.*?

Statistical Analysis

Data analysis was conducted using R, version 3.6.1. If the day of cancer diagnosis was not specified, the first day of the
corresponding month was used, and if either month or year was not specified, the data were analyzed as missing. If multiple
samples were provided, the earliest collection date was analyzed. This included multiple samples cryopreserved on the
same day, or, by the same modality, within 15 days. Follow-up time since the first cryopreservation was grouped as <1, 1-2, 2—
3, >3 years. All continuous variables are presented as mean and standard deviations (SD) or median values and interquartile
ranges (IQR). Comparisons according to treatment groups and for numerical variables were made using the one-way ANOVA
or Kruskal-Wallis test (two groups) and t-test or Wilcoxon-Mann—Whitney test (three groups), depending on the data
distribution. The Chi-square test was used to analyze categorical variables. We used Spearman’s rank correlation test to
analyze the association between sperm concentration or progressive motility and year of collection. Multiple linear regressions
were performed for sperm concentration and progressive motility, considering the covariates age at diagnosis and at
cryopreservation and year of cryopreservation. Linear mixed models were used to analyze significant results for sperm
concentration, progressive motility, or sperm diagnosis in our subgroup. While the WHO recommends the use of total sperm
count over sperm concentration when defining normozoospermia, the use of the sperm concentration also allows a grading as
mild, moderate, or severe oligoasthenozoospermia, which gives valuable information for fertility treatment outcomes. While
we present both numbers in the characteristics, we therefore focused on the use of sperm concentration for the definition of
normospermia. A p-value <0.05 was considered statistically significant.

Results

Patient Characteristics and Description of Cryopreserved Samples

Among the 506 patients who stored samples in the cryobank, the majority had been diagnosed with a testicular tumor
(n=192, 37.9%), followed by those with hematological (n=191, 37.7%), non-testicular (n=105, 20.8%), and brain
malignancies (n=18, 3.6%). Mean patient age at diagnosis was 29.4+9.1 years (range=9-71), including 53 (10.5%)
patients aged <18 years. A total of 46 (9.1%) men requested their stored samples for assisted reproductive technology
(ART) following cancer treatment. The cryobank stored 1-3 samples per patient (mean 1.2+0.4), of which 92.2% (554/
601) were sperm samples. The majority of the samples were cryopreserved prior to oncologic treatment (460/600, 76.7%)
with a median interval of 5 days (IQR=0-13). Samples that were stored following oncologic treatment initiation were
collected after a median interval of 84 days (IQR=18-693.8). Generally, we observed stable sperm concentration and
progressive motility values in adult cancer patient samples collected over the years. We observed an increase in both
sperm concentration (R?=0.034; p=0.032) and progressive motility (R>=0.37; p=0.013) in adolescent’s samples collected
after 2010; this may be due to technique precision improvement.

Semen and Testicular Tissue Quality Related to Collection Time Point and Diagnosis
Prior to oncologic treatment initiation, we observed quality reduction in semen samples from adolescents with testicular
or hematological malignancies (reduced median sperm concentration, mean vitality, and mean progressive motility)
compared to WHO reference values (Table 1). Out of the 54 adolescent semen samples, 20 (37.0%) were oligoasthe-
nozoospermic, and 3/5 (60.0%) testicular tissue samples (all collected from adolescents with a hematological malig-
nancy) showed no sperm upon microscopic examination. In adult samples cryopreserved prior to oncologic treatment,
sperm parameters were generally within WHO reference values, except for samples collected from testicular tumor
patients (reduced mean sperm concentration). Yet, only 58.3% (221/379) of all adult samples were diagnosed with
normozoospermia and 18.5% (70/379) with oligoasthenozoospermia. A quarter of adult testicular tissue samples (6/23,
26.1%) showed no sperm upon microscopic examination (Table 2). Type of cancer diagnosis most significantly
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Table | Sperm Sample Parameters Before and After Cancer Treatment Initiation, Relating to Diagnosis

Mean Volume (mL) [SD] | 1.6 [I.1] 2.1 [1.4] 0357 08 [—] 3[1.84] — 2.6 [0.5] 4] — | 3nn 4] — | 2018 26 [1.6] 0.176
(n=26) (n=7) (n=1) (n=5) (n=3) (n=1) (n=11) (n=1) (n=41) (n=13)
Mean Vitality (%) [SD] 552 [229] | 446[313] | 0479 55 [—] 68.6 [8] — | 593[105] 65.1 [144] | 285[516] | ——— | 58.1[202] | 583[21.7] | 0572
(n=27) (n=9) (n=1) (n=5) (n=3) (n=11) (n=2) (n=42) (n=16)
Median Concentration 10 146 0451 328 346 — | 78 — | 32 1.9 0.027* 232 17.6 0413
(nx10°mL") [IQR] 29515 | [1.1-327] = [34.6-69.1] [6-116.8] - [208-756] | [5.6-11.9] [3.9-56.6] [6.7-34.6]
(n=26) (n=12) (n=1) (n=5) (n=3) (n=1) (n=11) (n=5) (n=41) (n=23)
Median Total Sperm 83 146 0352 26.2 332 — | 56 — | 882 24 — | 332 29.1 0.040%
Count [3.3-61] [11-44.5] — — [174-237.6] | [ B322-1219] | [ [6.4-88.2] [15.3-48]
[IQR] (n=23) (n=6) (n=1) (n=1) (n=3) (n=1) (n=11) (n=1) (n=38) (n=8)
Median Progressive 20 30 0.197 2 43 — | 54 39 35 0.830 33 33 0.205
motility™** (%) [IQR] [7-50] [19.5-67] 321 [33-58] [36.5-56] [21.5-535] | [23-47] [10-53] [21-58]
(n=29) (n=11) (n=1) (n=5) (n=3) (=11 (n=4) (n=44) (n=20)
Normo-n (%)% 12 (40) 4(30.8) — |00 4 (100) — | 1333 0 — | 6@ I (143) — | 19(678¢) 9 (32.12) —_—
Normo-n (%) 12 (40) 4(308) 0.056 1 (100) 4 (80) — | 133 0 — | 7(639) I (20) — | 21 (466) 9 (37.5) 0.059
Oligo-/ Astheno-n (%) 4(133) 4 (30.8) 0 I (20) 1 (333) 0 2(182) I (20) 7 (15.6) 6 (25)
Moderate OA/Severe 14 (46.7) 3(23) 0 0 1 (333) I (100) 2(182) 2 (40) 17 (37.8) 6 (25)
OAn (%)
Azoospermia-n (%) 0 2 (15.4) 0 0 0 0 0 I (20) 0 3 (12.5)
Mean Volume (mL) [SD] | 2.9 [1.7] 32 [24] 0815 53[22] 41719] 0.447 3[1.6] 2.7 [4] 0.004% 29[1.7] 32 [34] 0.132 3[1.7] 3.4 [24] 0.001%
(n=142) (n=33) (n=3) (n=11) (n=148) (n=48) (n=75) (n=23) (n=368) (n=108)
Mean Vitality (%) [SD] 627 [157] | 31 [349] 0.093 643[148] | 556[292] | 082 66.6 [15.1] 545 [26.5] 0077 67.1 [149] | 49.9[22.8] | 0.005* 652[154] | 56.8[209] | <0.001*
(n=145) (n=55) (n=4) (n=11) (n=153) (n=49) (n=75) (n=20) (n=377) (n=105)
Median Concentration 354 12 <0.001* 1336 553 0336 18 7.7 0.001* 42,1 335 0.057 29.9 108 <0.001*
(nx10°mL"") [IQR] [11.6-854] | [0-37.6] [91-186.8] | [15-96.7] [7-45] [1.6-25.3] [185-88.7] | [10.1-55.5] [107-712] | [0.4-41.1]
(n=140) (n=66) (n=3) (n=10) (n=149) (n=58) (n=76) (n=22) (n=368) (n=154)
Median Total Sperm 98.7 71.2 0.062 374.1 2157 0380 54.4 368 0.888 108.8 100 0071 75.9 712 0.107
Count [27.8-261] | [1.3-0.139.2] [356.4-907] | [93.23-491] [27.283-113] | [10.4-109.4] [44.9-245] | [49.7-192] [243-199.9] | [10.6-157.6]
[IQR] (n=137) (n=33) (n=3) (n=11) (n=144) (n=44) (n=74) (n=19) (n=358) (n=107)
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Median Progressive 40 40 0.995 33 52 0.772 45 395 0.084 Py 27 0.056 43 40 0.072
motility*** (%) [IQR] [23.5-53] [20.5-54.5] [29.8-39.8] | [16-58] [25-53] [21.5-47] [27-56] [14-44] [26-53.5] [17-50]

(n=143) (n=43) (n=4) (n=9) (n=151) (n=52) (n=77) (n=21) (n=375) (n=124)
Normo-n (%) 85 (79.4) 22 (20.6) <0.001* 3 (75) 5 (45.4) 75 (87.8) 15 (12.2) <0001* | 48 (85.7) 8 (143) <0.001* | 211 (80.5) 51 (19.5) <0.001*
Normo-n (%) 89 (61.4) 25 (37.9) <0.001* 3 (75) 5 (45.4) 79 (51.6) 16 (27.6) 0.001* 50 (64.9) 8 (34.8) 0.014* 221 (583) 54 (34.2) <0.001*
Oligo-/ Astheno-n (%) 26 (17.9) 7 (10.6) I (25) 3(27.3) 41 (26.8) 18 31) 20 (26) 8 (34.8) 88 (23.2) 36 (22.8)
Moderate OA/Severe 30 (20.7) 12 (18.2) 0 3(273) 33 (21.6) 19 (32.8) 70.1) 6 (26.1) 70 (18.5) 40 (25.3)
OAn (%)
Azoospermia 0 22 (33.3) 0 0 0 5 (8.6) 0 | (43) 0 28 (17.7)

Notes: *Significant differences.**Taking into account total sperm count. *** (a+b).

Abbreviations: SD, standard deviation; n, number of samples; IQR, interquartile range; OA, Oligoasthenozoospermia; -,

Azoospermia.
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Table 2 Testicular Tissue Sample Parameters Before and After Cancer Treatment Initiation, According to Diagnosis

Diagnosis Hematological Malignancy Brain Tumor Testicular Tumor Non-Testicular Tumor Total
Age Before After Before | After Before After Before After Before After
Adolescents Samples without sperm (%) 3 (100) 2 (100) 0(0) e 0 (0) —_— 0(0) 0/l (n=1) 3 (60) 2 (66.7)
(<18 years) (n=3) (n=2) (n=0) (n=1) (n=1) (n=5) (n=3)
JS median [IQR] 7107 JR— N - 707
(n=1) (n=1)
Adults Samples without sperm (%) 1 (50) 3 (100) 0 (0) —_— 5(294) 4 (50) 0 (0) 0 (0) (n=4) 6 (26.1) 7 (46.7)
(= 18 years) (n=2) (n=3) (n=1) (n=17) (n=8) (n=3) (n=23) (n=15)
JS median [IQR] 991 —_— 8.25 [6.85-8.63] 8[8] 8.25 [8-8.9]
(n=1) (n=4) (n=1) (n=6)

Abbreviations: n, number of samples; IQR, interquartile range; JS, Johnson score.

influenced sperm concentration before treatment initiation in our regression model, whereas progressive motility
depended on the collection year (R?=0.084).

Following cancer treatment initiation, the median sperm concentration was reduced—compared to WHO reference
values in samples from adolescents and adults with testicular or hematological malignancies, and in adolescents with
non-testicular tumors. Median progressive motility was below the normal range in adolescents with hematological
malignancies, and in adults with non-testicular tumors (Table 1). Overall, 37.5% (9/24) of adolescent semen samples
collected following treatment initiation and 43.0% (68/158) of adult samples were diagnosed as oligoasthenozoospermic
or azoospermic. In adolescents, 2/3 (66.7%), and in adults, 7/15 (46.7%), of testicular tissue samples collected after
oncologic treatment initiation showed no sperm upon microscopic examination (Table 2).

When comparing adolescent sample quality in relation to collection time point, no significant differences were
revealed (Table 1), except for those from patients with testicular tumors (median sperm concentration, p=0.027).
However, in adult samples, significant differences were seen depending on collection time point and diagnosis (testicular
tumor: median concentration, p<0.001; mean volume p=0.004; hematological malignancies: p<0.001; non-testicular
tumors: mean vitality, p=0.005; Table 1). In adult samples, normozoospermia was less likely observed when collected
following oncologic treatment initiation of hematological malignancies (p<0.001), testicular tumors (p<0.001), or non-
testicular tumors (p=0.014).

Semen and Testicular Tissue Quality Related to Collection Time-Point and Treatment

Gonadotoxicity
In samples collected following oncologic treatment initiation, semen quality parameters were reduced in all gonadotoxic-
risk groups (low, medium, high) compared to samples collected following initiation of non-gonadotoxic treatment
(Table 3). This included lower values in median sperm concentration in samples from adolescents (p=0.011) and adults
(p=0.022), as well as reduced median progressive (p=0.001) and non-progressive motility (p=0.019) in adult samples. In
multiple linear regressions, type of cancer diagnosis most significantly influenced median sperm concentration
(R?=0.231), while no differences in any of the co-variables were found for progressive motility (R>=0.266).

In a subgroup analysis, semen quality from 44 patients was compared in samples that were cryopreserved prior to
oncologic treatment; a follow-up spermiogram was available from each of these patients (Supplementary Table 1 and

Figure 1A-D). Following high gonadotoxic-risk treatment, a significant decrease in median sperm concentration (from
16.6 to 0.005 x 10° mL"") and median motility (progressive sperm from 42.0% to 30.5%) was noted, while no significant
changes were found following initiation of a low gonadotoxic-risk treatment. Simultaneously, azoospermia rates were
significantly higher in follow-up samples collected after high gonadotoxic-risk treatment (p<0.05) (Supplementary Table 1

and Figure 1A-D). The rate of oligiasthenozoospermic/azoospermic samples remained stable in those who provided follow-
up spermiograms within 1 year after treatment initiation (before 45.5 vs after 45.5%), but increased in subgroups with follow-
ups 1-2 (9.1 vs 90.9%), 2-3 (50.0 vs 100.0%), and more than 3 years (37.5 vs 50.0%) after treatment initiation. In the mixed

876 hetps: Cancer Management and Research 2024:16

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=460960.docx
https://www.dovepress.com/get_supplementary_file.php?f=460960.docx
https://www.dovepress.com
https://www.dovepress.com

a0

91:470T Yo-easay pue Juswaseuely Jadued

:sdyy

LL8

Table 3 Sperm and Testicular Tissue Sample Quality Following Cancer Treatment Initiation, Related to Patient Age and Gonadotoxic-Risk of Treatment

MD Adolescents (<18 Years) Adults (= 18 Years)
_— After Cancer Treatment Initiation (24 Samples in 22 Patients) p After Cancer Treatment initiation (167 Samples in p
134 Patients)
Gonadotoxic-risk _ High (n=5) Medium (n=5) Low (n=11) None (n=3) —_— High (n=91) Low (n=51) None (n=25) —_—
N° patients (%) _ 5 (20.8) 5(20.8) Il (45.8) 3(12.5) —_ 91 (54.5) 51 (30.5) 25 (15.0)
Mean age [SD] at first cryopreservation 0 19.2 [2.9] 18 [3.5] 17.6 [1.8] 16.3 [2.9] 0.921 31.5 [6.0] 31.8 [9.1] 37.3[8.8] <0.001*
Time from |* treatment to cryopreservation (months) 39 [27.8-47.5] 31.5[17-51.8] 11 [0-18] 0 [0] 0.405 3 [0-35.5] 2 [0.3-13] 0 [0-6] 0.010
Sperm samples - n (%) 0 4 (20) 4 (20) 9 (45) 3 (I5)  — 81 (52.6) 48 (31.2) 25 (16.2) e
Sperm concentration (n x 10° mL™") median [IQR] 13 3.9 [0-13.4] 5.8 [I.1-10.6] 33.9 [26.6-34.9] | 69.1 [43.4-102.6] | 0.011* | 5.7 [0.15-26.5] 22.1 [0.1-55.8] 36.2 [17.8-51.6] 0.022*
Motility (progressive, %) median [IQR] 2/5 44 [33.5-54.5] 18 [13.5-31] 50 [21-58] 33 [31-38] 0.433 38 [20-45] 42.5 [17-54.3] 35 [16-58] 0.001*
Motility (non-progressive, %) median [IQR] 3/0 8.5 [6.8-10.3] 10 [9-18.5] 10 [5-11] 8 [6.5-9.5] 0316 9 [6-14] 7 [4-10] 9 [4-10] 0.019%
Immotile sperm (%) median [IQR] 3/0 | 47.5[38.8-56.3] 64 [55-69] 37 [37-69] 59 [55.5-59.5] 0314 52 [41-65] 49.5 [37.8-72.5] 56 [39-72] 0.116
Sperm diagnosis _— _— _ _— _ _
Normozoospermia — n (%) 171 1 (143) 0 4 (57.1) 2 (28.6) 0.174 20 (37.7) 18 (34.0) 15 (28.3) 0.005*
Oligozoospermia-Asthenozoospermia — n (%) 1/1 0 1 (16.7) 4 (66.6) 1 (16.7) 20 (55.6) 11 (30.6) 5(13.8)
Severe or moderate OA — n (%) 1/1 1 (25) 2 (50) 1 (25) 0 22 (57.9) 11 (29.0) 5 (13.1)
Azoospermia — n (%) 171 2 (66.7) 1(333) 0 0 18 (69.2) 8 (30.8) 0
Testicular tissue samples - n (%) 0 1 (25) 1 (25) 2 (50) 0 _— 10 (76.9) 3 (23.1) 0 _—
Samples absent of sperm in microscopy — n (%) 1/0 | 0 | 0 0.572 6 (60) 0 0 0.003*

Notes: *Significant differences.

Abbreviations: MD, missing data; SD, standard deviation; n, number of samples; IQR, interquartile range; OA, Oligoasthenozoospermia.
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Figure | Quality of sperm samples before and after initiation of cancer treatment: (A) concentration according to gonadotoxic-risk of treatment (B) progressive motility
according to gonadotoxic-risk of treatment (C) concentration according to cancer diagnosis (D) progressive motility according to cancer diagnosis.

model analysis, adjusted by time from treatment to follow-up spermiogram (range=0-132 months), type of cancer diagnosis
influenced sperm concentration and progressive motility values, whereas collection time point (before or after treatment

initiation) and time from treatment to follow-up did not. While cryopreservation time point influenced sperm diagnosis, no

differences were seen regarding time since treatment to follow-up spermiogram and cancer diagnosis.
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Discussion

This study enriches the current knowledge on standard practice for sperm and testicular tissue cryopreservation in both
adolescent and adult cancer patients. We describe the impact of cancer diagnosis and treatment on sperm and testicular
tissue quality, specifically addressing sample collection time point (before vs after treatment initiation).

Current guidelines recommend cryopreservation before the start of potentially gonadotoxic treatment.'''>'® This is
especially important as fertility may already be impaired at diagnosis, and would likely further decrease following cancer
treatment.”* In our study, only about half of the samples collected from adolescents (47%) and adults (58%) were
normozoospermic prior to treatment. This rate is slightly higher if total sperm count is considered instead of sperm
concentration (67.9 vs 70.0% in adolescents and 32.1 vs 30.0% in adults, with a total of 15 (2 adolescents and 13 adults)
additional normozoospermic samples identified). Samples from patients with hematological or testicular malignancies showed
a predisposed reduction in semen quality before cancer treatment. Reduced sperm quality at diagnosis has also been previously
reported,>** 2" and may be caused by impaired spermatogenesis, parenchymal damage due to tumor replacement in testicular
tumors, hypothalamic-pituitary-gonadal disorders, or mitochondrial dysfunction (oxidative stress, DNA fragmentation).**>°
Yet, studies on the rate of cryopreservation have shown that only a few use this chance of fertility preservation, with only 8%
of adult and 19-28% of adolescent cancer patients cryopreserving samples.’' * In our cohort, samples from adolescents
showed higher rates of oligoasthenozoospermia compared to those from adults (38% vs 19%). Adolescents were also more
likely than adults to have testicular tissue cryopreserved prior to oncologic treatment, despite azoospermia (60% vs 26%). This
rate may reflect an actual reduction in spermatogenesis in younger patients, but more likely highlights a conscious decision for
cryopreservation despite impaired sample quality. Having already completed a collection process, patients (and their families)
may have opted for, rather than against, cryopreservation. Newly diagnosed cancer patients, faced with the threat of potential
therapy-induced infertility, may strive for FP, regardless of sample quality.

In some cases, FP may not be possible prior to treatment. A quarter of the samples in our cohort (23%) were cryopreserved
after cancer treatment initiation, which may be attributed to treatment demands, lack of information, or other reasons.>*>> Both
diagnosis and therapy gonadotoxicity seemed to affect sample quality following treatment initiation. An increased risk of
azoospermia following cancer treatment reduces the chances of natural conception, and of viable sperm in ejaculate and/or
testicular tissue for ART. In adults, the quality of semen and testicular tissue samples collected following treatment initiation
was significantly reduced compared to those collected at diagnosis. Semen samples were cryopreserved when motile sperm
was found microscopically in the native sample or in the sediment after centrifugation (such as in cryptozoospermia); or at the
patient’s special request. Therefore, the number of patients with poor sample quality before the start of treatment might be
underrepresented. Unfortunately, we have no data on the number of patients whose attempted collection was not cryopre-
served due to azoospermia. We can state, however, that the rate of azoospermic samples cryopreserved from cancer patients
following treatment initiation was higher than the rates of samples cryopreserved prior to initiation. Following treatment
initiation, most of adult samples were cryopreserved following a high gonadotoxic-risk treatment, whereas samples collected
from adolescents were at most collected following low gonadotoxic-risk treatment (45.8%, 11/24). According to the guideline
definitions that we used to classify treatment gonadotoxicity, we observed the highest rate of azoospermic samples following
high gonadotoxic-risk treatment in both adults and adolescents. However, it needs to be acknowledged that semen parameters
were also reduced in the moderate and low gonadotoxic-risk groups compared to those who received non-gonadotoxic
treatment. This emphasizes the necessity of fertility surveillance for all patients, not only following high gonadotoxic-risk
treatment but also after a moderate/low gonadotoxic-risk treatment—especially as these patients may be less aware of the
potential gonadotoxic effect of their treatment. Patient counselling and fertility monitoring after cancer treatment are therefore
essential for all childhood, adolescent, and adult cancer patients, and should include annual documentation of puberty and
fertility development, including hormone analyses and semen analyses, as part of clinical routine.*®

The course of spermatogenesis following cancer treatment is not fully predictable. Fertility impairment may be detected as
carly as at diagnosis, or it can occur during or shortly following the end of cancer treatment. Patients who underwent high
gonadotoxic-risk treatment such as is required before allogeneic hematopoietic stem cell transplantation are especially at risk,
with infertility occurring at a median of 2.6 years.’” However, for some patients, fertility impairment can manifest years after
cancer treatment.>’ Sperm counts often remain stable within the first 2 months following the start of cancer treatment.® In our
subgroup analyses, we saw no change in the percentage of oligoasthenozoospermic/azoospermic samples collected within
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1 year after treatment initiation. However, the rate of azoospermic samples increased following this time (highest in samples
from patients who followed up after 1 to 2 years). Semen quality parameters showed no differences regarding time from
treatment to sperm analysis. The potential of gonadal recovery is not fully understood*® and remains unpredictable,” as only
a few studies have examined semen quality prior to oncologic treatment.” While recovery of impaired spermatogenesis is
possible, it is more likely persistent. Post-treatment recovery of spermatogenesis was previously not only documented in
moderately impaired patients who had normozoospermia at diagnosis (within 66 months) but also in those more significantly
impaired (at a peak of >66 months).> After certain oncologic treatments, a recovery of spermatogenesis occurred within 2431
months post-treatment. This included treatment with 3—4 cycles of bleomycin, etoposide, and cisplatin (BEP regimen) or
radiotherapy, as well as following treatment with daily oral cyclophosphamide for periods of 5-34 months.**** Further
research should look into the dynamics of fertility development in men following a cancer treatment on a more individual level
in order to improve prediction strategies.

The use of sperm banking in cancer survivors is a standard fertility preservation treatment.*” Samples may be used for
in-vitro fertilization (IVF) or — with better clinical outcomes than IVF or intrauterine insemination (IUI) — for
intracytoplasmic sperm infection (ICSI).*' The success rates of assisted reproductive techniques (ART) with fresh
oocytes are comparable for couples where the male partner has a history of cancer treatment, regardless of whether
fresh or cryopreserved semen is utilized with fresh oocytes.*” The outcome of embryo transfers is significantly higher
when cryopreserved semen is used, but live birth rates remain similar to those using fresh sperm.*** In ART, particularly
more in ICSI, sperm with DNA breakage are naturally excluded from selection due to concerns regarding potential
alterations in the sperm epigenome. Consequently, this exclusion may lead to improved fertilization rates, embryo
quality, and implantation rates.***> Patients should therefore be advised to collect sperm before cytotoxic treatments,
since genetic alterations may persist after cancer treatment.*® DNA fragmentation tests are increasingly used as part of
sperm testing within the recent years’ increasing knowledge about the chance of success in ART, especially in samples of
very limited quality (use for ICSI treatment).*’ These results could help to decide whether a fresh sperm sample collected
after therapy, or a sample cryopreserved before treatment initiation, should be used for ART. Nonetheless, it should be
noted that large studies have shown no increased risk of congenital malformation or cancer development in offspring
born to cancer survivors following spontaneous conception or ART use.**° Providing this information to patients could
help to reduce fears.

Study Limitations

Due to the retrospective study design, we were unable to collect medical data from all cancer patients who had samples
stored in the Charité cryobank, especially those who came from external oncological clinics. Unsuccessful cryopreserva-
tion attempts were not regularly documented, especially prior to treatment. Exclusion of these patients due to missing
data resulted in selection bias. Very few patients had follow-up spermiograms, which led to a limited subgroup analysis
to identify semen quality development over time. Although we have contacted all patients and treating fertility centers,
there has been a lack of feedback regarding the use of the samples for ART. Therefore, essential sources of information
on the type of use, and the results regarding successful pregnancies by the use of cryopreserved samples, are missing.
Another issue is that clinical practices have changed over the years in both cancer treatment and FP. In our study, the
techniques for cryopreservation refer to the specifications of the stricter recommendations of the “WHO laboratory
manuals for the examination and processing of human ejaculate” from 2010, which may not reflect the results according
to the former standards when samples were analyzed.

Conclusions

Sperm and testicular tissue banking are effective options for FP in adolescents and adults. Nevertheless, these methods
are insufficiently implemented in cancer patients. Oncologic treatment, especially high, as well as moderate and low
gonadotoxic-risk treatment, can impair spermatogenesis, resulting in infertility. However, a relevant proportion of
adolescents and adults with cancer are predisposed to azoospermia at the time of diagnosis. Therefore, fertility
counselling and assessment should be conducted at initial diagnosis in order to enable patients— if desired—to undergo
fertility preservation measures.
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