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Summary
Th ere is a huge number of studies concerning metabol-
ic, immunological and other diff erences between males 
and females caused by their diff erential hormonal and 
physiological background. However, only few studies 
are dedicated to sex-dependent diff erences in amounts 
of donor hematopoietic cells used for stem cell trans-
plantation (HSCT), kinetics of cytostatic drugs used 
for conditioning treatment and immunosuppressors 
for GvHD prophylaxis, as well as diff erences in com-
mon posttransplant complications. Th e following dif-
ferences signifi cant for evaluation of HSCT results may 
be derived from previous studies: (1) Higher counts of 
CD34+ cells in hematopoietic graft s from males com-
pared to female donors; (2) Metabolism of cytostatic 
drug in females suggest a tendency for decreased clear-
ance and higher modifi cation rates due to increased 
CYP3A activities, along with decreased drug effl  ux 
from target cells, thus suggesting higher accumula-
tion of active cytostatic metabolites in female patients;
(3) More eff ective and stable humoral immune response 

in females compared to males could be translated into 
better anti-infectious response, along with higher risk of 
chronic GvHD in females aft er allo-HSCT; (4) Male pa-
tients with some hematological malignancies subjected 
to allo-HSCT are more prone to posttransplant relaps-
es, however, confl icting data are reported; (5) Increased 
risk of acute GvHD in males exists in cases of allo-HSCT 
from female donors. Th e issue of graft -versus-leukemia 
eff ect in this setting still remains open. In sum, estro-
gen hormones seem to be to the most probable cause of 
gender diff erences in HSCT-associated risks. However, 
modifying role of sex steroids is not well studied, and it 
should vary, depending on the age of patients. Th erefore, 
real signifi cance of sex diff erences in HSCT deserves 
further extensive studies in large databases.
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Hematopoietic cell counts
in peripheral blood 
Some data exist concerning HPC contents in peripheral 
blood. In an early study, semisolid methyl cellulose-based  
clonogenic cultures were assayed in 43 healthy volunteers 
including 22 males and 21 females at the age of 21 to 39 years 
old [1]. Comparative studies have shown increased numbers 
of colony-forming cells (CFC), erythroblastic progenitors 
(BFU-E), and non-diff erentiated myeloid precursors (GM-
CFU) in peripheral blood (PB) in male individuals. How-
ever, the numbers of pluripotent CFU-GEMM in peripheral 

blood did not diff er between females and males. Probable 
eff ects of sex steroids on these cell populations still remain 
open.

A more recent study from USA was carried out in a large 
cohort of 1786 Framingham Heart Study participants who 
underwent counting of CD34(+) cells in peripheral blood 
[2]. Among 1595 persons without cardiovascular diseases, 
CD34(+) frequency tended to decrease with older age and 
in females, thus suggesting higher numbers of peripheral he-
matopoietic cells in males.

Sex diff erences in circulating HSC subpopulations were 
also found in a group of 642 persons (mean age, 48 years) 
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either healthy, or with cardiovascular disorders [3]. CD34+
CD45med+ and some other HSC markers were determined 
by fl ow cytometry. Aft er adjustment for age, cardiovascu-
lar risk, and body mass, the individual counts for CD34+, 
CD34+/CD133+, and CD34+/chemokine receptor 4+ counts, 
were found to be lower in women than in male persons.

Th us, one may consider higher background counts of he-
matopoietic stem cells in HSC graft s from males compared 
to female donors.

Th e potentially higher amounts of hematopoietic stem cells 
in males may be translated into higher incidence of hema-
tological malignancies, i.e., CML (and, probably, of chronic 
myelomonocytic leukemia) in male persons rather than in 
females, as shown in a big cohort, e.g., Hiroshima survivors 
observed over decades [4]. Th e authors consider two hypoth-
eses: increased actual risk for this disorder, or shorter latency 
time in males needed for development of the disorder 

Gender differences
in pharmacokinetics
Cytostatic drugs, CYPs and pGp effects 
Intensive conditioning treatment is a basic pre-requisite of 
hematopoietic stem cell transplantation procedure. In leu-
kemia treatment, it is intended for eradication of malignant 
cells, as well as for engraft ment and proliferation of donor 
hematopoietic cells. Th erefore, sex-specifi c eff ects of cyto-
static drugs should be realized when planning optimal con-
ditioning protocols. Studies of these sex diff erences in re-
sponse to the common cytostatic drugs, generally, show that 
female patients are, generally, more stable than males, and 
moreover, depend on the type and dose of cytostatic agent 
applied [5]. 

Infl uence of gender may be exerted at diff erent steps of drug 
processing in the body, i.e., absorption, distribution, metab-
olism (mainly in gut and liver), and excretion, corresponding 
to the ADME concept. Among other cytostatics used during 
HSCT, a decreased clearance of MTX, etoposide, doxorubi-
cine and melphalan was found in women. Prolonged half-
life was reported for diff erent therapeutic antibodies, e.g., 
widely used Rituximab [6]. E.g., intersexual diff erences in 
equivalent doses of steroid drugs are readily explained by 
their more rapid metabolization (mostly activation) in wom-
en caused by sex-dependent CYP3A4 expression in liver [7].

An early well-known study by Hunt et al. [8] showed a sig-
nifi cant increase of CYP3A activity (assessed by erythro-
mycin demethylation) in liver tissues from normal females 
compared to males. Meanwhile, Wolbold et al. [7] reported 
2-fold increase in CYP3A levels in females accompanied by 
50% increase in the CYP3A measured as verapamil conver-
sion rates. As reviewed by Fujita [9], there are numerous 
CYP3A substrates among anticancer drugs used in oncohe-
matology, e.g. cyclophosphamide, taxanes, tyrosine kinase 
inhibitors etc.

At the present time, most authors agree that CYP3A4 ex-
pression and function in the liver of females is higher than 
in male persons [10]. However, the CYP3A4 activity is sup-

pressed in acute infl ammation and subject to unpredictable 
changes in cases of multiple drugs used in HSCT practice. 
Th erefore, its role in pharmacokinetics requires special eval-
uation in cases of acute tissue damage, such as intensive an-
ticancer therapy [11].

P-glycoprotein, is another potent modifi er of drug eff ects. It 
is an important tool for the drug effl  ux from target cells [12]. 
Worth of note, most drugs metabolized by CYP3A4 in liver, 
are also subjected to P-glycoprotein-mediated effl  ux from 
the cells, thus providing a dual pharmacodynamic eff ect. In-
terestingly, the drug effl  ux could be reduced in females due 
to lower expression of P-glycoprotein in liver cells [13].  

In general, available data on drug metabolism in females 
suggest an evidence for decreased clearance, higher activa-
tion rates due to increased CYP3A enzyme activities, and 
decreased drug effl  ux from liver cells, thus suggesting high-
er accumulation of active cytostatic drugs in the body, thus 
being predisposed to more expressed cytotoxicity towards 
malignant cells and normal tissues. However, individual 
gender-based drug dosage is not possible, due to drug in-
teractions, genetic polymorphisms (e.g., CYP3A4) and other 
numerous factors modifying the eff ects of metabolizing en-
zymes and p-glycoprotein.

Immune suppressor drugs
Immune suppressor drugs used in post-transplant period 
usually aff ect cellular immunity, mostly, T cell populations. 
Some data about sexual dimorphism of their eff ects are ob-
tained from studies in organ transplantation. E.g., the impact 
of gender on survival of renal allograft s was thoroughly dis-
cussed in a review by Momper et al. [14]. Some controversies 
on sex diff erences in renal transplant survival that could be 
partly explained by the patients’ age, due to diff erential hor-
monal patterns at pre-puberty and post-menopause periods 
of life.

Whatever the exact mechanisms, calcineurin inhibitors (cy-
closporine and tacrolimus), generally, used in posttransplant 
patients exhibited higher clearance rates in women than in 
males [15, 16]. 

Similar increase of sirolimus clearance in females as com-
pared with males was shown elsewhere [17]. Th is diff erence 
may be again coupled to the mentioned CYP3A and P-glyco-
protein alterations in women. 

By contrary, mycophenolic acid (MPA) is also commonly 
used in post-transplant patients. Appropriate studies in a 
group of 100 renal transplants have showed a signifi cant-
ly increased MPA kinetics in males against females, due to 
higher glucuronate conjugation of MPA in male patients 
[18]. Indeed, the in vitro studies have shown that the liver 
samples in men exhibited a 3 to 4-fold higher gene expres-
sion and microsomal activity levels for UGT2B17 conjugat-
ing enzyme compared to women [19]. A conclusion could 
be made that the observed sex-dependent diff erences in 
pharmacokinetics of immunosuppressor drugs occur due to 
main metabolic mechanisms, i.e., drug effl  ux or conjugation 
via common liver enzymes. 
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Gender diff erences for glucocorticoid kinetics were inten-
sively studied over last 25 years. Female sex is, generally, 
associated with lower clearance and, therefore, increased 
prednisolone exposure, as reviewed by Momper et al. [14]. 
Indeed, total body weight-normalized free prednisolone oral 
clearance was shown to be higher in men vs women [20], 
regardless of race (by 22% in whites and 40% in blacks for 
oral clearance, p < 0.01).  

Th us, clearance of diff erent immune suppressors in women 
is higher for cyclosporin A, tacrolimus and sirolimus, where-
as clearance of MPA and glucocorticoids is higher in males, 
probably, due to diff erent conjugation mechanisms of spe-
cifi c drugs.

Infections and immune response
A number of works have demonstrated lesser risks for severe 
posttraumatic infections and multiple organ failure in fe-
males. Most of these studies were performed in experimental 
models [21].

In a seminal large multicentric study involving 20.000 
post-traumatic patients, the signifi cant survival benefi t was 
shown for female patients younger than 50 years [22]. In 
later studies, signifi cantly better outcome was revealed for 
women aft er traumatic injury, severe blood loss and sepsis.  
Better survival of females in these settings are thought to be 
mediated via sex hormone eff ects and in particular, estrogen 
binding to their specifi c cell receptors [23]. 

Most clinical and experimental studies suggest increased 
immunoreactivity, especially, humoral response in females 
compared to males [24]. 

At the average, innate and adaptive immune response in fe-
males is higher than in, thus resulting in lesser susceptibility 
to bacterial, fungal and viral infections, however more pre-
disposed for autoimmune conditions [25]. Both genetic fac-
tors and hormonal molecules contribute independently to 
gender diff erences in immune response. Some immune-re-
lated genes are located on the X chromosome, thus deter-
mining lesser immune response in young males. At later 
ages, estrogen and testosterone become the major regulators 
of immune cell kinetics, their maturation and functions.  
Th us, sexual dimorphism may cause signifi cant diff erences 
in occurrence of infectious or autoimmune diseases between 
females and males. 

A number of studies have shown higher antibody respons-
es and longer half-life of immunoglobulins in females (e.g. 
following vaccination) that are extensively discussed by 
Fischinger et al. [26]. Vice versa, innate immunity and NK 
activity seem to be increased in males. 

Some experimental and clinical studies have shown that the 
ratio of diff erent IgG subclass can vary between in sex-specif-
ic manner. E.g., Simon et al. [27] have revealed that females 
during cytomegalovirus (CMV) infection produce higher 
levels of IgG3, the most active antibody subclass. Moreover, 
as shown by oncologists, female patients respond more eff ec-
tively to rituximab treatment, probably, due to slower clear-
ance and longer half-life of the antibody-based drugs [28]. 

Aiming for space economy, we cannot extensively discuss 
clear sex diff erences in gut microbiome that was already 
discussed by Ruggieri et al. [29]. Th e numerous bacteria 
inhabiting normal microbiome may both metabolize sex 
hormones and produce antigenic landscape for optimal an-
tibody response.

When studying intestinal biopsies in healthy persons, wom-
en had higher levels of immune activation and infl amma-
tion-related gene expression in gut mucosal samples [30], as 
well as signifi cantly higher levels of immune activation-asso-
ciated phenotype of CD4+ and CD8+ T cells from peripheral 
blood. 

Higher humoral immune response to viruses in female HSCT 
patients was confi rmed in several works. E.g., an extensive 
HSCT population was studied by Ljungman and Brandan 
[31]. To study factors determining CMV status, 40.311 pa-
tients and 23.048 donors were identifi ed in the EBMT reg-
istry. Female patients were more likely to be CMV-seropos-
itive (p<0.001). Adjusted for patient serostatus, the risk of 
a donor being seropositive was higher in females (p<0.001) 
and in older donors (p<0.001).

Hence, a more eff ective immune response may be observed 
in females compared to males. Th is diff erence may be ex-
plained by dominant eff ects of female steroid hormones 
which seem to exert mostly proinfl ammatory eff ects, where-
as androgens exerting immunomodulatory properties. Most 
sex-dependent immune diff erences observed in males and 
females, i.e, lower response to infection and vaccination in 
males, or the higher incidence of autoimmunity seen in fe-
males, are ascribed to female steroid hormones which seem 
to exert mostly proinfl ammatory eff ects [32].

Th ere is controversial information on rates of viral infec-
tions. As expected, male sex was shown to be the risk factor 
for BK virus infection following organ transplantation [33]. 
On other hand, as shown by Freeman et al. [34], female sex 
was proven to be associated with CMV disease in solid organ 
transplants (OR, 2.19; 95% CI 1.21, 3.99) and CMV viremia 
(OR, 1.65; 95% CI 1.03, 2.65). 

Th erefore, active treatment with antiviral drugs is oft en re-
quired in cases of viral activation. Sex-dependence of anti-
viral drug kinetics is poorly studied. E.g., transport of these 
drugs to renal tubules is controlled, e.g., by organic anion 
1 (OAT1), an effl  ux transporter at the membranes of re-
nal proximal tubules [35]. A higher ganciclovir clearance 
(+24%) was previously shown for female patients. 

GvHD incidence 
Concerning frequency and severity of acute GvHD in male
vs female recipients of allograft s, most studies did not show 
any sex diff erences incidence or severity when comparing 
male and female patients. Th e only condition associated with 
more common aGvHD and inferior survival is transplanta-
tion of female HSCs transplanted to male recipients, e.g., see 
Inamoto et al. [36]. In this study, GvHD- and relapse-free sur-
vival was assessed at 1 year post-HSCT based on 23.000 cases 
of fi rst transplants. It was associated with some factors, in-
cluding, anti-thymocyte globulin prophylaxis (for standard-
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risk-disease), recent years of transplantation etc. Better sur-
vival was observed with sex combinations other than from 
a female donor to a male patient. Th erefore, female-to-male 
graft ing was found to be of maximal risk for the male pa-
tients.

Meanwhile, prevalence of chronic GvHD showed a more 
distinct dependence on the donor gender. In an early study 
by Locatelli et al. [37], a group of 145 patients with acute 
GCHD and 114 cases at risk for chronic GvHD. Of them, 
107 (74%) presented with acute GvHD (of them, grade II-IV 
developed in 35%). I.e., the incidence of chronic GvHD was 
higher in female-to-male than in male-male donor-recipient 
sex pairs (33% vs 11%, p <0.05), with no diff erence between 
female-to-female and male-to-female pairs. In patients of 
>10 years old, a higher incidence of chronic GvHD was ob-
served in both female donors and recipients compared with 
male donors and recipients (48% vs 20% and 47% vs 19%, 
respectively, p <0.05).

Possible role of female donorship for chronic GvHD was 
also suggested for patients reported by Gaziev et al. [38]. 
Several risk factors included grade I-IV acute GvHD, prior
aGvHD (p=0.000), female donor sex (p=0.000), use of allo-
immune female donors for male patients (0.009) that pre-
dicted chronic GvHD. 

Reduced salivary function (dry mouth) is a common sign 
of chronic GvHD developing aft er allo-HSCT. A total of 
74 adolescents received allo-HSCT and conditioning with 
busulfan or total-body irradiation [39]. In the multivariate 
model, only female sex was signifi cantly correlated with low 
salivation rates several years later. 

Th erefore, donor/recipient sex diff erences, along with other 
biological factors, were still under discussion if compared to 
dominant infl uence of, e.g., HLA matching which may con-
trol the HCST outcomes, as suggested by Confer et al. [40].  
In cases of several available donors, one may select them for 
age, sex, parity, cytomegalovirus (CMV) serostatus, ethnicity 
and ABO blood type. 

Relapses and overall survival
Solh et al. [41] analyzed medical histories for 389 post allo-
HSCT patients who survived and were disease-free for at 
least one year post-transplant, with a median follow-up of 
48.2 months. Th e median 5-year OS overall survival and DFS 
at 5 years were 78 and 74%, respectively. Th e most common 
causes of late mortality were high-risk disease and relapses, 
chronic GvHD, infections, and male sex. Th e risk factors for 
late relapse included male sex and high/very high disease 
risk index. 

Another Turkish study [42] was performed in 193 patients 
with CML subjected to allo-HSCTs between 1989 and 2012 
(before and aft er TKI advent). Despite quite diff erent clinical 
state at HSCT, the rates of hematologic remission at 3 months 
aft er allo-HSCT were similar between TKI and pre-TKI eras, 
the patients having remission had better disease-free surviv-
al. Interestingly, male allo-HSCT recipients had worse DFS 
and OS (RR: 1.7, p=0.007) than females.

Sex diff erences are also shown for late outcomes of auto- and 
allo-HSCTs in r/r Hodgkin’s lymphoma by Japanese work-
ers [43]. Th ey treated 298 and 122 patients, respectively. For 
both autologous and allogeneic HSCT, overall 3-year sur-
vival was dependent on sex, and performance status (PS) 
at HSCT. Following 1st allo-HSCT, female sex at HSCT was 
signifi cantly associated with better progression-free survival 
[RR=0.55 (0.32–0.94)].

In a comprehensive study by Schmid et al. [44], clinical effi  -
ciency of donor lymphocyte infusions was evaluated in 399 
AML cases aft er allo-HSCT (of them, 228 DLI-treated pa-
tients), with a median follow-up of 27-40 months, respec-
tively. Estimated survival at 2 years (+/- standard deviation) 
was 21% +/- 3% for patients receiving DLI and 9% +/- 2% 
for patients not receiving DLI. Among DLI recipients, female 
sex (p=0.02), along with lower tumor burden, were predic-
tive for survival in a multivariate analysis.

Early clinical works on sex diff erences in HSCT outcome 
male-female diff erences in HSCT were presented by Grat-
wohl et al. [45]. Th e authors analyzed clinical outcomes of 
HSCT from HLA-identical female donors for 782 patients 
(438 males and 344 females) with chronic myeloid leukemia 
(chronic phase). Th e risk of transplant-related mortality 
(TRM) and relapse incidence (RI) were compared for male 
and female recipients at early period (up to 3 months), and 
at later times (up to 2-5 years post-transplant). Non-re-
lapse-related mortality risk over 5 years proved to be signif-
icantly increased in male patients than in females (42% vs 
27%; p=0.02), however, without detectable summary eff ect 
on relapse incidence. Th ere was no diff erence in mortality 
and relapse rates at early terms (0 to 3 mo) (zero to three 
months). Meanwhile, the risk of CML relapse was shown to 
be diminished in male patients; this diff erence became de-
tectable only aft er two years of observation (p=0.01).

A summary of clinical studies showing diff erent outcomes 
of HSCT in females vs male patients is presented in Table 1.

Hence, one may suggest that male patients with hematolog-
ical malignancies subjected to allo-HSCT are more prone to 
posttransplant relapses and late mortality.

Female-to-male grafting:
Y-encoded antigens?
Consequences of sex-mismatched HSCT and role of male 
minor antigens in hematopoietic transplantation were dis-
cussed for decades as a factor of HSCT outcomes. E.g., sex 
chromosome-linked minor histocompatibility determinants 
have been shown to aff ect the incidence and severity of graft -
versus-host disease (GvHD) in both humans and animals 
[46]. On the basis of earlier studies done in mice and hu-
mans, it has oft en been assumed that this eff ect is due to a 
simple response of female donor cells recognizing recipient 
male HY antigens as foreign and reacting against them.

Minor histocompatibility antigens (mHAs) recognized by 
donor T cells play a central role as immunologic targets of 
graft -versus-host disease (GvHD) and graft -versus-leukemia 
aft er allogeneic hematopoietic stem cell transplantation 
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Table 1. Gender differences in survival and/or relapse rates for the patients subjected to allo- or allogeneic HSCT

Primary
disorder

Number of cases Donor type Outcome Difference revealed, 
OR, p

Reference

ALL, AML, CML, 
NHL, HD 

389 (m214) MRD, MUD, 
Haplo

Relapse risk beyond 
1 year

Males > females:
HR-1.87; p=0.02

Solh et al., 2018

CML 193 (112m, 81f) MRD (185), 
MUD (8)

Shorter DFS Males > females:
RR:1.7, p=0.007

Özen et al., 2017

HD 298 auto, 122 allo MRD (47),
MMR (20),
MUD (40),
Cord bood (11)

3-year progres-
sion-free survival

Females > males:
RR:0.55 (0.32-0.94), 
p=0.03

Kako et al., 2015

AML, post-HSCT 
relapse

228 allo-HSCT+DLI, 
139m, 89f

MRD, MUD 2-year overall
survival after DLI

Females > males:
RR 1.6 (1.1-2.4), p=0.02

Schmid et al., 2007

CML 438m, 344f MRD, MUD Non-relapse-related 
mortality over 5 
years

Males > females 
(p<0.02)

Gratwohl et al., 2001

ALL, AML, CML, 
NHL, HD

562m, 406f MRD, MUD, 
Haplo

Relapse/progression 
rates beyond 1 year

Females > males 
(p<0.02)

Own data (2019)

(HSCT). Men who have undergone sex-mismatched alloge-
neic HSCT are at high risk for GvHD because of immune 
responses directed against mHAs encoded by antigens en-
coded by some Y chromosome genes [47].

Higher GvL eff ects associated with female donors were sug-
gested by Randolph et al. [48] based on analysis of 3238 pa-
tients who were subjected to HLA-identical HSCT from sib-
lings. As shown in a large sample of HLA-identical HSCTs, 
the male patients transplanted from female donors showed 
higher chances for clinical GvHD, but signifi cantly lower in-
cidence of malignancy relapse. Th e "graft -versus-leukemia" 
eff ect in female-to-male HSCT seems to be independent 
from GvHD in the cases of acute leukemias and chronic my-
eloid leukemia. Th us, possible role of H-Y minor male anti-
gens in GvHD could be suggested.

A clinical study by Alhashim et al. [49] was performed in 
a group of patients with AML in complete remission (215 
cases) aft er allo-HCT from matched siblings, aft er myeloab-
lative conditioning. Seventy-seven (35.8%) patients experi-
enced disease relapse, 45 had BMR, and 32 had extramedul-
lary relapses (EMR). Male sex was the only variable that was 
statistically associated with EMR post allo-HCT, with odds 
ratio of 3.2 (p=0.01).

Recent work by Ayuk et al. [50] was aimed for searching 
potential HLA-related and non-HLA factors impacting 
overall survival in general HSCT practice. Th e authors ob-
served 3215 HSCTs performed between 2005 and 2013 in 
Germany for acute myeloid leukemia (AML) or myelodys-
plastic syndrome (MDS). Th eir donors were HLA-matched 
related (MRD; n=872) or unrelated (10/10 MUD, n=1553) 
or HLA-mismatched unrelated (<10/10 MMUD, n=790). 
Among non-HLA related factors, age, sex mismatching 
(male recipient-female donor), and cytomegalovirus (CMV) 
mismatching (positive recipient-negative donor) seem to

infl uence overall survival. Th eir adverse eff ects may be com-
parable with a single HLA antigen mismatch.

Hence, an increased risk for acute GvHD is observed in co-
horts with female-to male HSCT. Association with graft -ver-
sus-leukemia eff ect in these donor-recipient pairs is not 
proven. 

Sex hormones as potential modi-
fiers of HSCT-associated events
In this respect, experimental animal studies have demon-
strated that a single, small-volume infusion of ethinyl es-
tradiol-3-sulfate (EES) has benefi cial eff ects following trau-
ma-hemorrhage, even in the absence of fl uid resuscitation 
[51]. 

It was demonstrated that estradiol treatment exerted these 
eff ects via estradiol receptors then being able to downregu-
late proinfl ammatory cytokine cascade and intracellular ox-
idative damage following experimental trauma/hemorrhage 
[52].  

In fact, administration of extradiol in experimental trauma/
hemorrhage was associated with reduced TNF-α and in-
creased IL-10 in aff ected rats [53].  

Hence, the survival rates in sepsis may be, in principle, im-
proved by estrogen administration [54]. Vice versa, blockade 
of male sex hormone receptors by antagonist drugs is also 
suggested to boost immune responses in complicated sepsis. 

Similarly, treatment with luteinizing hormone release hor-
mone (LHRH) aft er allo-HSCT in murine experiments 
caused an enhanced thymic reconstitution and better T cell 
recovery, predominantly, among in naive T cell populations, 
with increased T cell functions in vivo and in vitro [55]. Since 
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LHRH provides sex steroid ablation (a decrease in luteiniz-
ing hormone and follicle-stimulating hormone production, 
causing a decrease in gonadal sex steroid production) it may 
represent a promising therapy for enhancement of immuni-
ty in secondary immunosuppression. However, these exper-
iments were performed with female mice only.

Conclusion and future prospects
1. Higher proliferative activity of hematopoietic cells of males 
could be demonstrated by several independent studies, caus-
ing increased background counts of hematopoietic stem cells 
in HSC graft s from males compared to female donors.

2. Metabolism of cytostatic drug in females suggest a tenden-
cy for decreased clearance and higher activation rates due to 
increased CYP3A activities, along with decreased drug effl  ux 
from target cells, thus suggesting higher accumulation of ac-
tive cytostatic drugs in the body.

3. More eff ective and stable immune functions, especially, 
more active antibody response is shown in females com-
pared to males. In allo-HSCT setting, this diff erence may be 
translated into higher risk of chronic GvHD in female pa-
tients aft er allo-HSCT.

4. One may suggest that male patients with hematological 
malignancies subjected to allo-HSCT are more prone to 
posttransplant relapses and late mortality.

5. A number of extensive studies have shown increased risk 
of acute GvHD in cases of female-to male HSCT. Th e issue 
of graft -versus-leukemia eff ect in this donor-recipient pairs 
still remains open.  

6. Estrogen hormones seem to be to most probable cause of 
gender-dependent HSCT-associated events. However, their 
modifying role should vary, depending on the age of pa-
tients. Th erefore, age dependence of sex diff erences in HSCT 
deserves further studies.
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Фактор пола при трансплантации гемопоэтических 
стволовых клеток

Алексей Б. Чухловин
НИИ детской онкологии, гематологии и трансплантологии им. Р. М. Горбачевой, Первый Санкт-Петербургский 
государственный медицинский университет им. акад. И. П. Павлова, Санкт-Петербург, Россия

Резюме
Имеется огромное число исследований, касающих-
ся метаболических, иммунологических и других 
различий между мужским и женским организмом, 
связанных с их различным гормональным и физио-
логическим фоном. Однако лишь немногие работы 
посвящены половым различиям в числе донорских 
гемопоэтических клеток для трансплантации гемо-
поэтических стволовых клеток (ТГСК), фармакоки-
нетике цитостатических препаратов, используемых 
для кондиционирующей терапии и иммуносупрес-
соров для профилактики РТПХ, а также различий 
в плане частых посттрансплантационных осложне-
ний. На основании предыдущих работ можно пред-
положить о ряде различий, которые могут иметь 
значение для оценки результатов РТПХ: (1) Повы-
шенные количества CD34+ клеток в трансплантатах 
от мужчин, по сравнению с донорами-женщинами; 
(2) Метаболизм цитостатических препаратов у жен-
щин имеет тенденцию к сниженному клиренсу и 
повышенной скорости метаболической модифика-
ции в связи с повышенной активности цитохромов 
CYP3A, наряду со сниженным оттоком препаратов 
из клеток-мишеней, что предполагает более выра-
женное накопление активных цитостатических ме-
таболитов в женском организме; (3) Более эффектив-
ный и стабильный гуморальный иммунный ответ у 

женщин по сравнению с мужчинами может выра-
жаться, как в лучшем антиинфекционном ответе, так 
и повышенном риске хронической РТПХ у женщин 
после аллогенной ТГСК; (4) Пациенты мужского 
пола с некоторыми злокачественными заболевания-
ми системы крови после алло-ТГСК более склонны к 
посттрансплантационным рецидивам, хотя сообща-
ют и иные результаты; (5) Повышенный риск острой 
РТПХ у мужчин имеется в случаях алло-ТГСК от до-
норов-женщин. Вопрос о наличии эффекта «транс-
плантат против лейкоза» в этой ситуации остается 
открытым. В целом, эстрогены, видимо, являются 
наиболее вероятной причиной половых различий 
при оценке ТГСК-ассоциированных рисков. Тем не 
менее, модифицирующая роль половых стероидных 
гормонов здесь изучена недостаточно, и она должна 
изменяться в зависимости от возраста пациентов. 
Поэтому реальная значимость половых различий 
при ТГСК заслуживает дальнейших углубленных ис-
следований на больших базах данных.

Ключевые слова
Трансплантация гемопоэтических стволовых кле-
ток, половые различия, фармакокинетика, иммун-
ный ответ, РТПХ, рецидивы, выживаемость, эстро-
гены, исходы.


