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Abstract

Introduction: Solid organ transplantation (SOT) is a lifesaving treatment for end-stage
organ failure. Although many factors affect the success of organ transplantation, recip-
ient and donor sex are important biological factors influencing transplant outcome.
However, the impact of the four possible recipient and donor sex combinations (RDSC)
on transplant outcome remains largely unclear.

Methods: A scoping review was carried out focusing on studies examining the associa-
tion between RDSC and outcomes (mortality, graft rejection, and infection) after heart,
lung, liver, and kidney transplantation. All studies up to February 2023 were included.
Results: Multiple studies published between 1998 and 2022 show that RDSC is an
important factor affecting the outcome after organ transplantation. Male recipients of
SOT have a higher risk of mortality and graft failure than female recipients. Differences
regarding the causes of death are observed. Female recipients on the other hand are
more susceptible to infections after SOT.

Conclusion: Differences in underlying illnesses as well as age, immunosuppressive
therapy and underlying biological mechanisms among male and female SOT recipi-
ents affect the post-transplant outcome. However, the precise mechanisms influencing
the interaction between RDSC and post-transplant outcome remain largely unclear.
A better understanding of how to identify and modulate these factors may improve
outcome, which is particularly important in light of the worldwide organ shortage. An
analysis for differences of etiology and causes of graft loss or mortality, respectively, is

warranted across the RDSC groups.

KEYWORDS
donor-recipient matching, graft dysfunction, infection, mortality, recipient donor sex combination
(RDSC), solid organ transplantation
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1 | INTRODUCTION

In the field of solid organ transplantation (SOT), a recent meta-analysis
incorporating data from 2016 to 2021 with 1 045 380 patients has
shown that female recipients (FR) have a lower mortality post SOT
compared to male recipients (MR), (OR .87; 95% Cl, .83-.92).2 How-
ever, sexual dimorphism in human diseases is a still poorly studied
field.2 Some organs, such as the liver are sexually dimorphic, with over
1000 genes differentially expressed in men and women.® Recipient
donor sex combinations (RDSC) results in four different possible com-
binations (Table 1) and may be grouped in either congruent (male donor
to male recipient [MDMR] and female donor female recipient [FDFR])
or incongruent (female donor to male recipient [FDMR] and male donor
female recipient [MDFRY]).

Sex-related differences of immune responses have been observed
(e.g., female patients exhibit more pronounced immune responses
to influenza).*~7 Previous reviews have shown that males are more
prone to experience severe infections, whilst females tend to have
stronger innate and adaptive immune responses.810 Underlying dif-
ferent genetic mechanisms on a cellular level, sex hormones and their
interaction with environmental conditions (including microbiome mod-
ulation) are largely seen as the reasons for the observed differences
between male and female innate and adaptive immune responses.”’~11
Furthermore, sex differences in pharmacokinetics and pharmaco-
dynamics of immunosuppressive medication, which are particularly
relevant in SOT recipients, have been described.12-17

The extent of the impact of RDSC on clinical endpoints such as
mortality, rejection or infections in organ specific analyses is insuffi-
ciently understood. To our knowledge, there currently is no synopsis
discussing the reported effect of RDSC with its detailed phenotyping
on outcome after SOT. In the following review, we summarize the cur-
rent literature on the relevance of RDSC in solid organ transplantation
for heart- (HT), kidney- (KT), liver- (LiT) and lung transplantation (LuT).

2 | METHODS

A scoping literature search was conducted to identify relevant stud-
ies. The electronic database of pubmed.gov was searched using
different combinations of Medical Subject Headings (MeSH term:s;
e.g., aging/immunology®, epidemiologic factors, female, graft rejec-

* Recipient and donor sex combinations affect outcome after solid organ transplanta-

* While female recipients are more susceptible to infections after solid organ trans-
plantation, they have higher overall survival following SOT, with causes of death
differing from male recipients.

» Sex-differences should be taken into account in the post-transplant management.

tion, heart transplantation®, hospitalization, humans, immune system,
immunity*, immunosuppressive agents, infections®, kidney transplan-
tation®, liver transplantation®, lung transplantation®, male, mortality,
organ transplantation®, postoperative complications, risk factors, sex
characteristics, sex, tissue donors* transplant recipients). Any studies
from inception of the database up to February 2023 were included.
Potentially relevant articles were selected and included based on their
title and abstract. If an article contained relevant information, related
articles suggested by pubmed.gov and other publications cited in the
article were also considered for further investigation. Outcome focus-
ing on mortality, graft rejection, and infection were extracted with
publication dates ranging from 1998 to 2022. No statistical analysis

was performed for this review.

3 | RESULTS
3.1 | Heart transplantation
3.1.1 | Highlights

* Mortality: female recipients have decreased mortality (OR .91) and
FDMR has a 15% 1-year mortality rate (70.4%, respectively 29.6%
15-year overall survival).

* Rejection: conflicting data, female recipients tend to have lower risk.

* Infection: no significant differences shown until now, data are

sparse.

3.1.2 | Mortality

A total of 10 studies were identified assessing mortality after HT
(Table 2). An International Society of Heart and Lung Transplantation
(ISHLT) registry study with 60 584 HT recipients found significantly
differing overall survival (OS) and death censored allograft survival,
with congruent RDSC HT showing superior OS compared to incongru-
ent transplantations (for male recipients (MR): female donors (FD) vs.
male donors (MD) adjusted hazard ratio (HR) 1.10; 95% Cl, 1.04-1.17;
p < .001).28 In a meta-analysis with 76 175 patients, 1-year OS was
significantly improved in congruent compared to incongruent RDSC
HT (odds ratio (OR) 1.30; 95% Cl, 1.25-1.35; p < .001); however, data
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TABLE 1 Possible constellations of recipient sex and donor sex
combinations (RDSC).

Female donor Male donor
Female recipient (FR) FDFR MDFR
Male recipient (MR) FDMR MDMR

Abbreviations: FDFR, female donor female recipient; FDMR, female donor
male recipient; FR, female recipient; MDFR, male donor female recipient;
MDMR, male donor male recipient; MR, male recipient.

quality for in-depth analysis of female recipients was considered too
low as only 21% of all recipients were female.’? In a large cohort
1-year OS for RDSC was best for MDMR (83.74%), followed by
MDFR (82.94%), FDFR (81.92%), with worst survival seen in FDMR
(78.95%).2° Worst short- (1-year 0S)?! and long-term survival for
FDMR in HT was also confirmed by other studies,'® whereas MDMR
proved to be the group with the best survival after 5 years (70.75%;
p <.001).2922 |n contrast, the higher risk for all-cause mortality, as well
as elevated 1-year mortality and higher incidence of graft failure in
FDMR compared to MDMR did not remain significant after risk factor
adjustment in another study.?® In a cohort of 347 HT recipients, RDSC
did not significantly differ in death rates, survival time and incidence
of infection and cardiac allograft vasculopathy (CAV) in the first year
following HT.2* In a 3-year follow-up, MDFR in HT showed higher
mortality rates (MDFR: 41.2% vs. FDMR: 22.5%, p = .023) compared
to the congruent RDSC group (17.9%, p = .002).2°

When congruent and incongruent RDSC were compared, 1-year
OS rates significantly differed with incongruent RDSC transplantation
resulting in an 18% decreased 1-year OS (p = .003).2! However, these
results are most likely affected by a representative bias as male recipi-
ents (n = 135) overpowered female recipients (n = 39) in this cohort.?!
In a review by Previato et al. the outcomes of HT were largely deter-
mined by RDSC rather than recipient or donor sex individually.2¢ The
most frequent causes of death included infection and acute rejection
following HT at the 1- and 3-year follow up analysis.?*2°> Major con-
founding factors for differences of RDSC on survival in HT are likely to
be donor and recipient age as well as organ size mismatch, as it is pos-
sible that a female donor heart might not meet the cardiac demands
in the FDMR constellation.’” Donor under-sizing (weight ratio <70%
recipient weight) occurs in 88.2% of FDMR which is associated with
an increased all-cause mortality (adjusted HR 1.33; 95% ClI, 1.17-
1.52), with a higher HR than size-matching (predicted lean body mass
ratios).’

3.1.3 | Rejection and graft failure

Five studies assessed RDSC for rejection or graft failure after HT
(Table 2). Re-hospitalization within the first year following HT occurred
most frequently due to acute rejection, infection, cardiovascular, and
gastrointestinal complications.?8 Treated acute rejection, female recip-
ients, and incongruent RDSC were identified as some of the significant

predictors of re-hospitalization within the first year after HT.28 A

non-significant trend towards acute rejection was observed with
incongruent RDSC, while female recipients tended to experience more
infections than male recipients.?® Similarly, other studies found that HT
with incongruent RDSC presented with a higher number of rejections
within the first year after HT,2! mainly represented by highest number
of rejection episodes in MDFR HT.2%24 However, another study found
a similar impact of donor sex on acute rejection and CAV in female
recipients and male recipients alike, suggesting that such complications
were not accountable for the observed differing survival rates.'® The
lack of observed differences may, however, be due to poor data quality

confounding their results.'8

3.1.4 | Infection

A non-significant trend towards the development of post-transplant
infections was observed with incongruent RDSC, and female recipients
tended to experience more infections than male recipients.® Infec-
tions proved to be one of the leading causes for readmission within the

first 3 years following HT.2>

3.2 | Kidney transplantation
3.2.1 | Highlights

* Mortality: Female recipients have decreased risk of mortality.

* Rejection: MDFR are at highest risk.

* Infection: Female recipients are at increased risk with variable odds
ratio.

3.2.2 | Mortality

Female recipients have decreased risk of morality after KT (OR .82;
95% Cl, .76-.89), but heterogeneity amongst available publications
was high (12 = 72%)! (Table 3). Early re-hospitalization appeared
to be associated with increased mortality especially in younger KT
recipients (age 18 to <65 years; adjusted HR 1.52; 95% Cl, 1.47-
1.57; p < .001).2% A recent meta-analysis including 466 892 patients
assessed in age stratified groups the impact of RDSC and found a higher
excess mortality risk in female recipients, prominent in the MDFR

group.30

3.2.3 | Rejection and graft failure

Incongruent RDSC was not a risk factor for graft failure, when ana-
lyzed separately.%! In every RDSC, kidney transplant recipients with
body weight-mismatch (recipient weight > donor weight), presented
with an increased risk of graft failure or death with a functioning
graft.3132 The highest risk for graft failure was observed in incon-

gruent RDSC with recipients weighing >10 kg more than the donor
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MAGYARET AL.

compared to congruent RDSC with <10 kg (multivariate HR 2.00; 95%
Cl, 1.15-3.48; p = .014).3! Similarly, incongruent RDSC with a weight
mismatch >30 kg was identified to have the highest risk of graft fail-
ure (MDFR: adjusted HR 1.50; 95% Cl, 1.32-1.70 and FDMR: adjusted
HR 1.35; 95% Cl, 1.25-1.45).32 In this cohort, MDFR, FDFR, and FDMR
combinations tended to have an increased risk of graft failure, com-
pared to the MDMR combination,3? possibly being confounded by the
size-mismatch.

Overall, the combined risk of graft loss and death was 22%-45%,
whereas the latter was observed in recipients who required hospi-
talization for pyelonephritis (IRR 1.22; 95% Cl, 1.01-1.48; p = .043)
in a median follow-up of 4.3 years.3® ABO-incompatible versus ABO-
compatible KT recipients necessitated more frequent treatment for

rejection.3*

3.24 | Infection

Female recipients have been reported to be at increased risk for devel-
oping aurinary tract infection (UTI) following KT (pooled OR 3.11; 95%
Cl, 2.10-4.13; p < .01).3335-37 Independent risk factors for bacterial
UTI in recipients of kidney and kidney-pancreas transplants were age
(multivariate OR per decade 1.10; 95% Cl, 1.02-1.17; p = .001), female
sex (multivariate OR 1.74; 95% Cl, 1.42-2.13; p = .001) and the need
for immediate post-transplant dialysis (multivariate OR 1.63; 95% Cl,
1.29-2.05; p = .001).3” Graversen et al. showed that risk factors for
first-time hospitalization for pyelonephritis included female sex (alRR
2.04; 95% Cl, 1.59-2.61; p < .001).% In younger KT patients, female
recipients exhibited a slightly increased risk for early hospital read-
mission (aRR 1.05; 95% Cl, 1.02-1.07; p < .001), whereas older male
recipients and older female recipients had a similar risk (aRR .96; 95%
Cl, .92-1.00; p = .07).2? Moreover, female recipient was an indepen-
dent risk factor for post-transplant infection within the first 6 months
following KT for the elderly (>60 year-old: multivariate HR 1.398; 95%
Cl, 1.199-1.631, p < .001) and the younger recipient (<60 year-old:
multivariate HR 1.323; 95% Cl, 1.103-1.587, p = .003) group alike.3¢
Similarly, female recipient (multivariate OR 1.89; 95% Cl, 1.01-3.55;
p = .047) was one of the identified predictors of infectious com-
plications in a cohort of simultaneous KT-LiT recipients undergoing
rejection therapy.®® No relationship was observed between infection
and recipient and donor sex in a study population, in which pulmonary
infections (45.9%) were most frequent, followed by intra-abdominal
infections (21.2%) and a relatively low rate of UTI (17.6%).%° However,
there was no separate analysis of the four RDSC.

Overall, infections are the predominant cause for hospital readmis-
sion within the first year following KT (49%, n = 202/296).*! Bacterial
infections are most frequent after KT, followed by viral infections,
with fungal and parasitic infections being much rarer.3436:4243 yT]|
after KT are the most common infectious complication, albeit with
decreasing prevalence since the 1990s.34424445 |n a meta-analysis of
13 studies (n = 3 364), the pooled prevalence of UTIs in KT recipients
was 38.0% (95% Cl, 29%-47%; p < .01).3> In a multivariable analy-
sis, higher plasma creatinine concentration at the end of the first year

after KT, end stage kidney disease due to diabetes, longer duration of

ll:linicul TRANSPLANTATION WILEY-_2""

pretransplant dialysis and low plasma albumin remained risk factors
for infection-related death.*> Similar infection rates, range of causing
pathogens and involved anatomical sites (e.g., UTI, respiratory tract)
were reported for patients receiving an ABO incompatible and ABO
compatible renal transplant.3*

3.3 | Liver transplantation
3.3.1 | Highlights

* Mortality: conflicting data - whilst some authors found female recip-
ients to have a lower mortality, others found the opposite to be
true.

* Rejection: Male recipients are at an increased risk for rejection with
FDMR constellation showing rates of up to 51% at 15 years.

* Infection: Inconclusive overlapping results. Studies are warranted.

3.3.2 | Mortality

Six studies were identified in which recipient sex after LiT was evalu-
ated; however, none specifically evaluated RDSC (Table 4). While four
studies showed a worse survival in male recipients,»#~48 two studies
showed identical results in female recipients.*?°° Serrano and col-
leagues reported an increased mortality in female LiT recipients during
the first 48-months post-transplant (e.g., male recipient to female
recipient 1-month mortality HR .82; 95% Cl, .70-.97; p = .019 and
1-year mortality HR .88; 95% Cl, .80-.98; p = .014), but no signifi-
cant differences were observed with regard to 5-year OS (HR .97; 95%
Cl, .90-1.05, p = .445).*? They identified infections to be the most
common cause of death, accounting for 18.4% (684/3 723 in 11 914
recipients) of deaths in male recipient vs. 22.7% (282/1 241 in 4 069
recipients) in FR.4? In 317 patients (65.3% male) male recipient was
protective for long-term 14-year mortality (multivariate HR .52; 95%
Cl,.34-.80; p=.003) with the 5-year OS 66.5% (95% Cl, 61%-72%) and
10-year OS 58% (95% Cl, 52%-65%).°0 A meta-analysis found female
recipient sex to be protective with regard to mortality (multivariate
OR .89;95% Cl,.86-.92).1 An analysis of the European Liver Transplant
Registry (ELTR) with 46 334 patients from 2002 to 2012 has shown
male recipients to have a lower 10-year OS (59% vs. 66%, p < .001),
with multivariate analysis indicating male recipient sex as a risk factor
(HR1.11;95%Cl,1.07-1.15; p <.001) as well as incongruent RDSC (HR
1.09;95% Cl, 1.03-1.15;p = 001).%6 Causes of death exhibited signifi-
cant sex-specific differences for primary non function (female vs. male
recipient, 3.6% vs. 2.7%; p = .03), tumor recurrence (10.1% vs. 14.4%;
p <.001) or de novo tumor (5.1% vs. 7.7%; p < .001).%6

3.3.3 | Rejection and graft failure

In a meta-analysis, incongruent RDSC in LiT was associated with a
significantly increased occurrence of graft loss (OR 1.30; 95% ClI,
1.13-1.50; p <.001) when compared to congruent RDSC, with FDMR
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representing the highest risk (OR 1.83; 95% Cl, 1.20-2.80; p = .005).
This correlation was not statistically significant for MDFR.>1 In 1042
patients with LiT, improved graft survival was observed in congruent
RDSC compared to incongruent RDSC (p = .047), with FDMR experi-
encing the worst graft survival among all RDSC (multivariate HR 2.09;
95% Cl, 1.27-3.46; p = .004).52 These findings are in line with the
15-year survival rates by Schoening and colleagues.’® Primary non-
function, vascular thrombosis, and recurrent hepatitis C virus (HCV),
which are known risk factors for graft failure, occurred more frequently
in FDMR transplantations.? Additionally, if stratified according to
RDSC, graft loss after LiT due to infections differed relevantly (MDFR
17.2%; FDMR 14.4%; MDMR 14.1%; FDFR 12.6%).°% Interestingly,
whilst female donor sex is a risk factor for graft loss from hepatic artery
thrombosis (multivariate RR 1.63; 95% Cl, 1.42-1.87; p <.001) female
recipient sex is protective for the latter complication (multivariate
RR .81;95% Cl,.70-.94; p = .004).>*

3.34 | Infection

Infectious complications pose a major challenge after LiT, occurring
in 45% of all patients (143/317) during the first 6 months.’® Of
these, 24.8% (59/238) developed bacteremia and 16.4% (39/238)
septic shock.’® Abdominal infections (e.g., cholangitis and peritoni-
tis) (37.4%, 89/238) were observed to be most frequent, followed by
pneumonia (15.1%, 36/238), surgical site infections (13.8%, 33/238),
viral infections (6.7%, 16/238), UTI (6.3%, 15/238), fungal infections
(4.2%, 10/238) and line infections (3.8%, 9/238).°° One year after
transplantation, cholangitis (19.7%, 51/259) was the leading type of
infectious complication, followed by pneumonia (19.3%, 50/259) and
sepsis (14.3%, 37/259).°°

One study reported pre-transplant infection (multivariate OR 1.23;
95% Cl, 1.00-1.50; p = .05) and extended post-operative intubation
(multivariate OR 1.34; 95% Cl, 1.13-1.59; p < .01) to be the only risk
factors for early (within first 30 days) post-transplant bacterial infec-
tions, while no association with other characteristics, such as age and
sex, were observed in this cohort.”® Higher rates of bacterial and fun-
gal infections within first year following LiT were observed in living
donors (53.9%, 34/63) compared to deceased donors (33.3%, 15/45).57
This was true for bacteremia (p = .006), respiratory tract infections
(p=.009) and intraabdominal infections (p <.001).” In this cohort too,
recipient sex was not a risk factor for infection.>” Furthermore, donor
age > 45y (OR 2.47; 95% Cl, 1.217-5.232; p = .012), choledochoje-
junostomy (OR 5.41; 95% Cl, 2.540-11.758; p < .001) and post-LiT
portal hypertension (OR 2.74; 95% Cl, 1.155-6.329; p = .023) were
identified to be independent risk factors for development of bacte-
rial cholangitis, but no differences were observed regarding sex of the
recipient or donor.>® Moreover, age, sex and CMV status did not alter
occurrence of late infections.>”

In contrast, viral infections (e.g., CMV, herpes simplex virus [HSV]
and varicella zoster virus) were more common in female recipients
compared to male recipients within first 3 months after LiT (54.7%
vs. 45.3%, p = .004; 51.6% vs. 48.4%, p = .005; 54.5% vs. 45.5%,

p = .027, respectively) and risk factors determined in multivariate
analysis included female recipient for infections with CMV (OR 1.80;
95% Cl, 1.09-2.97; p = .029) and HSV-1 (OR 2.36; 95% Cl, 1.14-4.90;
p=.021).>?

3.35 | Other

Sex-related differences are also observed with regard to indications
for LiT.>223¢0 For instance, in male recipients major indications for
LiT include alcohol-induced cirrhosis and hepatocellular carcinoma,
whereas female recipients are more often listed for cholestatic and
autoimmune diseases.’2°3¢0 |n the pre-transplant period, female
recipients suffering from cirrhosis are more often hospitalized for
acute bacterial infections (34.9% vs. 28.2% in male patients; p < .001;
with a marked difference in UTI incidence).®® However, some infec-
tious complications, including spontaneous bacterial peritonitis (3.2%
in female vs. 3.9% in male patients; p < .001) as well as cellulitis and
abscesses were more frequently found in male patients (6.4% in male
vs. 5.4% in female patients; p < .001).6 In a recent ELTR study by
Germani et al., hepatocellular carcinoma recurrence was responsible
for the death of 10.1% (n = 13 678) in female recipients and 14.4%
(n = 32 656) in male recipients (p < .001).*¢ However, the RDSC sub-
groups have shown different clinical characteristics, possibly resulting
in confounded/biased results.

Regarding biliary anastomotic stricture, FDMR was identified as a
significant risk factor in univariate analysis (p = .020).%2 In line are find-
ings by Karakoyun et al., where male recipient sex was a risk factor
in the univariate analysis (p = .008), but did not persist in the mul-
tivariate analysis (HR 1.78; 95% Cl, .95-3.33; p = .072).%% However,
this non-significant trend in the multivariate analysis might be affected
by underpowering (observed biliary strictures females 12.8% [17/133],
male 24.0% [67/279]).

3.4 | Lung transplantation
3.4.1 | Highlights

* Mortality: female recipients are at an increased risk for mortality.

* Rejection & Infection: inconclusive or no data available.

3.4.2 | Mortality

Ten LuT studies were identified assessing the impact of recipient sex
and RDSC on mortality (Table 5). Incongruent versus congruent RDSC
resulted in equal outcomes when looking at early graft function, short-
term mortality and long-term survival.®* There was nevertheless, a
trend towards improved long-term survival in FR, irrespective of donor
sex, albeit non-significant.®* Similarly, other studies found no differ-
ences in 30-day mortality®® and long-term survival®®¢’ between the

RDSC groups. In contrast, in another cohort of 461 LuT recipients,
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female recipient had lower mortality rates (multivariate HR .5; 95%
Cl,.3-.9; p = .023).%8 When evaluating 5-year OS, highest rates were
seen in FDFR (80%), followed by MDFR (72%) and MDMR (63%), with
a significant reduction observed in FDMR (47%) (p = .0001).%8 Incon-
gruent RDSC was reported to be the only risk factor for mortality in
multivariate analysis (HR 1.8; 95% Cl, 1.1-2.8; p = .01).8 Furthermore,
a previous analysis of 9651 patients from the ISHLT registry confirmed
better OSin FDFR (HR.92; 95% Cl, .87-.98; p < .05) and decreased OS
in FDMR (HR 1.12; 95% Cl, 1.01-1.23; p < .05).6?

3.4.3 | Rejection and graft failure

The incidence of acute rejection ranges between 4% and 28%,7°
with chronic lung allograft dysfunction seen in up to 40% of LuT
recipients.”! No differences were found in rejection rates among male

and female recipients in a cohort of 203 patients.”?

3.4.4 | Infection

Readmissions within the first year after LuT were commonly due
to infectious events.”3"7¢ Bacterial infections are the most frequent
complication after intensive care unit (ICU) discharge and bacterial
pneumonia are the most common cause of ICU readmission (36.6%,
56/153).”7 Patients who suffered from pneumonia during their ICU
readmission showed an increased mortality (aOR 2.5; 95% Cl, 1.0-7.1;
p < .05) and pneumonia was the prevailing cause of death.”” In a study
assessing cytomegalovirus (CMV), infected (defined as published by
Ljungman et al.”®) recipients had an increased 10-year mortality after
lung transplantation (adjusted HR 1.39; 95% Cl, 1.03-1.87; p = .033)
but no association was observed between recipient sex and outcome,’”?
whilst no in depth analysis of RDSC were performed.

3.4.5 | Other

Mollberg et al. found no association between recipient sex and hospital
readmission after LuT.”® In contrast, Lushaj and colleagues identified
in their cohort male recipients to be a risk factor for readmission (HR
1.82; 95% Cl, 1.06-3.11; p = .032).7° In the latter study the five most
common causes for readmission were diagnosed as respiratory infec-
tions, respiratory adverse events, rejection, gastrointestinal events and

renal.”®

4 | DISCUSSION

Present data suggest that female recipient sex is associated with bet-
ter survival following SOT. However, these data are mainly based on
relatively small numbers, as female recipients are underrepresented
in the studied cohorts.! Recipient sex appears to play a major role,

but donor sex should not be disregarded, as currently available evi-

dence suggests that both characteristics have an influence. Female
and male SOT recipients are affected by different preconditions (e.g.,
main pathology indicating the need for transplantation, associated
co-morbidities), which might lead to different short and long-term out-
comes after solid organ transplantation. From a clinician’s point of view,
the term ‘recipient donor sex combination’, appears to better suit clini-
cal application rather than the temporal/spatial sequenced term ‘donor
recipient sex combination) as the recipient’s sex status is stronger
associated with outcome measures than the donor’s sex. This further
highlights the importance of incorporating RDSC-stratified outcome
analyses after SOT. RDSC is likely to have arelevant impact on outcome
after SOT, not only influencing organ acceptance but also affecting
post-transplant management alike, as certain risks such as allograft
rejection?1:24.28.31.32.5152 and occurrence of infections28:3335-39 may
vary fundamentally.

While many studies mention recipient sex and its influence on SOT
outcome, stratification according to RDSC is often neglected and miss-
ing. This may in part be associated with national legal restrictions on
data protection of donor characteristics.

Furthermore, the impact of other donor characteristics and
mismatch-problems with the recipient such as age?? and body
weight3132 (as a surrogate for donor organ size/weight) has been
primarily evaluated in KT and HT. It is possible, that the impact of
these characteristics may be distinctly different within the RDSC
constellations. Additionally, studies evaluating ethnical (e.g., through
metabolomics differences®9-82) socio-cultural disparities®® and their
impact on outcome after SOT are warranted. These biological charac-
teristics (e.g., sex, age, bodyweight and underlying preconditions) need
to be adjusted for by case-matching or propensity-score matching
analysis. However, the relevance of RDSC is possibly fundamen-
tally different depending on the type of SOT as, for example, in the
sexually dimorphic liver, estrogen promotes bile duct growth in the
early post-LiT period®* and has been argued as a promotor of liver
regeneration.®®

However, as most countries experience donor organ shortage,8¢:87
it is unlikely that an incongruent RDSC will result in refusal of an
offered organ. Incorporating the knowledge of the possible challenging
combination of RDSC on SOT outcome and incorporating this aware-
ness in the postoperative patient care will allow for a more individu-
alized, patient-tailored approach within the peri- and post-transplant
setting in SOT recipients. Establishing algorithms to integrate such
risk factors-in the nearby future probably with the help of machine
learning-will allow us to provide true precision medicine in the field of
transplantation.

To summarize, the combination of donor and recipient sex impacts
the outcome after solid organ transplantation, not only influencing
organ acceptance but also affecting post-transplant management
alike, as mortality, allograft rejection and occurrence of infections
vary greatly depending on donor and recipient sex. Currently, in the
vast majority of the studies, the impact of RDSC in SOT often remains
underreported, and where present, there is often a lack of consistency
how this value is reported. To our knowledge, no study was designed

to evaluate sex-related differences of infectious complications
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throughout all SOT patients. Additionally, an analysis for differences of
etiology and causes of graft loss or mortality, respectively, across the
RDSC groups is warranted.
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