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ABSTRACT

Aim. To evaluate the potential option of selecting donor —recipient pairs by using the number of epitope mismatches.

Materials and methods. An observational cohort study was carried out, which included 824 adult recipients of
ABO compatible deceased donor kidneys. The end point was a transplant loss. If a recipient with a functioning
graft died, the observation was censored. The number of epitope mismatches (EpMM) was calculated using open
source information on the population frequency of haplotypes and the repertoire of epitopes with confirmed
immunogenicity. All possible combinations of the donor and recipient genotypes were compiled, and the probability
of each combination was calculated. After that, the number of donor epitopes absent in the recipient was calculated
for each combination with a non-zero probability, whereupon the weighted mean EpMM was calculated, where the
weight coefficient was the normalized probability of occurrence of each combination.

Results. All of the donor — recipient pairs had HLA-mismatches (HLA MM): 1.9% of recipients had 1 HLA
MM, 6.7% had 2 HLA MM, 29.9% had 3 HLA MM, 38.5% had 4 HLA MM, 18.1% had 5 HLA MM, and 4.9%
had 6 HLA MM. The HLA MM impacted graft survival was determined: log-rank test p < 0.0001, Breslow test
p <0.0001. The median values and the interquartile ranges of EpMM were 6 [4; 7], 12 [7.74; 17.25], 18 [14; 22],
24 120; 30], 30.5 [25; 37] and 36 [26.5; 44.5] for the cases of 1, 2, 3, 4, 5 and 6 HLA MMs, respectively. An in-
crease in HLA MM resulted in a higher risk of developing donor-specific anti-HLA antibodies (DSA). Hazard ratio
(HR) = 1.21 [95% confidence interval (CI): 0.7; 1.9], 1.71 [95% CI: 1.22; 2.36], 2.04 [95% CI: 1.42; 2.73], 2.25
[95% CI: 1.63; 2.96], 2.59 [95% CI: 2.03; 3.29] for 2, 3, 4, 5, and 6 HLA MM, respectively, versus HLA MM = 1.
An increase in EpMM also resulted in a higher risk of developing DSA. HR =1.66 [95% CI: 1.09; 2.47], 2.1 [95%
CI: 1.46;2.91], 2.41 [95% CI: 1.86; 3.03], 2.61 [95% CI: 2.12; 3.12], 2.77 [95% CI: 2.26; 3.33] for 10-19, 20-29,
30-39, 4049 and >50 EpMM, respectively, versus EpMM < 10. An increase in HLA MM was associated with an
increased risk of transplant loss. HR = 1.24 [95% CI 0.7; 2.15], 1.48 [95% CI1 0.86; 2.33], 1.88 [95% CI 1.32; 2.52],
2.41 [95% C12;2.93], 2,98 [95% CI 2.59; 3.46] at 2, 3, 4, 5, and 6 HLA MM, respectively, versus HLA MM = 1.
An increase in EpMM also was associated with an increased risk of transplant loss. HR = 1.71 [95% CI 1.1; 2.49],
2.11 [95% CI 1.59; 2.68], 2.4 [95% CI 1.96; 2.86], 2.59 [95% CI 2.17; 3.04], 2.71 [95% CI 2.31; 3.15] at 10-19,
20-29, 30-39, 40-49 and >50 EpMM, respectively, versus EpMM < 10. In order to demonstrate the effectiveness
of EpMM accounting, we analyzed graft survival among the patients with 4 HLA MM. With the number of EpMM
in the range from 10 to 24 and from 25 to 43 the difference in survival rates was statistically significant, but only at
the late stages of the post-transplant period: log-rank test p = 0.0067, Breslow test p = 0.0982. The median survival
for EpMM 10-24 was 10.33 [95% CI 9.05; 11.61] years, for EpMM 2243 — 8.67 [95% CI 7.68; 9.66] years, HR
1.537 [95% CI 1.114; 2.12]. At the same time, it was not the median of survival that increased, but the proportion
of patients with a functioning graft: at 10-24 EpMM after 15 years, 18.28% [95% CI 8.2; 31.67] grafts functioned,
while at 25-43 EpMM only 4.75% [95% CI 0.94; 13.64] functioned.

Conclusion. In the routine practice of a transplantation center with a short waiting list of its own, it might be
possible to improve the kidney transplant survival as a result of considering epitope mismatches, thus reducing the
risk of developing donor-specific anti-HLA antibodies and ensuring a higher graft survival rate. This method can
be used for additional ranking of transplantation candidates depending on the number of epitope mismatches within
the fixed number of HLA-mismatches and thus select the optimal one. Besides, it is theoretically possible to use
this method as an alternative to the traditional donor/recipient histocompatibility evaluation. Additional research
is required.
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CE/IeKU,Mﬂ napbl «4OHOP — PEUUNUEHT» C YHETOM SMUTOMHbIX HEeCOOTBETCTBUM
Npvu TpPAHCN/IAHTAU U MOYKH

BatasuH A.B., 3ynbkapHaeB A.b., CtenaHoB B.A.

Mockogckuti 061aCmMHOU HAYYHO-UCCAEO08aMENbCKULL KIuHUeckull uncmumym um. M.®. Bradumupckozo
(MOHUKH um. M.®. Bradumupckoeo)
Poccusa, 129110, Mockea, ya. Llenkuna, 61/2, k. 6

PE3IOME

Heab. OLCHAUTH OTEHIMAT CENEKINU Maphl «IOHOP — PEHUIHEHT» C YIETOM KOJIMYECTBA SIMUTOIHBIX HECOBIIA-
JECHUM.

Marepuajbl u MeTobl. [IpoBeneHO 0OCepBaIIOHHOE PETPOCHIEKTHBHOE KOTOPTHOE UCCIEAOBAHHIE, B KOTOPOE
BKIIIOUYEHO 824 COBEpIICHHOJIICTHUX PEIMITUECHTA TPYMHOH MOYKH, COBMECTHMBIX IO Tpymme kpoBu. KoHeuHoit
TOYKOH CUMTaIM yTpaTy TpaHCIUIaHTaTa. B ciayuae cmepT penunuenta ¢ QyHKIMOHHPYIOIMM TPAHCIIIIAHTaTOM
HaOJIroIeHne MOABEpralin IeH3ypupoBaHuio. [lofacuer komuuecTBa anuTONHBIX HecoBmaaeHuit (EpMM) mpoBo-
JIVIIH C UCTIONB30BaHHEM MH(OPMAIMU U3 OOLIEIOCTYTHBIX PECYPCOB O MOIMYIIAIOHHON 9acTOTE TalIoTUIIOB U
pernepTyape SMUTOIOB C MOATBEPKIEHHOH HMMYHOTEHHOCTI0. COCTAaBISIINCH BCE BO3MOXHBIE COUETAaHHs T€HO-
THUIIOB JJOHOPA M PEIMITHEHTA, TOINTHIBAIIN BEPOATHOCTh KAX/OT0 COYETaHUs. 3aTeM JUIsl KayKI0TO COUETAHMUS C
HEHYJIEBOH BEPOSITHOCTHIO ONPEAEIISUIN KOJMYECTBO SIHTOIOB JIOHOPA, OTCYTCTBYIOIINX y penunuenta. [locie
3TOTO BBIYUCISIIN B3BelleHHOe cpenHee EpMM, rae BecoBbM Kod(duimentom Obl1a HOPMHUPOBAHHAST BEPOST-
HOCTB TIOSIBTICHHS KaXKI0TO COYETaHUS.

PesyabTathl. Bee nmapsl «goHOp — penunuent» uMmend HLA necoBmectumoctu (HLA MM): 1,9% — 1 HLA
MM, 6,7% — 2 HLA MM, 29,9% — 3 HLA MM, 38,5% — 4 HLA MM, 18,1% — 5 HLA MM, 4,9% — 6 HLA
MM. Paznuunst 8 HLA MM BiusiiM Ha BBDKHBAGMOCTh TPaHCIIaHTAaTOB: log-rank test p < 0,0001, Breslow test
p <0,0001. Menuana (Me) n unrepkBapTHibHbIi pasmax [Q,; O,] EpMM cocraunu 6 [4; 7], 12 [7,74; 17,25], 18
[14; 22], 24 [20; 301, 30,5 [25; 371 u 36 [26,5; 44,5] i 1, 2, 3,4, 5 u 6 HLA MM cooTBeTcTBEHHO. YBEJIMYCHUE
HLA MM O0bUTO CBSI3aHO C POCTOM pHCKa MOsBICHMST HOHOp-crienuduueckux antu-HLA antuten (ICA).
Ortnomenue puckoB (HR) = 1,21 [95%-1i noBepurenbublii untepsan (95%-i JIN) 0,7; 1,9], 1,71 [95%-it AU 1,22;
2,36], 2,04 [95%-u1 U 1,42; 2,73], 2,25 [95%-i1 AN 1,63; 2,96], 2,59 [95%-it JU 2,03; 3,29] npu 2, 3, 4, 5
u 6 HLA MM cootBercTBeHHO Mo oTHomieHHi0 K HLA MM = 1. YVeenunuenne EpMM Taxoke ObLIO CBSI3aHO C
poctom pucka nosisierus JCA. HR = 1,66 [95%-it I 1,09; 2,47], 2,1 [95%-i1 IU 1,46; 2,91], 2,41 [95%-i
U 1,86; 3,03], 2,61 [95%-i1 AU 2,12; 3,12], 2,77 [95%-i1 AU 2,26; 3,33] npu 10-19, 20-29, 30-39, 4049
1 >50 EpMM cootBercTBeHHO 10 oTHOMIeHH0 K EpMM < 10. YBenuuenne HLA MM 0b110 CBsI3aHO ¢ pOCTOM
pucka ytpatsl TpaHciulantata. HR = 1,24 [95%-i1 IU 0,7; 2,15], 1,48 [95%-i1 /11 0,86; 2,33], 1,88 [95%-i1 JJU
1,32; 2,52], 2,41 [95%-it AN 2; 2,93], 2,98 [95%-it AU 2,59; 3,46] npu 2, 3,4, 5 u 6 HLA MM cooTBeTCTBEHHO
no orHomenuro Kk HLA MM = 1. [lns nemoncTpauuu s dektuBHocTH yyera EpMM MBI npoaHanu3upoBain
BBDKMBAEMOCTb TpaHCIUIaHTaToB y manueHToB ¢ HLA MM = 4. Bepkuaemocts npu 1024 u 25-43 EpMM
pa3nuyanzach CTaTUCTHYECKH 3HAYUMO, HO TOJIBKO Ha MO3HUX JTarax MOCTTPAHCIUIAHTAMOHHOrO reproja: log-
rank test p = 0,0067, Breslow test p = 0,0982. Menuana BepkuBaeMocTr it EpMM 10-24 cocrasuia 10,33
[95%-i1 AN 9,05; 11,61] set, s EpMM 2243 — 8,67 [95%-i1 U 7,68; 9,66] ner, HR = 1,537 [95%-ii
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JU 1,114; 2,12]. IIpu 3TOM I7IaBHEIM 00pa3oM yBEIMYMBANIacCh HE MeAHaHa BBDKMBAEMOCTH, a IO OOJBbHBIX
¢ GyHKIHOHUpYOUM TpaHcanTatoM: mpu 10-24 EpMM ugepes 15 net 18,28% [95%-ii AU 8,2; 31,67] Tpanc-
IJIAHTAaTOB (pyHKIHMOHNUPOBaIO, Toraa Kak npu 25-43 EpMM — tonbko 4,75% [95%-it 1N 0,94; 13,64].

3akiwouenue. B pyTHHHOfI IMPAaKTUKE TPAHCIIJIAHTALlMOHHOI'O HEHTpa C HCGOJ'II;H_II/IM, 000COOJIEHHBIM JTUCTOM
OXUJaHUA YUCT SITUTOIMHBIX HECOOTBETCTBUN MOXKET YAy4lInuThb pE3yJIbTaThbl TPAHCIIJIAHTAUY ITOYKWU: CHU3UTH PUCK
TOSABJICHUSA ,Z[OHOp-CHeHI/I(i)I/I‘IHLIX antu-HLA aHTHTEN M TOBBICUTH BEIKMBAEMOCTh TPpaHCIUIAaHTATOB. HpI/IMeHeHI/Ie
9TOro METOoJa IMO3BOJIACT AOMNOJHUTEIBHO PAHXXUPOBATh KaHAUAATOB Ha TPAHCIUIAHTAIIUIO B 3aBUCUMOCTHU OT
KOJIMYECTBA SIUTOMHBIX HECOBIAICHUN B paMKax (bHKCHpOBaHHOFO konmmyectBa HLA HecoBnaaenwii u BBI6paTI)
ontuMaibHOro. Bmecte ¢ Tem CyHIECTBYET TEOPETUYECCKass BO3MOKHOCTHL HCIIOJB30BaHHA 3TOT0O METOAAa B
Ka4€CTBC aJIbTEPHATHUBbL TpaZ[PIHPIOHHOﬁ OIIEHKE TKAHEBOW COBMECTUMOCTH JOHOpa U peUUIHNCHTA. HeO6XOL[I/IMI)I
JIOITOJTHUTEJIBHBIC UCCIICTOBAHUS.

KiroueBsble ciioBa: TpaHcIuiaHTanms nouku, HLA, smuror, sruiet, TkaHeBasi COBMECTHMOCTB, BEIOOP PELIUITUEHTA,
JIOHOp-criennduuHble anTuTena, antu-HLA anturena.

KonpaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHQOIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.

Hcrounuk ¢unancupoBaHus. PaGoTel ObUIM BBINONHEHB! C HCIIONB30BaHMEM CpeAcTB rpaHTta Ilpesmienta
Poccuiickoit @eneparun 11 ToCy1apCTBEHHOM IMOIEPIKKU MOJIOJIBIX POCCHHCKHX yueHbIX (Ne MJ1-2253.2018.7).
JlaHHBIH HCTOYHNK (UHAHCHPOBAHMS HE YYaCTBOBAI B ONPE/ICNICHNH CTPYKTYPHI HCCIIEIOBAHMS, cOOpe, aHATN3E ’
HHTEPIpETalny JaHHBIX, a TAKXKE IIPUHIATHH PEIIeHUs OITyOJIMKOBATh NONyYEeHHbIE Pe3YIIbTATHI.

CooTBeTcTBMEe MpUHIHMNAM 3THKHU. VccnenoBanne omoOpeHo JTOKadbHBIM dTHYeCKHM KomutetoM MOHUWKU
M. M.®. Bragumupckoro (mpotokos Ne 9 ot 12.10.2017).

Jast umtupoBanusi: Batasun A.B., 3ynbkapuaeB A.b., Crenanos B.A. Cenexius napsl «10HOp — PELUITUEHT» C
YYETOM SMHUTOIHBIX HECOOTBETCTBHHI MPH TPAHCIUIAHTAIMU TTOYKU. Brosiemens cubupckoi meouyunst. 2020; 19

(4): 21-29. https://doi.org/10.20538/1682-0363-2020-4-21-29.

INTRODUCTION

Over the history of clinical transplantology, the
histocompatibility between the donor and the recipi-
ent has always been one of the key factors on which
kidney allograft survival depended. As is known that
the smaller the number of HLA-mismatches (HLA-
MM), the better the survival rate of the graft. This
has been proven both in the case of deceased donor
kidney transplantation [1] and in the case of living
donor kidney transplantation [2].

Despite the fact that the effect of this factor
gradually decreases over the years, it still remains
important in the current era of immunosuppression
therapy.

Each HLA-antigen comprises a unique reper-
toire of epitopes. At that, some of them are total-
ly unique and peculiar only to the specific allelic
variant of a molecule (private epitopes), and some
can be common for several HLA-molecules (public
epitopes) [3].

Existence of public epitopes determines the pos-
sibility of selecting the donor/recipient pair based on
this information.

The aim of the study was to evaluate the poten-
tial option of selecting donor/recipient pairs using the
number of epitope mismatches.

MATERIALS AND METHODS

Study design and patients. An observational retro-
spective cohort study was conducted which included
824 adult recipients. All of the patients underwent
transplantation of a deceased donor kidney compati-
ble by ABO blood group. The end point was a trans-
plant loss. If a recipient with a functioning graft died,
the observation was censored.

In all cases, HLA-typing was performed (HLA A,
B and DR loci). Before 2003, the serological HLA-typ-
ing was used (the split antigen level), while later, low
resolution HLA-genotyping by means of SSO or SSP
methods (allelic group level) was utilized. The cross-
match test (complement dependent lymphocytotoxic
test) was negative in all cases. The anti-HLA antibody
screenings were performed using multiplex technolo-
gy on Luminex platform with LIFECODES Lifescreen
Deluxe (Immucor) reagents, while identification of an-
tibodies were done with the sets of LIFECODES LSA.

Patient data are presented in Table 1.
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Table 1
Patient data

Parameter Value
Recipient sex M/F, % 58/42
Age of recipients, years, Me [Q; O,] 43 (27; 50)
r"l;ll(l)x;llt:hosr’l f}:lﬁgf Ig;]fore transplantation, 34 (14: 42)
Repeated transplantation, % 9
Preexisting antibodies (PRA"> 10%) 12.8
Age of donors, years, Me [Q; O] 38.1 (31.2;51.8)
Brain death donor/asystolic donor, % 46/54
Preservation time, h, Me [Q; O,] 8.4 (6; 14)
Follow up observation period, years, 8.1 (4.8: 10.4)

Me[Q,; O]

* panel-reactive antibody

RESULTS

The recipients demonstrated different levels of
compatibility with the donor kidney (Fig. 1).

At that, HLA-incompatibility remains an import-
ant parameter that determines long term graft surviv-
al (Fig. 2).

Generally, differences in HLA-A locus compa-
tibility significantly affected graft survival: log-rank
test p = 0.0005, Breslow test p = 0.0049. The median
survival for the 0, 1 and 2 HLA-A MM were 9.5 [95%
CI8.77;10.23], 8.42 [95% CI 8; 8.87] and 8.33 [95%
CI: 7.71; 8.96] years, respectively. Pair-wise com-
parisons: 0—1 HLA-A MM - log-rank p = 0.0092,

HLA locus

HLA M

Breslow p =0.0107, HR 1.32 [95% CI 1.079; 1.615];
1-2 HLA-A MM - log-rank p = 0.2157, Breslow
p = 0.3156, HR 1.114 [95% CI 0.936; 1.326];
0-2 HLA-A MM log-rank p = 0.0003, Breslow
p=0.0012, HR 1.485[95% CI 1.204; 1.831].

Differences in HLA-B locus compatibility sig-
nificantly affected graft survival: log-rank test
p =0.0034, Breslow test p = 0.0008. The median sur-
vival for the 0, 1 and 2 HLA-B MM were 9.99 [95%
CI8.38;11.6],8.67[95% CI 8.1;9.26] and 8.25[95%
CI 7.81; 8.69] years, respectively. Pair-wise com-
parisons: 0—1 HLA-B MM — log-rank p = 0.0656,
Breslow p=0.0632, HR 1.353[95% CI10.997; 1.836];
1-2 HLA-B MM - log-rank p = 0.0424, Breslow
p = 0.1363, HR 1.19 [95% CI 1.009; 1.404];
0-2 HLA-B MM log-rank p = 0.0031, Breslow
p=0.0076, HR 1.582 [95% CI 1.213; 2.062].

Differences in HLA-DRBI1 locus compatibili-
ty significantly affected graft survival: log-rank test
p <0.0001, Breslow test p <0.0001. The median sur-
vival for the 0, 1 and 2 HLA-DR1 MM were 10.08
[95% CI 9.15; 11.02], 9 [95% CI 8.47; 9.53] and
8.25 [95% CI 7.58; 8.92] years, respectively. Pair-
wise comparison: 0—1 HLA-DR1 MM - log-rank
p = 0.0021, Breslow p = 0.0152, HR 1.472 [95%
CI 1.166; 1.858]; 1-2 HLA-DR1 MM - log-rank
p = 0.0038, Breslow p = 0.0146, HR 1.283 [95%
CI 1.084; 1.52]; 0-2 HLA-DR1 MM log-rank
p <0.0001, Breslow p < 0.0001, HR 1.888 [95% CI
1.532;2.237].

1007 e ;o 6HLAMM |
23%
18,1 5 HLA MM
80~ -
< 60~ 38,5 4 HLA MM
& 4p- 68.4%
N e 3 HLA MM
6,7
2 HLA MM T
0 19 1 HLA MM ]B-E%
All loci

Fig. 1. HLA incompatibility distribution: HLA MM — the number of donor antigens absent in the recipient
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Fig. 2. Death-censored graft survival. The graphs depict the results of assessment of differences according to the log-rank criterion
for three curves

Altogether, the differences in compatibility
across all loci significantly affected graft survival:
log-rank test p < 0.0001, Breslow test p < 0.0001.
The median survival for 1-2 HLA MM, 3-4 HLA-
MM and 5-6 HLA-MM were 11.85 [95% CI 9.93;
13.78], 10 [95% CI 9.4; 10.6] and 8.42 [95% CI
7.82; 9.02] years, respectively. Pair-wise compari-
sons: 1-2 HLA MM and 3-4 HLA MM — log-rank p =
0.001, Breslow p = 0.041, HR 1.617 [95% CI 1.233;
2.121]; 3-4 HLA MM and 5-6 HLA MM — log-rank
p <0.0001, Breslow p <0.0001, HR 1.531 [95% CI
1.286; 1.824]; 1-2 HLA MM and 5-6 HLA MM log-
rank p <0.0001, Breslow p <0.0001, HR 2.365 [95%
CI 1.863; 3.002].

We calculated the average number of epitope mis-
matches for each HLA-MM quantity (Fig. 3).

An increase in numbers of HLA-mismatches and
epitope mismatches significantly heightens the risk
of anti-donor anti-HLA antibodies development and
of graft loss (Fig. 4).

In order to demonstrate that it is possible to apply
the method of donor/recipient pair selection based on
epitope mismatches in practice, we analyzed graft
survival in case of 4 HLA-mismatches (the most

common variant at our center) (Fig. 5). The patients
were divided into two groups: the ones with EpMM
less or equaling the median (the average number) and
the ones with higher values.

The difference in graft survival rates for the 10-
24 EpMM and 25-43 EpMM was statistically sig-
nificant, but only at late stages of the post-transplant
period: log-rank test p = 0.0067, Breslow test p =
0.0982. The median survival for the 10-24 EpMM
was 10.33 [95% CI 9.05; 11.61] years, for the 25-43
EpMM — 8.67 [95% CI 7.68; 9.66] years, HR 1.537
[95% CI1.114; 2.12].

DISCUSSION

At present (data date: August 2019), the modern
HLA nomenclature includes 28 serologically identi-
fiable antigens of HLA A locus, 62 antigens of HLA
B locus, 24 antigens of HLA DRBI locus [7]. Con-
sidering the enormous amount of potential combina-
tions, it becomes evident that in order to select the
optimal recipient, the waiting list must be comprised
of thousands of transplant candidates. Unified wait-
ing lists of this kind exist in Europe (Eurotransplant)
and in the USA (United Network for Organ Sharing).
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recipient, The median of EpMM in patients with HLA MM = 4 was 24

In Russia, each transplantation center keeps a wai-
ting list of its own, which substantially hinders se-
lection of the optimal recipient in terms of histo-
compatibility. Most of the recipients (68.4% accord-
ing to the data of our center) receive a graft carrying
3 to 4 mismatched antigens, as waiting for a bet-
ter match would mean substantially longer waiting
times. As we have shown before [8], extended wai-
ting for transplantation while on dialysis worsens
the comorbid background, which, in turn, reduces
transplantation probability and leads to a higher risk
of death.

At the same time, the question of relative signi-
ficance of such factors as the comorbid background
and histocompatibility at various stages of waiting
remains unresolved. At that, the importance of histo-
compatibility remains high. As we have demonstrat-
ed, the lower the number of HLA-mismatches, the
better the graft survival rate, and this dependence is
statistically significant.

However, it is remarkable that even with the total
number of mismatches in terms of three loci consid-
ered, the median survival increases, though mode-
rately (11.85 [95%CI 9.93; 13.78] years in case of
1-2 mismatches and 8.42 [95%CI 7.82; 9.02] years
in case of 5-6 mismatches). Clinical interpretations
of this fact can differ. On the one hand, it may be
regarded as a confirmation of immunosuppression
effectiveness, thus, histocompatibility becomes less
significant. On the other hand, it indicates its insuffi-
cient effectiveness at the late stages of the post-trans-
plantation period. Good histocompatibility generally
leads to a substantial increase in the number of pa-

tients with a functioning graft in the late period rather
than to the extension of the mean time of the graft
functioning (median survival). Thus, in 15 years
33.8% [95% CI 20.6; 47.41] of patients with 1 or
2 HLA MM had their graft still functioning. In cases
of 3 or 4 mismatches the graft remained functioning
with 12.8% [95% CI 7.76; 19.2] of patients, and in
cases of 5 or 6 mismatches with 3.6% [95% CI 1.84;
6.21] of patients only.

Most recipients get grafts with 4 HLA-mismatch-
es (with consideration to HLA-A, HLA-B and HLA-
DRBI loci only). At that, each of them is deemed a
totally equal candidate for the transplant in terms of
histocompatibility. We believe it would be a promis-
ing possibility to be able to additionally rank candi-
dates within the fixed HLA value taking into account
EpMM. The expediency of application of such an ap-
proach to selecting the donor/recipient pair remains
one of the main questions.

A major cause of graft loss at later periods is an-
tibody-mediated rejection, which accounts for ap-
proximately 50% of cases [9]. At that, it is already
known that an increase in HLA-mismatches leads
to a higher risk of occurrence of de novo DSA [10].
We have convincing evidence to support this fact
(Fig. 4a). An increase in HLA MM and an increase
in EpMM both significantly heightened the risk of
de novo DSA occurrence. At that, the rate of risk
increase was somewhat different: the risk increase
in line with the increase of HLA MMs is linear
(# = 0.9873). At the same time, the relation be-
tween the risk and EpMM is described quite well
by the logarithmic approximation (7°= 0.9991). In
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other words, an increase in the number of HLA MMs
proportionally increases the “antigen load” and the
risk of antibodies occurrence, while to EpMM this
risk seems to relate in a more complex manner. We
did not notice a significant increase in risk with two
HLA MM compared with one HLA MM. In view of
that, pursuance of accounting epitope mismatches
within the fixed amount of HLA MMs (in addition
to the traditional approach to selecting the donor/
recipient pair) seems to be promising when it comes
to the reduction of the “antigen load”. When the
number of EpMM increases from > 10 to the range
of 10 to 19, the risk of DSAs gets substantially high-
er. It is an important aspect in the context of this
research, for, as is shown in Figure 3, the EpMM
quantity of 10 to 19 can correspond both to 2 and
to 6 HLA MMs. This, in its turn, defines whether it
is potentially possible to select donor/recipient pairs
using epitope mismatches not in addition, but as an
alternative to the traditional approach. In order to
evaluate the validity of this hypothesis, additional
research is required.

Four and more HLA MMs entailed a substantial
risk of losing the graft function. Considering this
fact, one is to admit that most of our recipients ini-
tially have an unfavorable “immunological profile”
due to poor histocompatibility of donors and recipi-
ents. Considering the current state of affairs in trans-
plantology assistance, one can presume that this will
be applicable to the vast majority of transplantology
centers in Russia.

The form of relation between the risk of graft
loss and HLA-MMs can be well described using
the exponential approximation (> = 0.9978). At
that, if the number of EpMM exceeds 10, it sub-
stantially increases the risk of the graft loss; this
relation is also well described by means of loga-
rithmic approximation (r*= 0.9976). At the same
time, the benefits of its use in selection of donor/
recipient pairs become evident only after a long-
term follow-up: we have noticed substantial differ-
ences over a long-term period only. Even though
it leads only to a moderate increase in the median
survival (from 8.67 to 10.33 years Fig. 5), it makes
it possible to increase substantially the share of re-
cipients who have the graft still functioning in the
long-term period: with 10 to 24 EpMM 18.28% [95
CI 8.2%; 31.67] of grafts were still functioning 15
years later, while only 4.75% with 25 to 43 EpMM
[95 CI 0.94; 13.64].

Research limitations. Firstly, the study was retro-
spective. Secondly, the study was based on a large
amount of clinical material collected over a long pe-
riod of time (around 30 years). In our analysis we
did not consider factors such as immunosuppressive
therapy. At the same time, it is evident that the immu-
nosuppression approaches have substantially evolved
over this period of time [1, 2]. Thirdly, knowledge of
antigenicity and immunogenicity consistently grows;
we used the base [10] that was up-to-date in August
2019. It is entirely possible that the results might dif-
fer if we repeat our calculations using a more recent
and updated base.

CONCLUSION

Summarizing all of the above, we come to a con-
clusion that in a routine practice of a transplantation
center with a short individual waiting list, consider-
ation of epitope mismatches will make it possible to
improve kidney transplantation results, reducing the
risk of developing donor specific anti-HLA antibod-
ies and increasing graft survival. Using this meth-
od, it will be possible to perform additional ranking
of transplant candidates, depending on the number
of epitope mismatches within the fixed number of
HLA-mismatches, and thus select the optimal one.
Besides, theoretically it might be possible to use this
method as an alternative to the traditional evaluation
of histocompatibility between the donor and the re-
cipient. Additional research is required.
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