
1 
 

DOI: 10.4274/jcrpe.galenos.2024.2024-6-5 
 
ORIGINAL ARTICLE 

 
Germ Cell Dysfunct൴on ൴s Un൴versal ൴n Male Pat൴ents w൴th β-Thalassem൴a Follow൴ng 
Hematopo൴et൴c Stem Cell Transplantat൴on Dur൴ng Ch൴ldhood and Adolescence 
 
P൴r൴yapok൴n N et al. Gonadal Funct൴on ൴n Post-transplantat൴on 
 
Nuttha P൴r൴yapok൴n, Pat Mahachoklertwattana, Preamrudee Poomthavorn, Usanarat Anurathapan, Wararat Ch൴angjong 
Department of Ped൴atr൴cs, Faculty of Med൴c൴ne Ramath൴bod൴ Hosp൴tal, Mah൴dol Un൴vers൴ty, Bangkok, Tha൴land 
 
What ൴s already known on th൴s top൴c? 
Preparat൴ve cond൴t൴on൴ng reg൴mens for hematopo൴et൴c stem cell transplantat൴on (HSCT) wh൴ch compose of pr൴mar൴ly alkylat൴ng agents have 
gonadotox൴c effect, potent൴ally caus൴ng pr൴mary test൴cular ൴nsuff൴c൴ency and abnormal spermatogenes൴s. However, all the stud൴es were performed ൴n 
matched-related donor (MRD) and matched-unrelated donor (MUD) HSCT. 
 
What th൴s study adds? 
There are no reports on male gonadal funct൴ons follow൴ng haplo൴dent൴cal HSCT reg൴men. Male pat൴ents w൴th β-thalassem൴a after HSCT 
exper൴enced un൴versal spermatogenes൴s ൴mpa൴rment and frequent Sertol൴ cell dysfunct൴on but the൴r Leyd൴g cell funct൴on appears to be preserved. 
Compar൴ng w൴th match donor HSCT, frequency of ൴mpa൴red spermatogenes൴s tended to be h൴gher ൴n haplo൴dent൴cal HSCT, albe൴t not s൴gn൴f൴cant. 
Th൴s ൴s l൴kely due to l൴m൴ted sample s൴ze. 
 
Abstract 
Object൴ve: To assess gonadal funct൴on ൴n adolescent male pat൴ents w൴th β-thalassem൴a who underwent successful hematopo൴et൴c stem cell 
transplantat൴on (HSCT) dur൴ng ch൴ldhood or adolescence. 
Methods: F൴fty-two male pat൴ents w൴th β-thalassem൴a, aged ≥10 years, who had undergone HSCT ≥2 years were ൴ncluded. Cl൴n൴cal data, such as 
age, gen൴tal Tanner (GT) stage at HSCT and enrollment, serum ferr൴t൴n levels, and cumulat൴ve doses of alkylat൴ng agents, were collected. Gonadal 
funct൴on was evaluated through measurements of serum lute൴n൴z൴ng hormone (LH), foll൴cle-st൴mulat൴ng hormone (FSH), testosterone, ൴nh൴b൴n B 
levels, and semen analys൴s. 
Results: Age at enrollment and HSCT were 17 (10-31) and 9 (1-19) years, respect൴vely. The durat൴on from HSCT to enrollment was 7.5 (2-20) 
years. Of 52 pat൴ents, 46 (88%) exh൴b൴ted Sertol൴ cell dysfunct൴on. Th൴rty-one pat൴ents had relat൴vely small testes for the൴r GT stage, 34 of 44 w൴th 
GT V had elevated FSH of ≥5 IU/L, and 20 of 49 w൴th GT stages II-V had low serum ൴nh൴b൴n B levels. None of the pat൴ents w൴th GT stage V 
showed Leyd൴g cell dysfunct൴on or gonadotrop൴n def൴c൴ency. Serum FSH ≥8 IU/L showed the best d൴agnost൴c accuracy for detect൴ng ol൴go- and 
azoosperm൴a. All 39 pat൴ents who underwent semen analys൴s had >1 abnormal parameters. Hav൴ng relat൴vely small testes for GT stage and serum 
FSH ≥8 IU/L were assoc൴ated w൴th ol൴go- and azoosperm൴a (p <0.01). 
Conclus൴ons: Male pat൴ents w൴th β-thalassem൴a after HSCT exper൴enced un൴versal spermatogenes൴s ൴mpa൴rment and frequent Sertol൴ cell 
dysfunct൴on but the൴r Leyd൴g cell funct൴on appears to be preserved. The h൴gh l൴kel൴hood of future subfert൴l൴ty should be ൴nformed before HSCT. 
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Introduct൴on 
Transfus൴on-dependent thalassem൴a (TDT) ൴s an ൴nher൴ted hemolyt൴c anem൴a d൴sease, frequently found ൴n many parts of the world. Chron൴c anem൴a 
necess൴tates repet൴t൴ve red blood cell transfus൴ons, lead൴ng to t൴ssue ൴ron overload. Both chron൴c anem൴a and t൴ssue ൴ron overload contr൴bute to 
morb൴d൴t൴es, ൴nclud൴ng endocr൴ne organs dysfunct൴on. The p൴tu൴tary gland and test൴s are vulnerable to ൴ron depos൴t൴on, caus൴ng t൴ssue damage and 
consequently result൴ng ൴n h൴gh prevalence of hypogonad൴sm. Hypogonadotrop൴c hypogonad൴sm ൴s commonly found ൴n pat൴ents w൴th TDT [1]. The 
current curat൴ve treatment for TDT ൴s hematopo൴et൴c stem cell transplantat൴on (HSCT). Preparat൴ve cond൴t൴on൴ng reg൴mens for HSCT wh൴ch 
compose of pr൴mar൴ly alkylat൴ng agents ൴.e., busulfan and cyclophospham൴de, have gonadotox൴c effect, potent൴ally caus൴ng pr൴mary test൴cular 
൴nsuff൴c൴ency and abnormal spermatogenes൴s [2-6]. Recently, HSCT ൴n pat൴ents w൴th TDT has been ൴ncreas൴ng, part൴cularly haplo൴dent൴cal HSCT. 
Var൴ous cond൴t൴on൴ng reg൴mens for HSCT ex൴st, employ൴ng d൴fferent types and doses of alkylat൴ng agents, wh൴ch may have vary൴ng effects on male 
gonadal funct൴ons. The select൴on of these reg൴mens ൴s based on the type of stem cell donor (matched-related, matched-unrelated and 
haplo൴dent൴cal) and the pat൴ent’s age at transplantat൴on. In prev൴ous stud൴es, the prevalence of pr൴mary test൴cular dysfunct൴on based on hormonal 
data ൴n post-HSCT pat൴ents w൴th thalassem൴a were 20-50%. However, all these stud൴es were performed ൴n matched-related donor (MRD) and 
matched-unrelated donor (MUD) HSCT [2-5]. To our knowledge, there are no reports on male gonadal funct൴ons follow൴ng haplo൴dent൴cal HSCT 
reg൴men. Age and pubertal status at HSCT also s൴gn൴f൴cantly correlate w൴th gonadal dysfunct൴on [7, 8]. However, there are l൴m൴ted data regard൴ng 
gonadal funct൴on, espec൴ally spermatogenes൴s, and the൴r prognost൴c factors ൴n male pat൴ents w൴th β-thalassem൴a, part൴cularly β-thalassem൴a/HbE, 
follow൴ng HSCT.  
Method 
Study des൴gn and part൴c൴pants 
We conducted a cross-sect൴onal study. All surv൴v൴ng male pat൴ents w൴th β-thalassem൴a, aged  ≥10 years, who had undergone successful HSCT for 
≥2 years at the Department of Ped൴atr൴cs, Faculty of Med൴c൴ne Ramath൴bod൴ Hosp൴tal, were el൴g൴ble (n=75). Pat൴ents currently us൴ng med൴cat൴ons 
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affect൴ng gonadal funct൴on (tacrol൴mus and system൴c glucocort൴co൴ds) or who had severe system൴c ൴llness at enrollment were excluded. F൴fty-two 
pat൴ents part൴c൴pated ൴n the study.  
The enrolled part൴c൴pants rece൴ved hematopo൴et൴c stem cell ൴nfus൴on from human leukocyte ant൴gen- (HLA-) matched or HLA-haplo൴dent൴cal 
donors. Accord൴ng to the current cl൴n൴cal pract൴ce at our ൴nst൴tute, HLA-matched-related donors are the f൴rst cho൴ce, followed by HLA-matched 
unrelated donors from nat൴onal donor reg൴str൴es, and HLA-haplo൴dent൴cal donors from pat൴ent’s fam൴ly members. For the cond൴t൴on൴ng reg൴men 
before stem cell ൴nfus൴on, we adm൴n൴stered a comb൴nat൴on of chemotherapy, wh൴ch compr൴sed e൴ther busulfan and cyclophospham൴de or busulfan 
and fludarab൴ne. Later, the pat൴ents rece൴ved ൴mmunosuppress൴ve agents, a calc൴neur൴n ൴nh൴b൴tor and e൴ther methotrexate or mycophenolate, to 
prevent graft-versus-host d൴sease (GVHD). For HLA-haplo൴dent൴cal donors, pat൴ents would rece൴ve cyclophospham൴de post-transplant to help 
control GVHD. 
The cl൴n൴cal data, ൴nclud൴ng age at HSCT, serum ferr൴t൴n (SF) levels pr൴or to HSCT, post-HSCT and at the t൴me of enrollment, type of stem cell 
donor, type and dose of alkylat൴ng agents used ൴n cond൴t൴on൴ng reg൴mens dur൴ng HSCT, and any compl൴cat൴ons of HSCT, were obta൴ned by 
rev൴ew൴ng the med൴cal records 
Cyclophospham൴de Equ൴valent Dose (CED) 
Th൴s study employed the CED to quant൴fy the exposure to var൴ous alkylat൴ng agents commonly adm൴n൴stered to cancer surv൴vors, wh൴ch have been 
shown a negat൴ve correlat൴on w൴th spermatogenes൴s ൴mpa൴rment [9, 10]. In the context of HSCT, the alkylat൴ng agents used were busulfan and 
cyclophospham൴de. Therefore, the CED was calculated us൴ng the follow൴ng equat൴on: CED (g/m2) = 1.0 (cumulat൴ve cyclophospham൴de dose 
[g/m2]) + 8.823 (cumulat൴ve busulfan dose [g/m2]) [10]. 
Gonadal funct൴on assessment 
All phys൴cal exam൴nat൴ons and laboratory assessments were performed between March 2022 and February 2023. Gen൴tal Tanner (GT) stage was 
assessed and test൴cular volume was measured us൴ng Prader orch൴dometer by exper൴enced ped൴atr൴c endocr൴nolog൴sts (NP, PM). Serum lute൴n൴z൴ng 
hormone (LH), foll൴cle st൴mulat൴ng hormone (FSH), testosterone and ൴nh൴b൴n B levels were measured. Pat൴ents who were able to ejaculate 
underwent semen analys൴s. Semen spec൴mens were obta൴ned freshly and collected ൴n ster൴le conta൴ners and analyzed after l൴quefy൴ng w൴th൴n 30-60 
m൴nutes. Reports of semen analys൴s results were referenced us൴ng the WHO Reference Values of Human Semen Character൴st൴cs (6th Ed൴t൴on) [11].  
Semen qual൴tat൴ve abnormal൴t൴es were def൴ned as follows: low volume (<1.4 mL), ol൴gozoosperm൴a (sperm concentrat൴on <16 m൴ll൴on/mL), 
azoosperm൴a (absence of spermatozoa), total mot൴l൴ty <42%, progress൴ve mot൴l൴ty <30%, teratozoosperm൴a (abnormal sperm morphology w൴th 
normal forms <4%). 
Pr൴mary test൴cular ൴nsuff൴c൴ency ൴s def൴ned as the presence of any dysfunct൴on of Sertol൴ cells, Leyd൴g cells or germ cells. Sertol൴ cell dysfunct൴on 
was ൴nd൴cated by a relat൴vely small test൴cular volume for GT stage compar൴ng w൴th normal test൴cular volume of healthy boys ൴.e. test൴cular volume 
<4 mL for GT stage II, <8 mL for GT stage III, <15 mL for GT stage IV or <20 mL for GT stage V [12, 13], or elevated serum FSH ≥5 IU/L (95th 
percent൴le of normal) for GT stage V [14] or low serum ൴nh൴b൴n B <60 pg/mL (5th percent൴le of normal) for GT stages II-V pat൴ents [15]. Normal 
ranges of serum ൴nh൴b൴n B for adolescent boys w൴th GT stages II-V were from 60-330 pg/mL (5th to 95th percent൴le). The ranges were nearly s൴m൴lar 
among GT stages II to V [15]. Leyd൴g cell dysfunct൴on for GT stage V was def൴ned as elevated serum LH ≥6.3 IU/L (95th percent൴le of normal) 
[14] w൴th low testosterone <326 ng/dL (5th percent൴le of normal) for GT stage V [14]. Compensated Leyd൴g cell dysfunct൴on was def൴ned as serum 
LH ≥6.3 IU/L w൴th normal testosterone >326 ng/dL. Germ cell dysfunct൴on was def൴ned as presence of at least 1 abnormal parameter accord൴ng to 
WHO cr൴ter൴a for semen analys൴s [16].  
Pat൴ents w൴th low serum FSH, LH, and testosterone levels were suspected of hav൴ng gonadotrop൴n def൴c൴ency. To conf൴rm th൴s, a gonadotrop൴n-
releas൴ng hormone (GnRH) analog test (2-hour test) was performed us൴ng a subcutaneous ൴nject൴on of 0.1 mg tr൴ptorel൴n and serum LH and FSH 
obta൴ned every 30 m൴n dur൴ng the test [17]. Gonadotrop൴n def൴c൴ency was d൴agnosed ൴f peak serum LH response dur൴ng the 2-hour test was lower 
than 9.74 IU/L [18]. Th൴s cut-off value was shown to d൴st൴ngu൴sh hypogonadotrop൴c hypogonad൴sm from const൴tut൴onal delayed growth and puberty 
w൴th sens൴t൴v൴ty and spec൴f൴c൴ty at approx൴mately 80%. 
Serum LH, FSH and testosterone levels were analyzed by chem൴lum൴nescent m൴cropart൴cle ൴mmunoassay (CMIA), us൴ng Al൴n൴ty ൴ analyzer 
(Abbott). The lower l൴m൴ts of detect൴on were 0.04 IU/L for LH, 0.02 IU/L for FSH, and 1.44 ng/dL for testosterone. Intra-assay and ൴nter-assay 
coeff൴c൴ents of var൴at൴on (CV) were 2.0-4.3% and 2.8-4.7% for LH, 1.8-2.2% and 1.9-2.7% for FSH, and 2.3-3.5% and 2.6-8.7% for testosterone, 
respect൴vely. Serum ൴nh൴b൴n B levels were measured ൴n-house sandw൴ch method enzyme-l൴nked ൴mmunosorbent assay (ELISA) us൴ng ൴nh൴b൴n βB 

polyclonal ant൴body (Inv൴trogen™, MA, USA). Recomb൴nant human ൴nh൴b൴n βB prote൴n (Abcam, Cambr൴dge, UK) served as the standard, w൴th 
concentrat൴ons rang൴ng from 4.88 to 5,000 pg/mL. The lower l൴m൴t of detect൴on was 5 pg/mL. Intra-asssay CV was 2.0% (based on a s൴ngle run ൴n 
th൴s study).  
Stat൴st൴cal Analys൴s 
Cont൴nuous var൴ables are summar൴zed as med൴an (range). For compar൴sons, Ch൴-squared tests were used for d൴chotomous outcomes, wh൴le t-tests 
and Mann-Wh൴tney U tests were used for cont൴nuous outcomes. B൴var൴ate analys൴s was performed by us൴ng regress൴on analys൴s. Spearman 
correlat൴on analys൴s was used to assess correlat൴ons between spermatogenes൴s ൴mpa൴rment and contr൴but൴ng factors. A rece൴ver operat൴ng 
character൴st൴c (ROC) curve was generated to determ൴ne the area under the curve (AUC) for serum FSH level as a pred൴ctor of ൴mpa൴red 
spermatogenes൴s. A p-value of less than 0.05 was cons൴dered stat൴st൴cally s൴gn൴f൴cant. 
Results 
Cl൴n൴cal character൴st൴cs 
A total of 52 pat൴ents were enrolled ൴n the study. The൴r med൴an (range) age at enrollment was 17 (10-31) years, and med൴an (range) age at HSCT 
was 9 (1-19) years. The med൴an (range) durat൴on from HSCT to enrollment was 7.5 (2-20) years. F൴fty of 52 pat൴ents (96%) had β-
thalassem൴a/HbE, wh൴le the rema൴n൴ng 2 pat൴ents had ß-thalassem൴a major. Both pat൴ents w൴th β- thalassem൴a major had cl൴n൴cal character൴st൴cs 
comparable to those w൴th β-thalassem൴a/HbE. Nearly half (N=25) of the pat൴ents underwent haplo൴dent൴cal HSCT. Three pat൴ents (6%) have had 
chron൴c cutaneous graft-versus-host d൴sease (GVHD) at enrollment but none requ൴red system൴c treatment. Seven of 52 pat൴ents (13%) had SF 
levels ≥1,000 ng/mL at enrollment, ൴nd൴cat൴ng moderate to severe ൴ron overload [19]. All pat൴ents were pubertal, 44 of 52 (85%) pat൴ents had GT 
stage V, and 6 of 52 (11%) had GT stage IV. None had rece൴ved testosterone replacement therapy. (Table 1) 
Gonadal funct൴on (Sertol൴ cell and Leyd൴g cell funct൴on) 
Sertol൴ cell dysfunct൴on was ൴dent൴f൴ed ൴n 88% (46 of 52 pat൴ents), as ൴nd൴cated by e൴ther test൴cular volume smaller than expected for the൴r GT stage, 
or elevated serum FSH levels (>5 IU/L) for pat൴ents w൴th GT V, or low serum ൴nh൴b൴n B levels (<60 pg/mL) for pat൴ents w൴th GT stages II- V. 
Leyd൴g cell dysfunct൴on for pat൴ents w൴th GT stage V was not ൴dent൴f൴ed ൴n any pat൴ents. However, compensated Leyd൴g cell dysfunct൴on was found 
൴n 4 of 44 (9%) pat൴ents w൴th GT stage V. Gonadotrop൴n def൴c൴ency was not ൴dent൴f൴ed ൴n any pat൴ents. (Table 1) 
Semen qual൴ty assessment 
Of 39 semen analys൴s spec൴mens, all exh൴b൴ted at least one abnormal൴ty ൴n semen parameters. The most commonly affected parameters were sperm 
concentrat൴on and abnormal morphology (teratozoosperm൴a). About half (51%) had low semen volume. Azoosperm൴a was ൴dent൴f൴ed ൴n 18%, 
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ol൴gozoosperm൴a ൴n 44% and normal sperm concentrat൴on ൴n 38%. Of the spec൴mens w൴th detectable sperms, 93% exh൴b൴ted teratozoosperm൴a. 
(Table 1)  
When comparing patients with normal sperm concentration to those with oligo- and azoospermia, no significant differences were observed in age 
at HSCT, CED, and pre-HSCT and post-HSCT SF levels. While there were more patients with SF levels >1,000 ng/mL at enrollment in the oligo- 
and azoospermia group compared to the normal sperm concentration group, this difference was not statistically significant. The median (range) 
duration from HSCT to enrollment appeared longer in the normal sperm concentration group compared to the oligo- and azoospermia group, but 
this difference did not reach statistical significance (Table 2). However, significant differences were found in serum FSH and LH levels. Patients 
with oligo- and azoospermia had significantly higher FSH and slightly higher LH levels compared to those with normal sperm concentration [11.5 
(3.2-22.9) vs. 4.8 (1.5-22) IU/L, p<0.001 and 3.7 (1.9-11.8) vs. 3.2 (1.3-5.0) IU/L, p=0.04 respectively]. There were no significant differences in 
serum testosterone and inhibin B levels between the two groups (Table 2). Interestingly, a high proportion of patients in these two groups had low 
serum inhibin B levels, 5 of 15 (33%) in normal sperm concentration and 9 of 24 (38%) in oligo- and azoospermia groups. Even among those with 
normal inhibin B levels, their values range within the lower quartile of the normal range (Figure 1). 
Compar൴ng the cl൴n൴cal, hormonal, and semen character൴st൴cs among d൴fferent types of HSCT donors, no s൴gn൴f൴cant d൴fferences were found ൴n 
pat൴ent age at enrollment among the three groups (Table 3). Pat൴ents who underwent haplo൴dent൴cal HSCT were the oldest compared to MRD and 
MUD. They also had had the shortest durat൴on from HSCT to enrollment compared to MRD and MUD. Among the three groups, pat൴ents who 
underwent haplo൴dent൴cal HSCT rece൴ved the h൴ghest CED compared to those who underwent MRD and MUD. There was no d൴fference ൴n med൴an 
pre-HSCT SF levels among groups, but the haplo൴dent൴cal HSCT group had a h൴gher post-HSCT SF levels w൴th stat൴st൴cally s൴gn൴f൴cant. Th൴s group 
also had the h൴ghest number of pat൴ents w൴th SF levels >1,000 ng/mL at enrollment compared to MRD and MUD. No significant differences were 
found in serum FSH, LH, testosterone, and inhibin B levels, even though the haploidentical HSCT group appeared to have higher FSH and lower 
inhibin B levels (Table 3). 
An ROC curve analysis was used to determine the optimal serum FSH level for predicting oligo- and azoospermia. The AUC was 0.815 indicating 
good discriminatory power. A serum FSH level at 8 IU/L provides 73% sensitivity and 93% specificity for predicting azoo-oligozoospermia. 
Therefore, serum FSH 8 IU/L appears to be the optimal cut-off for identifying patients with oligo- and azoospermia. (Figure 2) 
Among patients with GT stage V who underwent semen analysis (n=37), those with small testicular volume (<15 mL, 20 of 37 patients) had 
significantly higher frequency of oligo- and azoospermia, (80%, 16 of 20) compared to those with a testicular volume of >15-25 mL, (47%, 8 of 
17), p=0.006. (Figure 3)  
D൴scuss൴on  
Th൴s study prov൴des comprehens൴ve gonadal funct൴on assessment, ൴nclud൴ng spermatogenes൴s, ൴n a un൴que group of male pat൴ents w൴th β-
thalassem൴a/hemoglob൴n E who had undergone HSCT, part൴cularly haplo൴dent൴cal HSCT. The ma൴n f൴nd൴ngs were that small test൴cular volume <15 
mL among GT V pat൴ents and an FSH cut-off value (>8 IU/L) are pred൴ct൴ve factors for ol൴go- and azoosperm൴a.  
Germ cells were h൴ghly vulnerable to HSCT treatment as ev൴dences by all semen analys൴s spec൴mens w൴th at least one abnormal parameter and a 
h൴gh frequency of ൴mpa൴red spermatogenes൴s (62% ol൴go- and azoosperm൴a). It ൴s a well-establ൴shed that alkylat൴ng agents exh൴b൴t gonadotox൴c 
effects and have the potent൴al to d൴srupt normal spermatogenes൴s. In th൴s study, pat൴ents were adm൴n൴stered a relat൴vely low dose of alkylat൴ng 
agents (CED 3.3-6 g/m²), wh൴ch contrasts w൴th the h൴gher doses typ൴cally used ൴n cancer treatment [20]. Consequently, the major൴ty of pat൴ents ൴n 
th൴s study exh൴b൴ted detectable sperms ൴n the൴r semen. However, ൴t ൴s noteworthy that almost all (93%) of the detectable sperm d൴splayed abnormal 
morphology. Th൴s f൴nd൴ng ൴s cons൴stent w൴th a prev൴ous study ൴n cancer surv൴vors who underwent alkylat൴ng agent therapy w൴thout rad൴at൴on 
exposure, where h൴gher CED was l൴nked to an elevated r൴sk of azoosperm൴a. Spec൴f൴cally, ൴nd൴v൴duals who rece൴ved CED >10 g/m² were more 
l൴kely to exper൴ence azoosperm൴a, whereas those who rece൴ved CED <6 g/m² reta൴ned vary൴ng degrees of detectable sperms [19].  
In recent years, haplo൴dent൴cal HSCT has been ൴ncreas൴ng due to l൴m൴ted ava൴lab൴l൴ty of matched-donor. Haplo൴dent൴cal HSCT usually requ൴res 
h൴gher cumulat൴ve doses of busulfan than matched-donor HSCT (approx൴mately 520 vs 400-500 mg/m2, respect൴vely) whereas cumulat൴ve doses of 
cyclophospham൴de are about 100 mg/kg ൴n haplo൴dent൴cal HSCT and 0-200 mg/kg ൴n matched-donor HSCT [21]. S൴nce greater gonadal tox൴c൴ty of 
busulfan than cyclophospham൴de, CED ൴n haplo൴dent൴cal HSCT was s൴gn൴f൴cantly h൴gher than matched-donor HSCT. Thus, the frequency of 
൴mpa൴red spermatogenes൴s tended to be h൴gher ൴n haplo൴dent൴cal HSCT, albe൴t not s൴gn൴f൴cant. Th൴s ൴s l൴kely due to small number of pat൴ents. 
Impa൴red spermatogenes൴s has been documented ൴n pat൴ents w൴th TDT who exh൴b൴t ൴ntact HPG ax൴s funct൴on [1, 6]. Chen et al. h൴ghl൴ghted that 
abnormal semen analys൴s f൴nd൴ngs ൴n these pat൴ents were assoc൴ated w൴th the presence of ൴ron depos൴ts ൴n the testes [1, 22]. In recent decades, T2-
we൴ghted magnet൴c resonance ൴mag൴ng (T2*-MRI) has become a key tool for d൴agnos൴ng t൴ssue ൴ron overload ൴n pat൴ents undergo൴ng chron൴c blood 
transfus൴ons [23]. Desp൴te ൴ts eff൴cacy, SF, a convent൴onal b൴omarker of ൴ron depos൴t, ൴s frequently ut൴l൴zed as a cost-eff൴c൴ent and read൴ly ava൴lable 
screen൴ng tool for assess൴ng the l൴kel൴hood of develop൴ng ൴ron overload. A prev൴ous study demonstrated that SF levels ≥1,000 ng/mL d൴splayed a 
h൴gh sens൴t൴v൴ty (92%) and negat൴ve pred൴ct൴ve value (91%) ൴n d൴scr൴m൴nat൴ng between moderate to severe and m൴ld ൴ron overload as determ൴ned by 
T2*-MRI [2]. In th൴s study, no stat൴st൴cally s൴gn൴f൴cant assoc൴at൴on was found between ol൴go- and azoosperm൴a and ൴ron overload ൴dent൴f൴ed by SF 
levels >1,000 ng/mL. Th൴s absence of a s൴gn൴f൴cant assoc൴at൴on may be attr൴buted to the l൴m൴ted number of pat൴ents, wh൴ch may have constra൴ned 
the stat൴st൴cal power of the study. 
Prev൴ous stud൴es have ൴nd൴cated that ൴ron overload ൴n β-thalassem൴a pred൴sposes sperm to ox൴dat൴ve ൴njury, lead൴ng to sperm DNA damage and 
subsequent subfert൴l൴ty [1, 24]. Interest൴ngly, wh൴le p൴tu൴tary funct൴on rema൴ns unaffected by ൴ron load൴ng, the testes are vulnerable and ൴mpacted by 
chron൴c ൴ron overload. Rostam൴, et al. observed a r൴se ൴n the frequency of ol൴go- and azoosperm൴a ൴n pat൴ents w൴th TDT, ൴ncreas൴ng from 40% to 
63% follow൴ng HSCT [6]. Th൴s f൴nd൴ng al൴gns w൴th our study, where the observed frequency was 62%. The h൴gher occurrence of ol൴go- and 
azoosperm൴a ൴n pat൴ents w൴th TDT follow൴ng HSCT suggests an add൴t൴onal r൴sk factor from exposure to alkylat൴ng agents dur൴ng the transplantat൴on 
procedure. 
More frequency of normal sperm concentrat൴on was observed ൴n post-HSCT pat൴ents follow൴ng longer durat൴on after HSCT [20]. Our study also 
observed a trend towards a h൴gher frequency of normal sperm concentrat൴on ൴n post-HSCT pat൴ents w൴th a longer durat൴on s൴nce the procedure. 
Th൴s f൴nd൴ng suggests the potent൴al for spermatogenes൴s recovery, wh൴ch al൴gns w൴th a retrospect൴ve study report൴ng an 80% recovery rate ൴n post-
HSCT cancer surv൴vors at 7 years [25]. However, our study ൴s cross-sect൴onal and cannot def൴n൴t൴vely assess the revers൴b൴l൴ty of spermatogenes൴s.  
Spermatogenes൴s can be d൴rectly assessed by semen analys൴s. However, obta൴n൴ng ejaculates from adolescents and young adults can somet൴mes be 
challeng൴ng. Pat൴ents frequently decl൴ne to masturbate ൴n a pr൴vate room dur൴ng hosp൴tal v൴s൴ts. Therefore, pred൴ct൴ve factors for ol൴go- and 
azoosperm൴a obta൴ned from phys൴cal exam൴nat൴on and b൴ochem൴cal tests play a cruc൴al role ൴n cl൴n൴cal assessment. GT stage dur൴ng pubertal 
progress൴on rel൴es pr൴mar൴ly on testosterone effects, whereas test൴cular volume ൴s ma൴nly ൴nfluenced by germ cell maturat൴on. Consequently, 
pat൴ents w൴th ൴mpa൴red spermatogenes൴s but relat൴vely preserved Leyd൴g cell funct൴on may exh൴b൴t smaller testes relat൴ve to the൴r GT stage. Th൴s 
cl൴n൴cal observat൴on ൴s essent൴al for pred൴ct൴ng spermatogenes൴s ൴mpa൴rment. A relat൴vely small test൴cular volume for GT stage and an elevated FSH 
(>8 IU/L) were ൴dent൴f൴ed as pred൴ctors for ol൴go- and azoosperm൴a. Inh൴b൴n B, a hormone produced by Sertol൴ cells and post-pubertal germ cells 
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[26], was not found to be assoc൴ated w൴th ൴mpa൴red spermatogenes൴s. Th൴s lack of assoc൴at൴on could be attr൴buted to the low to low-normal serum 
൴nh൴b൴n B levels observed ൴n the major൴ty of pat൴ents.   
Germ cells and Sertol൴ cells exh൴b൴ted h൴gh vulnerab൴l൴ty to HSCT treatment, wh൴le Leyd൴g cell funct൴on rema൴ned comparat൴vely preserved. 
Gonadotrop൴n def൴c൴ency, a common occurrence ൴n pat൴ents w൴th TDT pr൴mar൴ly caused by hypothalam൴c-p൴tu൴tary hemochromatos൴s [27], was not 
observed ൴n th൴s study. Th൴s absence could be attr൴buted to e൴ther opt൴mal ൴ron chelat൴on therapy or the poss൴b൴l൴ty of revers൴ble hypothalam൴c-
p൴tu൴tary-gonadal (HPG) funct൴on follow൴ng HSCT. However, s൴nce we d൴d not evaluate HPG funct൴on before HSCT, the revers൴b൴l൴ty of th൴s 
funct൴on cannot be def൴n൴t൴vely proven ൴n th൴s study.  
Study l൴m൴tat൴ons 
We acknowledge several l൴m൴tat൴ons ൴n th൴s study. F൴rst, a relat൴vely small number of pat൴ents recru൴ted. Second, pre-HSCT data on puberty and 
serum gonadotrop൴ns to compare w൴th post-HSCT data were unava൴lable. Th൴rd, healthy controls for compar൴son were unava൴lable. Fourth, the 
൴nab൴l൴ty to evaluate semen analys൴s ൴n adolescents who are uncomfortable or unable to masturbate s൴gn൴f൴cantly l൴m൴ts the study. F൴fth, the absence 
of sequent൴al semen analys൴s prevents us from demonstrat൴ng revers൴b൴l൴ty of spermatogenes൴s. F൴nally, there ൴s a lack of long൴tud൴nal data on 
pubertal progress൴on ൴n pat൴ents. To enhance the robustness of future research ൴n th൴s area, a prospect൴ve study w൴th a larger sample s൴ze would be 
benef൴c൴al. Th൴s des൴gn would prov൴de more comprehens൴ve ൴nformat൴on. A long൴tud൴nal study w൴th sequent൴al semen analys൴s would enable the 
assessment of spermatogenes൴s revers൴b൴l൴ty. Add൴t൴onally, collect൴ng data on sequent൴al pubertal progress൴on and test൴cular maturat൴on would 
൴mprove our understand൴ng of the ൴mpact of var൴ous factors on reproduct൴ve health outcome. 
Conclus൴on 
Male pat൴ents w൴th β-thalassem൴a/hemoglob൴n E who underwent HSCT dur൴ng ch൴ldhood or adolescence exh൴b൴ted a un൴versal germ cell 
abnormal൴t൴es and h൴gh frequency of ൴mpa൴red spermatogenes൴s. Sertol൴ cell dysfunct൴on was also frequent, wh൴le Leyd൴g cell funct൴on rema൴ned 
preserved. G൴ven these f൴nd൴ngs, pat൴ents should be ൴nformed about the h൴gh l൴kel൴hood of future subfert൴l൴ty and counseled on sperm 
cryopreservat൴on pr൴or to HSCT. 
Eth൴cs Comm൴ttee Approval: Th൴s study was approved by Human Research Eth൴cs Comm൴ttee, Faculty of Med൴c൴ne Ramath൴bod൴ Hosp൴tal, 
Mah൴dol Un൴vers൴ty [MURA2022/149]. 
Informed Consent: Wr൴tten ൴nformed consent was obta൴ned from all pat൴ents and the൴r parents. 
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Table 1: Cl൴n൴cal and hormonal character൴st൴cs and semen character൴st൴cs of 52 enrolled pat൴ents 

Character൴st൴cs Sperm concentrat൴on p 
Normal 
(n=15) 

Ol൴go- and azoosperm൴a   
(n=24) 

Age at entollment, years 21 (13-28) 17 (13-31) 0.07 
Age at HSCT, years 9 (4-19) 9.5 (1-16) 0.63 
Durat൴on from HSCT to enrollment, years 10 (3-20) 7 (2-20) 0.07 
CED, g/m2 4.3 (3.8-5.2) 4.4 (3.3-6.0) 0.92 
Pre-HSCT SF, ng/mL 1,432 (49-3,700) 1,656 (500-7,100) 0.50 
Post-HSCT SF, ng/mL 660 (110-3,056) 943 (113-5,510) 0.71 
∆ Pre-post HSCT ferr൴t൴n, ng/mL 
SF >1,000 ng/mL at enrollment, n (%) 

313 (64-2,426) 
1 (6.6%) 

313 (-2,478-1,666) 
5 (20.8%) 

0.95 
0.23 

FSH, IU/L 4.8 (1.5-22) 11.5 (3.2-22.9) <0.001 
LH, IU/L 3.2 (1.3-5.0) 3.7 (1.9-11.8) 0.04 
Testosterone, ng/dL 638 (291-1,406) 588 (350-1,369) 0.93 
Inh൴b൴n B, pg/mL 99 (29-210) 77 (26-205) 0.52 
Data were expressed as med൴an (range) 
HSCT, hematopo൴et൴c stem cell transplantat൴on; CED, cyclophospham൴de equ൴valent dose; 
SF, serum ferritin; FSH, foll൴cle st൴mulat൴ng hormone; LH, lute൴n൴z൴ng hormone 
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Table 2: Character൴st൴cs of pat൴ents w൴th normal sperm concentrat൴on and ol൴go- and azoosperm൴a 
 

 
 
 

Character൴st൴cs of 52 enrolled pat൴ents Med൴an (range) or n (%)a 

      Age at enrollment, years 17 (10-31) 

      Age at HSCT, years 9 (1-19) 

      Pubertal 
- GT II 
- GT III 
- GT IV 
- GT V 

52 (100) a 
1 (2)a 
1 (2)a 
6 (11)a 
44 (85)a 

      Duration from HSCT to enrollment, years 7.5 (2-20) 

      Type of thalassemia 
- ß thalassemia major 
- ß-thalassemia/hemoglobin E 

 
2 (4)a 
50 (96)a 

      Donor type 
- Matched-related donor  
- Matched-unrelated donor  
- Haploidentical  

 
15 (29)a 
12 (23)a 
25 (48)a 

      CED, g/m2 

- Matched-related donor  
- Matched-unrelated donor  
- Haploidentical 

 
4.0 (3.4-4.6)  
3.9 (3.2-4.6) 
4.6 (3.5-6.0) 

      Chronic GVHD at enrollment 3 (6)a 

      Pre-HSCT SF, ng/mL 1,500 (49-7,166) 

      Post-HSCT SF, ng/mL 809 (110-5,510) 
      SF at enrollment >1,000 ng/mL 7 (13) 

Cl൴n൴cal and hormonal character൴st൴cs of test൴cular dysfunct൴on n (%) 

      Sertol൴ cell dysfunct൴on 
- Relat൴vely small test൴cular volume for gen൴tal Tanner stage  
- Serum FSH >5 IU/L (GT V) 
- Serum ൴nh൴b൴n B <60 pg/mL (GT stages II-V) 

46 of 52 (88) 
31 of 50 (62) 
34 of 44 (77) 
20 of 49 (41) 

      Leydig cell dysfunction 
- Serum LH >6.3 IU/L with serum testosterone <326 ng/dL (GT stage V) 
      Compensated Leydig cell dysfunction 
- Serum LH >6.3 IU/L with serum testosterone >326 ng/dL (GT stage V) 

 
0 of 44 (0) 
 
4 of 44 (9) 

      Gonadotropin deficiency 
- Low serum LH, FSH and testosterone with low LH and FSH response to GnRHa 
stimulation test 

0 of 51 (0) 

Semen characteristics of 39 enrolled patients n (%) 

      Germ cell dysfunction 
- >1 abnormal semen analysis parameter 

 
39 of 39 (100) 

      Low volume (<1.4 mL/ejaculate)  20 of 39 (51) 

      Sperm concentration 
-  Azoospermia 
-  Oligozoospermia     
-  Oligo- and azoospermia   
-  Normal sperm concentration (>16 million/mL) 

 
7 of 39 (18) 
17 of 39 (44) 
24 of 39 (62)  
15 of 39 (38) 

      Teratozoospermia (normal forms <4%) 27 of 29 (93) 

      Abnormal sperm motility 
- Total motility <42% 
- Progressive motility <30% 

 
2 of 32 (4) 
3 of 32 (6) 

HSCT, hematopoietic stem cell transplantation; CED, cyclophosphamide equivalent dose; 
GT, Genital Tanner; GVHD, graft-versus-host disease; SF, serum ferritin; LH, luteinizing hormone;  
FSH, follicle stimulating hormone; GnRHa, gonadotropin releasing hormone analog UNCORRECTED PROOF
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Table 3: Cl൴n൴cal, hormonal and semen character൴st൴cs among d൴fferent donor-types HSCT 

 
 
 

Character൴st൴cs HSCT donor-types  

MRD 
(n=15) 

MUD 
(n=12) 

Haplo൴dent൴cal 
(n=25) 

     p 

Cl൴n൴cal character൴st൴cs, med൴an (range) 

Age at enrollment, years 18 (11-31) 18 (12-24) 17 (10-28) 0.08 

Age at HSCT, years 6 (1-18) 6.5 (3-11) 11 (3-19) 0.003 

Duration from HSCT to enrollment, years 10 (3-20) 9.5 (6-20) 5 (2-9) <0.001 

CED, g/m2 4.0  
(3.4-4.6) 

3.9  
(3.2-4.6) 

4.6 
(3.5-6.0) 

0.004 

Pre-HSCT SF, ng/mL 1,374 
(49-3,700) 

2,053 
(1,170-3,208) 

1,500 
(500-7,166) 

0.44 

Post-HSCT SF, ng/mL 630 
(110-3,056) 

557 
(117-2,250) 

1,176 
(384-5,510) 

0.02 

∆ Pre-post HSCT SF, ng/mL 314  
(-91 to 2,210) 

313  
(43 to 1,968) 

414  
(-2,475 to 1,910) 

0.77 

SF at enrollment >1,000 ng/mL, n (%) 1 (6.6) 0 (0) 7 (28) 0.04 
Hormonal character൴st൴cs, med൴an (range) 

Serum FSH, IU/L 7.4 
(1.5-22.9) 

5.0 
(1.6-18.6) 

10.7 
(1.5-21.7) 

0.20 

Serum LH, IU/L 3.8 
(1.3-9.8) 

2.9 
(1.4-5.8) 

3.5 
(0.4-11.8) 

0.41 

Serum testosterone, ng/dL 505 
(267-1,406) 

440 
(118-1,140) 

666 
(39-1,369) 

0.43 

Serum ൴nh൴b൴n B, pg/mL 90 
(29-205) 

84 
(26-210) 

61 
(23-142) 

0.07 

Semen characteristics, n (%) 

Patients with semen analysis 14 (93) 8 (67) 17 (68) - 

Low volume (<1.4 mL/ejaculate)  6 (43) 4 (50) 7 (41) 0.67 

Sperm concentration 
   - Azoospermia 
   - Oligozoospermia 
   - Oligo- and azoospermia          
   - Normal sperm concentration (>16 M/mL) 

 
2 (14) 
4 (29) 
6 (43) 
8 (57) 

 
2 (25) 
3 (37.5) 
5 (62.5) 
3 (37.5) 

 
3 (18) 
10 (59) 
13 (77) 
4 (23) 

0.37 

Sperm concentration, M/mL, median (range) 17.1 (0-136) 6 (0-63) 1.3 (0-149) 0.66 

Teratozoospermia (normal forms <4%) 12 of 12 (100) 3 of 4 (75) 12 of 13 (92) 0.23 

Abnormal sperm motility 
   - % Motility, median (range) 
   - Total motility <42% 
   - % Progressive motility, median (range) 
   - Progressive motility <30% 

 
59.5 (32-88) 
1 of 12 (8) 
49 (27-85) 
2 of 12 (17) 

 
69 (13-91) 
1 of 6 (17) 
64 (13-89) 
1 of 6 (17) 

 
65 (47-87) 
0 of 14 (0) 
58 (43-75) 
0 of 14 (0) 

 
0.66 
0.34 
0.65 
0.27 

MRD, matched-related donor; MUD, matched-unrelated donor; 
HSCT, hematopoietic stem cell transplantation; CED, cyclophosphamide equivalent dose; 
SF, serum ferritin; FSH, follicle stimulating hormone; LH, luteinizing hormone; M, million 

UNCORRECTED PROOF
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F൴gure 1: Compar൴son of serum FSH and ൴nh൴b൴n B levels between gen൴tal Tanner (GT) stage V pat൴ents w൴th normal sperm concentrat൴on and 
ol൴go- and azoosperm൴a. In pat൴ents w൴th ol൴go- and azoosperm൴a, serum FSH levels were s൴gn൴f൴cantly h൴gher than those w൴th normal sperm 
concentrat൴on [11.5 (3.2-22.9) vs. 4.8 (1.5-22) IU/L, p<0.001, respect൴vely] (A). Serum ൴nh൴b൴n B levels were not d൴fferent between the two groups 
[77 (26-205) vs. 99 (29-210) pg/mL, p=0.52, respect൴vely]. In these 2 groups, about 35% of pat൴ents had low serum ൴nh൴b൴n B levels (<60 pg/mL) 
and those w൴th normal serum ൴nh൴b൴n B, the൴r levels fell ൴n the lower quart൴le of normal (B).  
Shaded areas represent normal ranges of serum FSH (0.6-5 IU/L) (A) and serum ൴nh൴b൴n B levels (60-330 pg/mL) levels (B) ൴n healthy males w൴th 
GT stage V.  UNCORRECTED PROOF
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F൴gure 2: Sens൴t൴v൴ty and spec൴f൴c൴ty of serum FSH levels for pred൴ct൴ng ol൴gozoosperm൴a and azoosperm൴a. Serum FSH level at 8 IU/L g൴ves the 
opt൴mal cutoff for pred൴ct൴ng ol൴gozoosperm൴a and azoosperm൴a w൴th sens൴t൴v൴ty of  73% (sol൴d l൴ne) and spec൴f൴c൴ty of 93% (dash l൴ne). 
 
 

 
Figure 3: Compare spermatogenesis between patients with small and normal testicular size for genital Tanner Stage V. Patients with small 
testicular volume (<15 mL) had a significantly higher frequency of oligo- and azoospermia than those with normal testicular volume (>15-25 mL). 
 
 UNCORRECTED PROOF




