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Given that pregnancy is an immune-sensitizing event, female kidney transplant recipients who receive allografts
from their offspring or husbands may have a higher risk of rejection and graft failure due to pre-sensitization
acquired during pregnancy or childbirth. We investigated the association between donor relatedness (i.e., off-
spring, husband, unrelated) and graft survival among female living-donor kidney transplant (LDKT) recipients
with pregnancy histories.

From January 2009 to January 2018, a total of 2060 LDKTs were performed at Asan Medical Center, Seoul, Korea.
After excluding HLA-incompatible transplantation, re-transplantation, and those without a clear history of child-
birth, 390 female recipients were included and categorized into group | (offspring-to-mother, n=175), group |l
(husband-to-wife, n=159), and group Il (unrelated, n=56). The primary endpoint was biopsy-proven acute re-
jection (BPAR) and graft survival. We also evaluated delayed graft function (DGF), death-censored graft failure,
and mortality.

Group | had the lowest number of HLA mismatches (p<0.001), and group Il had the highest number of ABO-
incompatible transplantations (p=0.005). At 5 years after transplant, graft survival and death-censored graft
survival did not significantly differ among the 3 groups (graft survival: 96.0% vs. 95.5% vs. 93.3%, p=0.685;
death-censored graft survival: 98.3% vs. 97.5% vs. 100%, p=0.732). Five-year BPAR-free survival showed no
significant differences among the 3 groups (88.6 vs. 88.7 vs. 88.6%, p=0.842). Group Il had the highest rate of
clinical rejection (p=0.103) and DGF (p=0.174), but the difference was not statistically significant.

Female LDKT recipients with possible pregnancy-related pre-sensitization who received grafts from offspring
or husbands did not show significantly worse clinical outcomes than those who received grafts from unrelat-
ed donors.
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Background

Kidney transplantation confers a significant survival benefit in
patients with end-stage renal disease [1]. However, the short-
age of donors remains the major obstacle for kidney trans-
plantation worldwide [2]. Living-donor kidney transplantation
(LDKT) has significantly increased the size of the donor pool,
and living donor provides the greatest opportunity for max-
imizing long-term survival of both patients and grafts [3-5].
Graft survival rates in kidney transplants from living-related
and living-unrelated donors are equivalent regardless of oth-
er donor- and recipient-related factors, and are superior to
the rates of deceased-donor transplants [6-8]. Living-related
and living-unrelated kidney transplantation also have similar
allograft survival rates.

However, the effect of donor-recipient relatedness in kidney
transplantation in women with a history of childbirth and the
possibility of pre-sensitization is unclear. Animal studies on ma-
ternal immune response to the fetus during pregnancies sug-
gest that populations with an antigen-experience repertoire may
have better long-term survival of grafts [9]. While multiple fac-
tors contribute to graft survival, HLA matching is a critical de-
terminant of long-term graft outcome [10-12]. However, given
that pregnancy is an immune-sensitizing event with specificity
for spousal and offspring HLA, it is possible that women with a
history of childbirth may have a higher risk of acute or chronic
rejection and negative long-term outcomes [13]. However, there
is no empirical evidence showing the long-term patient and al-
lograft survival outcomes among female recipients of LDKT.

In this study, we evaluated the association between donor relat-
edness (i.e., offspring, husband, unrelated) and graft outcomes
among female recipients with prior donor-specific alloimmuni-
zation during pregnancy in order to assess whether offspring-
to-mother and husband-to-wife transplants are inferior to un-
related transplantation in terms of clinical outcomes in LDKT.

Material and Methods

Study population

From January 2009 to January 2018, a total of 2680 patients un-
derwent kidney transplantation at Asan Medical Center (Seoul,
Korea), 2060 of whom underwent LDKT (Figure 1). Among
a total of 864 female LDKT recipients, cross-match-positive
transplants (n=24) and re-transplantation (n=49) recipients
were excluded. There were 5 patients who received re-trans-
plantation and showed a positive cross-match. Those without
(n=37) or unknown (n=7) childbirth history were also excluded.
Complement-dependent cytotoxicity cross-match and flow cy-
tometry were evaluated prior to transplant. Cross-match-positive
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was defined by either positive complement-dependent cytotox-
icity cross-match, positive flow cytometry, or both. Childbirth
history was determined based on the nursing information in
the medical records. Finally, 390 female recipients were se-
lected for analysis and categorized into 3 groups: offspring-to-
mother (Group I, n=175), husband-to-wife (Group II, n=159),
and unrelated donors (Group lll, n=56). Group Ill consisted
of transplants from all living donors other than maternal-off-
spring or spousal relationships. This study received approval
from the Institutional Review Board of Asan Medical Center
(IRB number: 2014-0776). The clinical and research activities
are reported in accordance with the Declaration of Istanbul
on Organ Trafficking and Transplant Tourism. All living organ
donations were approved by the Korean Network for Organ
Sharing (KONOS) under the Organ Transplantation Act (OTA).

Immunosuppressants

Basiliximab was mainly used as the induction regimen, while
rabbit anti-thymocyte globulin (Thymoglobulin®, Genzyme,
Cambridge, MA) was used in patients with immunological risk
factors, including highly sensitized individuals and those with
complications due to long-term use of steroids. The mainte-
nance immunosuppressive regimen was a combination of cal-
cineurin inhibitor (cyclosporine, tacrolimus), anti-metabolite
(mycophenolic acid), and prednisolone.

In cases of ABO-incompatible kidney transplant, rituximab (200
mg) was used for desensitization 2 weeks before transplanta-
tion; the immunosuppression regimen was not different from
that in ABO-compatible kidney transplants.

Clinical outcomes

We compared the rate of biopsy-proven acute rejection among
the 3 groups. We assessed the rate of clinical rejection defined
by clinical presentation and laboratory test results. We also as-
sessed the de novo donor-specific antibody (DSA) formation,
delayed graft function (DGF), graft survival, and mortality in
each group. DGF was defined as the requirement for dialysis
in the first week after kidney transplantation.

Statistical analysis

Continuous data were compared using one-way ANOVA, t
test, or Mann-Whitney U-test according to the distribution of
the variables. Results are presented as mean+SD. Categorical
data were compared using the chi-squared test. Kaplan-Meier
curves and log-rank tests were used to describe and compare
the rates of graft survival and biopsy-proven acute rejection
(BPAR)-free survival. Cox proportional hazards model analysis
was performed to assess the outcomes of graft survival and
acute rejection, using hazard ratios (HRs) and 95% confidence
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Figure 1. Flow diagram of the study.

Female recipients with pregnancy history
n=175 n=259

2) Husband to wife grafts

n=159 n=>56

3) Other unrelated donor KT recipients

intervals (Cls). We selected variables that are known to have
an important impact on the outcomes, including age, BMI, HLA,
and ABO mismatch and pre-transplant DSA [14]. Adjusted vari-
ables with p<0.2 on univariate analyses were included as vari-
ables for multivariate analyses. Multiple imputation was used
to address missing data.

All statistical analyses were performed with the SPSS Statistics

for Windows, version 18.0 f (SPSS, Inc., Chicago, IL, USA) with
a p value of <0.05 as the criteria for statistical significance.

Results

Baseline characteristics of donors and recipients

Table 1 shows the baseline characteristics of the study popu-
lation. Recipients in group | were significantly older (p<0.001)
and had a higher body mass index (p<0.001) compared with
the other groups. The mean duration of hemodialysis before
kidney transplantation was significantly longer in group Ill com-
pared with the other groups (p=0.032). The number of HLA
ABDR mismatches (2.4+0.9 vs. 4.4+1.2 vs. 4.5+1.2, p<0.001) and
HLA DR mismatches (0.8+0.4 vs. 1.6+1.2 vs. 1.4+0.6, p<0.001)
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were significantly lower in group | compared with the other
groups. ABO-incompatible kidney transplant was more fre-
quent in group Il compared with the other groups (20.0% vs.
34.0% vs. 17.9%, p=0.005).

Donors in group | were significantly younger (29.5+7.5 vs.
49.0+8.6 vs. 42.9+9.0 years, p<0.001) compared with those
in the other groups. The hospitalization period was the lon-
gest in group Il, but the difference was not statistically sig-
nificant (p=0.072).

Patient survival and death-censored graft survival

There were 4 (2.3%), 3 (1.9%), and 3 (5.4%) cases of mortality
in group I, group I, and group IIl, respectively (p=0.352). Causes
of mortality were pneumonia (n=4), septic shock (n=3; acute
cholangitis, small-bowel infarction, urinary tract infection), ma-
lignancy (n=1), suicide (n=1), and unknown (n=1). Group | and
group Il each had 1 case of death-censored graft failure while
group Il had none (p=0.709). At 5 years after transplant, graft
survival and death-censored graft survival did not significantly
differ among the 3 groups (graft survival: 96.0% vs. 95.5% vs.
93.3%, p=0.685; death-censored graft survival: 98.3% vs. 97.5%
vs. 100%, p=0.732) (Figure 2). Univariate and multivariate Cox
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Table 1. Baseline characteristics.

Group | Group Il Group Il
(Offspring to mother) (Husband to wife)  (Other unrelated donor) P-value
(N=175) (N=159) (N=56)

Recipient

 MeanageysdD) 556166 agas81 51.4:105 - 0001
© Body mass index, kg/m? (SD) 233834 217433 2331 0001
© Duration of dialysis, months (D) ~ 18.0+206  19.0¢362 439+634 0032
Typeofdialysisn (%) . 0839
"""" Hemodialysis 113 (646) 114 (L7) 37 (661
"""" Peritoneal dialysis 19 (109 15 (©4 6 (o7
"""" Diabetes melltus,n (%) 45 (57) 28 (176) 10 (179 015
"""" Hypertension,n (%) 156 (89.1) 134 (843) 44 (786) 0119
* Primarycause of ESRD,n (%) . o002
"""" Hypertension 41 (34 22 (138 8 (43
"""" Diabetes melltus 42 (2400 20 (18 8 (143
"""" Glomerulonephrits 18 (103) 11 (€9 7 (2%
"""" lgAnephropathy 21 (1200 25 (51 5 ®9
"""" G 1 ©0® 5 GY o ©
"""" Polycystic kidney disease 4 (3 10 63 4 @y
"""" Unknown 38 QL) 4 @z 17 (o4
"""" Others 10 7 13 ) 7 (2%
 History of malignancy,n (%) 10 (57 6 (68 6 (107) 0154
* Number of HLA mismatch (ABDR), (D) 24509 44212 a5e12 0001
""" Number of HLA mismatch(DR), (SD) 08204 16:12  14:06 <0001
 Pretransplant DSA,n (%) 6 GL) 5 (3219 9 (05 0318
© ABOincompatibleKT,n (%) 35 (000 54 (340) 10 (179) 0005
Immunosuppression
nduction,n %) . o033
"""" Basilximab 13 (919) 120 (956) 47 (79
~ Thymoglobuln 4 @n 6 44 o 0o
"""" Noe 8 (54 o (O 1 @y
© Caldineurin inhibitor,n (%) 0001
"""" Cyclosporine 4 (3100 26 (08 16 (40
 Tacolmus 97 (683 99 (792 31 660
~ Antimetabolite,n (%) . o061
"""" Mycophenolate mofetil 85 (599) 75 (595 30 (638
"""" Myforticacd 48 (338 40 (GL7) 14 (98
 Asathioprine s 65 2 e 1 ey
"""" Cyclophosphamide =~ o (©0 2 (e o ©o
"""" Nne 4 @y 71 G& 2 @
CSteroid,n (%) . oo
"""" Maintenance 139 (979) 124 (984) 46 (79
"""" Steroid withdrawal 3 @1 2 @§ 1 @y
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Table 1 continued. Baseline characteristics.

Group |
(Offspring to mother)
(N=175)

Group Il
(Husband to wife)
(N=159)

Group Il
(Other unrelated donor)
(N=56)

P-value

14.6+11.7

Hospitalization duration, day (SD)

16.4+11.5 16.0+8.3

SD - standard deviation; ESRD — end-stage renal disease; FSGS — focal segmental glomerulosclerosis; HLA — human leukocyte antigen;
DSA - donor-specific antibody; KT — kidney transplantation; eGFR — estimated glomerular filtration rate; CKD-EPI — Chronic Kidney

Disease Epidemiology Collaboration.
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Figure 2. Rates of graft survival and death-censored graft survival at 5 years after transplant. (A) Graft survival rates (96.0% vs. 95.5%
vs. 93.3%, p=0.685) and (B) death-censored graft survival rates (98.3% vs. 97.5% vs. 100%, p=0.732). Kaplan-Meier curves
and log-rank tests were used to describe and compare the rates of graft survival.

proportional hazards modeling showed that the relationship to
the donor was not significantly associated with graft survival
(Table 2) or death-censored graft survival (Table 3).

Biopsy-proven acute rejection, clinical rejection, DGF,
de novo DSA

There was no significant difference in the rate of BPAR (9.2 vs.
11.3 vs. 10.7%, p=0.801), and 5-year BPAR-free survival showed

This work is licensed under Creative Common Attribution-
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no significant differences among the 3 groups (88.6 vs. 88.7
vs. 88.6%, p=0.842) (Figure 3). The clinical rejection rate was
higher in group Il (10.7%) compared with the other groups (4.6
and 7.1% in group | and Ill, respectively), but without statistical
significance (p=0.103). DGF was highest in group Il (6.9%), but
there was no statistically significant difference (3.4 and 1.8%
in group | and IlI, respectively, p=0.174). However, 9 (16.1%)
patients in group Ill developed de novo DSA, which was a sig-
nificantly higher rate compared with 5 (2.9%) in group | and 9
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Table 2. Cox proportional hazards model analysis of graft survival.

Univariate Multivariable
Hazard ratio 95% Cl Hazard ratio 95% Cl

Donor creatinine 3.97 0.10 162.5 0.466

BMI — body mass index; HLA — human leukocyte antigen; DSA — donor-specific antibody; Cl — confidence interval.

Table 3. Cox proportional hazards model analysis of death-censored graft survival.

Univariate
Hazard ratio 95% Cl

Group

Offspring to motherl 7777777777777777777777777777777777777777777777777777777777777777777777777777777777 0998 77777777777

Husbandtowife 107 01s 758 0948

eheonde Inf|n|ty 777777777777777777777777777777777777777777777777777777777777777777777777777777 0995 77777777777
e 09a 083 s 0243
BMI T 088 157 0280
?X‘Brgz‘;r of HLA mismatch 1.03 0.52 2,07 0.924
Number of HLA mismatch OR) 209 043 1447 0309
PretransplantDSA 149 01s 1487 0736
ABO-incompatibilty 109 011 1044 0944
Cold ischemic time 101 098 4 0685
Donorage 097 089 06 0448
Donor creatinine 266 0003 2320 077

BMI — body mass index; HLA — human leukocyte antigen; DSA — donor-specific antibody; Cl — confidence interval.

(5.7%) in group Il (p=0.001). Univariate and multivariate Cox ~ Discussion

proportional hazard modeling showed that recipients with pre-

transplant DSA had significantly higher BPAR [HR 2.10, 95% Due to the shortage of organ donors, living donation from off-

Cl 1.06-4.15] (Table 4). spring and spouses remains an important source of organs
for female transplant candidates [15]. However, it is unclear
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Figure 3. Five-year BPAR-free survival rates (88.6 vs. 88.7 vs.
88.6%, p=0.842). Kaplan-Meier curves and log-rank
tests were used to describe and compare the biopsy-
proven acute rejection (BPAR)-free survival.

whether such related donors are the best option for women
who may have developed immunologic responses to the do-
nor HLA during exposure in pregnancy and childbirth, which
can result in poor graft outcomes. We thus evaluated wheth-
er transplantation from offspring or spousal donors is compa-
rable to that from unrelated donors in female recipients who
underwent pregnancy and childbirth.

We first found that group | (offspring-to-mother) had fewer
HLA mismatches and younger donors. However, the number
of HLA mismatches and the age of donors were not found to
be significantly associated to acute rejection or graft survival
based on Cox proportional hazard modeling. It has been pro-
posed that first-degree genetic relatives, especially offspring
donors, represent an accessible pool of well-matched kidneys
[15] due to the benefit of haplotype matching and young do-
nor age. In 1977, Opelz and Terasaki speculated that preg-
nancy confers immunologic benefits to transplant recipients
rather than acting as a source for sensitization and trigger-
ing either tolerance or enhancement [16]. Terasaki et al. also
reported that there was no evidence of pre-occurring donor-
specific immune sensitization of mothers who received trans-
plants from their offspring [17]. On the other hand, Mahanty
et al. reported that multiparous women had worse graft out-
come irrespective of whether the donor was their offspring [18].

With the increase in the number of spousal donations,
Pollack et al. and Bohmig et al. suggested that there is a pos-
sibility of accelerated rejection if the wife had been pregnant
and exposed to her husband’s HLA [19,20]. It is controversial
whether the spousal relationship significantly affects the graft
outcome: some reports suggested that spousal donation, espe-
cially husband-to-wife donation, may be associated with bet-
ter graft survival compared with other live-donor transplants
[21,22], whereas other studies reported severe rejection fol-
lowing husband-to-wife kidney transplants [23]. Gjertson et
al. showed that graft survival rates from husbands and wives
were similar regardless of the number of past pregnancies [4]. A
Korean study by Yoon et al. reported that 10-year survival rates

Table 4. Cox proportional hazards model analysis of biopsy-proven acute rejection.

Multivariable

Univariate

Hazard ratio 95% ClI P value Hazard ratio 95% CI P value

Donor creatinine 0.80 0.08 8.24

BMI — body mass index; HLA — human leukocyte antigen; DSA — donor-specific antibody; Cl — confidence interval.
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and BPAR-free survival rates in spousal donor grafts were sim-
ilar to those in unrelated grafts [2], and suggested that while
the reason for the similar rate of graft survival is likely multi-
factorial, enhanced immunosuppression may play a key role.

In the present study, the 3 groups showed similar 5-year
graft survival rates, ranging from 93.3% to 96.0% (p=0.685),
and no significant difference in 5-year BPAR-free survival rate
(p=0.842). These survival rates are comparable with the na-
tional data and the data from our single-center experience.
Recent publication of our center 4000 kidney transplant ex-
perience showed a 5-year graft survival rate of 92.3% in living
donor transplants [24], and Korean national data from Korean
Organ Transplant Registry (KOTRY) reported a 3-year graft sur-
vival rate of 93.7% and 3-year acute rejection-free survival rate
of 82.7% in the entire living-donor and deceased-donor kid-
ney transplant population [25]. There are multiple hypothe-
ses as to why rejections due to anamnestic reactions are not
more frequently observed among women who receive trans-
plants from their children or husbands. First, only about 50%
to 65% of women with multiple pregnancies are exposed to
fetal leukocytes [26,27], and not all who were exposed to fetal
leukocytes become immunized. After years without re-expo-
sure, women who do become immunized often lose their im-
munity [19,20]. Also, the cross-match eliminates recipients with
persistent antibody responses against the donor [4,7], which
may also apply to the present study, in which the participants
with reactivity to their husband’s lymphocytes were excluded.
Lastly, a modified immune response that benefits graft surviv-
al may develop in some women exposed to fetal leukocytes;
however, as there is little data available on immune modifica-
tion in this phenomenon, it is uncertain whether the specif-
ic mechanism is associated with tolerance, enhancement, mi-
crochimerism, or suppressor cells [23].

Concerning the scarcity of currently available information on
the immune mechanisms of sensitization to fetal HLA, there is
no agreement as to whether the rejections are caused by an-
tibody-mediated, T cell activity, or both [23]. For searching the
immunological causes of rejection, information from allograft
pathology and the detection of circulating donor-specific an-
tibody may be utilized. In our study, pre-transplant DSA was
the only variable significantly associated with increased risk
of biopsy-proven acute rejection. Also, the detection rate of
de novo DSA was highest in group Ill (unrelated), and there
were no significant differences in graft survival and BPAR-free
survival among the 3 groups; therefore, we cautiously suggest
that offspring and husbands may be safe and feasible donors
for female recipients with birth history.
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We investigated the outcomes of female recipients from liv-
ing kidney donors in an individual transplant program with a
vast amount of experience with offspring-to-mother and hus-
band-to-wife transplants. Therefore, the principal strength of
this study is that it was conducted under homogenous trans-
plantation practice with a long duration of follow-up while
substantially reducing variabilities in donor and recipient se-
lection criteria and immunosuppression regimens. Also, the do-
nor-specific antibody data provided further understanding of
the possible immunologic responses that contributed to long-
term graft outcomes in the 3 groups.

However, despite these strengths, this study also has notable
limitations inherent to its retrospective nature. The pregnan-
cy histories were retrospectively obtained through medical
record review, so it is uncertain whether the husband donors
were the biological fathers of the offspring. Although we sus-
pect that such a discrepancy would be rare in our cohort, this
can lead to different categorization of groups and is an un-
avoidable limitation of medical record data. Also, detailed ob-
stetric data such as parity, course of pregnancy and transfu-
sion history during delivery could not be sufficiently obtained
to be included in the analyses. Future prospective studies that
focus on the impact of pregnancy-related variables could pro-
vide further insight into pre-sensitization of female transplant
recipients. Another limitation of our study is that the numbers
of HLA mismatches and ABO-incompatible transplants were
different among the 3 groups. However, these variables were
not associated with graft survival or increased acute rejec-
tion in our analyses. Therefore, we cautiously conclude that
offspring and spousal transplants can provide desirable long-
term outcomes similar to those from unrelated donors, despite
the possible pre-sensitization of donor HLA from pregnancy.

Conclusions

We report that recipients of offspring and spousal living donor
transplants had mortality and graft survival rates similar to
those of recipients of unrelated donor transplants. Offspring
and spousal living-donor transplantation may be considered
whenever feasible for female recipients with prior immuno-
logic exposure through pregnancy.
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