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Abstract

Background—Solid organ transplant recipients have heightened risk for diffuse large B-cell 

lymphoma (DLBCL). The role of donor-recipient HLA mismatch and recipient HLA type on 

DLBCL risk are not well established.

Methods—We examined 172,231 U.S. kidney, heart, pancreas, and lung recipients transplanted 

between 1987 and 2010, including 902 with DLBCL. Incidence rate ratios (IRRs) were calculated 

using Poisson regression for DLBCL risk in relation to HLA mismatch, types, and zygosity, 

adjusting for sex, age, race/ethnicity, year, organ, and transplant number.

Results—Compared to recipients who had two HLA-DR mismatches, those with zero or one 

mismatches had reduced DLBCL risk, (zero: IRR=0.76, 95%CI=0.61–0.95; one: IRR=0.83, 

95%CI=0.69–1.00). In stratified analyses, recipients matched at either HLA-A, -B, or -DR had a 

significantly reduced risk of late-onset (>2 years after transplantation), but not early-onset, 
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DLBCL, and there was a trend for decreasing risk with decreasing mismatch across all three loci 

(P=0.0003). Several individual recipient HLA-A, -B, -C, -DR, and –DQ antigens were also 

associated with DLBCL risk, including DR13 (IRR=0.74, 95%CI=0.57–0.93) and B38 (IRR=1.48, 

95%CI=1.10–1.93), confirming prior findings that these two antigens are associated with risk of 

infection-associated cancers.

Conclusions—In conclusion, variation in HLA is related to susceptibility to DLBCL, perhaps 

reflecting intensity of immunosuppression, control of Epstein-Barr virus infection among 

transplant recipients, or chronic immune stimulation.

Introduction

Non-Hodgkin lymphoma (NHL) is the most common de novo malignancy, apart from 

nonmelanoma skin cancer, in solid organ transplant recipients. Diffuse large B-cell 

lymphoma (DLBCL) is the most common NHL subtype in the post-transplant setting, 

comprising approximately 73% of specified NHL subtypes.1 On average, DLBCL risk is 12 

times higher in solid organ transplant recipients than in the general population, and risk is 

even higher in specific subgroups, including children and lung or pancreas recipients.2–5 

DLBCL is also the most common cause of cancer-related deaths.6,7

Multiple factors likely contribute to the etiology of DLBCL in transplant recipients. A large 

fraction of cases is attributed to Epstein–Barr virus (EBV), which in absence of host immune 

control, drives lymphocyte proliferation. However, the occurrence of DLBCL in long-term 

transplant survivors appears to be caused by factors in addition to EBV.2,8,9

Human leukocyte antigens (HLAs) display foreign antigens to the immune system, thereby 

playing a central role in the generation of adaptive immune responses. The genes for HLA 

class I (HLA-A, -B, and -C) and class II (HLA-DRB1, -DQB1, and -DPB1) are the most 

polymorphic of all genes in mammals.10 Distinguishing between self and nonself antigens is 

an essential task of HLA, which is critical in transplant immunity, and differences in HLA 

between donor and recipient can cause transplant rejection. In a landmark study published in 

1969, Patel and Terasaki showed that the presence of anti-donor HLA antibodies was a 

major determinant of immediate graft loss.11 Even in the modern era of effective 

immunosuppressive medication regimens, HLA matching of donors to recipients remains an 

important component for placing donor organs for kidney transplantation, and there is 

accumulating evidence that HLA matching is beneficial for allograft and patient survival 

among recipients of lung, liver, and heart transplants.12,13,14 Other long-term effects 

associated with HLA incompatibility among solid organ transplant recipients, such as risk 

for developing DLBCL, have been largely unexplored.

In the general population, genetic variation in HLA has been associated with susceptibility 

to numerous infections and immunological diseases, including cancers with infectious 

origins.15–18 Several previous genetic association studies targeting HLA, as well as genome-

wide association studies, identified variants in HLA genes that were significantly associated 

with NHL susceptibility in the general population, including polymorphisms in HLA-B, 

HLA-DRB1, HLA-DQB1, and carriership of the ancestral haplotype HLA 8.1 (HLA-A:01-
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B:08-DR:03-TNFG-308A).19–25 It has also been observed that people who are homozygous 

for all three HLA class I alleles have an increased risk of DLBCL.19

Serologically defined HLA antigens are characterized for the majority of recipients for organ 

matching and/or evaluating immune risk. Serological methods assess HLA cell surface 

expression and so differ from the methods used in the previously summarized studies of 

HLA and NHL, which delineate genetic sequences in HLA. Several prior studies have 

examined the associations between HLA variants and susceptibility to DLBCL among solid 

organ transplant recipients, but due to the small study populations, the findings were 

variable.26–28

Understanding the role of HLA may shed light on the development of lymphomas in solid 

organ transplant recipients. To comprehensively evaluate the association between donor-

recipient HLA mismatch, individual HLA recipient antigens, and post-transplant DLCBL 

risk, we examined data from the Transplant Cancer Match (TCM) Study, a U.S. study of 

solid organ transplant recipients with systematic registry-based ascertainment of cancer 

outcomes.

Materials and methods

Detailed methods for the TCM Study (http://transplantmatch.cancer.gov/) have been 

published.29 In summary, the TCM Study is a linkage of the U.S. Scientific Registry of 

Transplant Recipients (SRTR, 1987–2010) with 15 U.S. population-based state or 

metropolitan area cancer registries. The SRTR includes structured data on all U.S. solid 

organ transplants including recipient demographics, transplant characteristics, and HLA type 

for the organ donor and recipient. The cancer registries collect standardized information on 

patient demographic characteristics and detailed tumor characteristics for all state-mandated 

reportable cancer cases. Record linkages were conducted using a computer-based matching 

algorithm followed by clerical review for confirmation of potential matches, resulting in 

coverage of approximately 46.2% of the U.S. transplant population from 1987 to 2010. The 

TCM Study was approved by human subjects research review committees at the National 

Cancer Institute and at participating cancer registries, as required.

In this study, transplant recipients were eligible if they had follow-up time (as defined 

below) covered by a participating cancer registry. From a total of 230,170 transplants, liver 

transplants were excluded (23.0%) because nearly half had no HLA data. Additionally, we 

excluded 2.6% of recipients of organs other than liver who had no HLA data, and <0.1% 

who were HIV-infected.30 After exclusions, our analytic cohort included 172,231 

transplants. DLBCL diagnoses were assessed in the cancer registries using International 

Classification of Diseases for Oncology, 3rd Edition morphology codes 9678–9680 or 9684.

Transplant recipients were considered at risk of DLBCL beginning at transplantation or the 

start of cancer registry coverage (whichever came later). Follow-up ended at first occurrence 

of a DLBCL diagnosis, death, failure of a transplanted organ, subsequent transplant, loss to 

follow-up, or last date of cancer registry coverage. Individuals were not excluded on the 

basis of a history of cancer prior to transplantation, and were not censored if they were 
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diagnosed with a cancer (other than DLBCL) after transplantation. Recipients were 

considered at risk separately during successive transplant episodes. Hispanics were followed 

beginning in 1992 to correspond to the years for which general population cancer rates were 

available.

Mismatch for HLA-A, -B, and –DR was determined by the SRTR variable for mismatch 

according to the historic matching standard at the time of transplantation. For each locus, the 

mismatch variable was categorized as 0, 1, or 2 mismatches. The total number of 

mismatched loci across A, B, and DR loci (ranging from 0 to 6) was calculated by adding up 

the mismatches at each locus.

Data on individual alleles at recipient HLA class I loci (A, B, and C) and class II loci (DR 

and DQ) were also determined from the SRTR records. Recipient HLA antigens were 

categorized as present versus absent for each locus. Rare antigens (present in less than 500 

transplant records) were excluded from these analyses. Since each individual has two 

antigens, an antigen could be present once or twice in the same individual. We also classified 

recipients at each locus as homozygous (all recipients who had two of the same antigens) or 

heterozygous (all recipients who had different antigens). When only one antigen was 

identified for a given locus, the recipient was considered to be homozygous for the present 

antigen. If a recipient was missing both antigens at a locus, the record was dropped from the 

analysis of that locus only. HLA-A, -B, and –DR antigen data were missing for less than 1% 

of the cohort. HLA-C and –DQ antigen data were missing in a more substantial fraction of 

the study population (36.0% and 15.2% missing, respectively). HLA-DP was not examined 

because it was missing in 99.8% of the study population.

HLA antigen classifications have evolved over time as tissue typing has changed from 

serotyping to cellular typing to DNA-based genotyping. These testing developments have 

allowed for the detection of differences in antigens (“split” categories) that were previously 

undistinguishable (“broad” categories). Our study included 21 groups of antigens that were 

affected by broad categories splitting over time. We used information on the frequencies of 

the broads/splits in each group and the year at which the splits came into existence to 

determine whether antigens would be analyzed as distinct split categories or harmonized by 

combining the broads and splits into a single category. Details are presented in 

supplementary materials. Briefly, 11 of these antigen groups contained broad categories that 

were almost completely phased out of use by 1987 (initial year for this study), thus each 

split category was analyzed separately and the rarely used broad categories were excluded. 

For four antigen groups, due to rarity of one or more of the split categories, broads and splits 

were harmonized into a single category. For six antigen groups, there was a gradual phase-

out of the broad categories and phase-in of the split categories over the transplant years 

included in the study. For these groups, broad categories were excluded, and split categories 

were included for transplants occurring on or after the year at which roughly two-thirds 

(67%) of the phase-in of the split category had been achieved.

We compared DLBCL risk among transplant recipients to that of the general population by 

calculating a standardized incidence ratio (SIR = observed/expected count). Expected counts 

were obtained by applying general population DLBCL rates to the person-time at risk 
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among transplant recipients, stratified by sex, age, race/ethnicity, calendar year, and registry. 

We also used Poisson regression to obtain incidence rate ratios (IRRs) that compared the 

incidence of DLBCL in relation to categories of HLA mismatch, each HLA antigen (present 

versus absent), and HLA zygosity (homozygous versus heterozygous). IRRs were adjusted 

for sex, age at transplant, race/ethnicity, year of transplant, transplanted organ, and transplant 

number. The impact of time since transplant on the IRRs was also examined. “Early-onset” 

DLBCL was defined as DLBCL diagnosed within two years following transplantation, and 

“late-onset” DLBCL occurred after two years. A two-year threshold was chosen based on 

prior observations that the incidence curves for PTLD and DLBCL as a function of time 

since transplantation have a natural inflection point at around two years post-transplant.2,31 

As a sensitivity analysis, we also calculated IRRs restricting the cohort to kidney recipients, 

given that they comprised 77.3% of our analytic cohort. These kidney transplant-specific 

calculations were also adjusted for panel reactive antibody (PRA) score and donor type 

(deceased versus living) given the possible influence of these factors on immunosuppression 

and thus risk for DLBCL. Bonferroni adjustment of the HLA antigen IRRs was done to 

account for multiple comparisons. All analyses were performed using Proc Genmod in SAS 

9.2 (Cary, NC).

Results

Table 1 describes characteristics of the transplant recipient population. We examined 

172,231 transplants with 823,542 person-years of follow-up (median 3.8 years). The 

majority of the cohort (60.9%) was male. A small proportion (7.4%) was under the age of 20 

years at transplantation, 9.2% were age 65 and above, and the majority were between the 

ages of 35 and 64 (65.8%). The population was racially and ethnically diverse, with 41.5% 

of recipients being non-white. The majority (77.3%) was kidney recipients, and 9% had 

received a prior transplant. A total of 902 DLBCLs were diagnosed during follow-up after 

transplantation, corresponding to a 12-fold increased risk compared with the general 

population (SIR 12.05, 95%CI 11.27–12.86, Table 4).

In the analysis of HLA mismatch, DLBCL risk was not associated with mismatch at the 

HLA-A or -B loci, alone (Table 2). However, DLBCL risk decreased with decreasing 

number of DR mismatches (P for trend=0.0149). Compared to recipients who were 

completely mismatched for HLA-DR (both antigens), DLBCL risk was lower among 

recipients with a single mismatch (IRR=0.83, P=0.0529) or no mismatches (IRR=0.76, 

P=0.0165). When all three loci were considered simultaneously, DLBCL risk appeared 

reduced among recipients with 0 to 5 mismatches (IRRs ranged from 0.67 to 0.84, compared 

to those who were completely mismatched at all three loci), although the trend was not 

statistically significant (P=0.0944). Very similar associations were observed for the kidney 

transplant subset (Supplementary Table 1).

When we examined early- and late-onset DLBCL separately, we observed substantial 

heterogeneity of the associations with HLA mismatch (Table 3). For early-onset DLBCL, 

risk was not associated with mismatch at HLA-B, or -DR, or combined A+B+DR. 

Decreasing number of mismatches at the HLA-A locus appeared to be associated with 

increasing risk of DLBCL, although the trend was marginal (P=0.0574). In contrast, for late-
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onset DLBCL, risk decreased with decreasing number of mismatches at HLA-A (P for trend 

= 0.0120), -B (P for trend=0.0148), -DR (P for trend = 0.0005), and A+B+DR (P for trend = 

0.0003). For HLA-DR specifically, late-onset DLBCL risk was decreased 42% among 

transplant recipients with no mismatches compared to those with two mismatches. For all 

loci combined, late-onset DLBCL risk was decreased 60% among transplant recipients with 

no mismatches compared to those who were completely mismatched over all three loci. 

Similar associations were observed for the kidney transplant subset, although late-onset 

DLBCL risk could not be assessed for DR and A+B+DR due to small numbers 

(Supplemental Table 2). Furthermore, similar associations were observed when a one year 

threshold was used to differentiate “early” versus “late” DLBCL (data not shown).

The associations between 88 antigen/antigen groups and DLBCL risk were examined 

(Supplementary Table 3). In Table 4, results are provided for all HLA antigen-DLBCL 

associations with a P value less than 0.10, ordered by ascending P values and grouped by 

locus. The Bonferroni-adjusted P value for 88 tests is 0.0006, and none of the antigen 

associations met this stringent significance criterion. Among the 14 antigens that had a P 

value < 0.05, 6 also had P value < 0.05 in the analyses restricted to kidney recipients 

(Supplementary Table 4). The most notable associations included B38 antigen, which was 

associated with a 1.48-fold increased risk of DLBCL with the lowest P value (P=0.0061, 

Table 4). Expression of the C12 antigen was associated with the largest departure from the 

null association with DLBCL (IRR=1.94, P=0.0337). Also, the B58 antigen was associated 

with a strong reduced DLBCL risk (IRR=0.47), with the second lowest P value (P=0.0071). 

The DR13 antigen, which was the strongest candidate antigen in this study based on prior 

studies,17,18,21,32,33 was associated with a reduced DLBCL risk (IRR=0.74, P=0.0144).

Finally, DLBCL risk was not associated with zygosity at any HLA locus (Table 5). 

Stratification of the HLA antigen or zygosity associations by early versus late-onset DLBCL 

did not reveal notable differences in IRRs (data not shown).

Discussion

To our knowledge, this is the first large-scale, population-based study of HLA and DLBCL 

risk following solid organ transplantation. We observed that transplant recipients who were 

matched to their donors for HLA-DR, had a 24% significantly decreased risk of DLBCL 

compared to mismatched recipients, which may reflect less intensive immunosuppression or 

lower levels of antigenic stimulation with better matching. Furthermore, we observed 

heterogeneity in the association between HLA mismatch and DLBCL risk by time since 

transplantation: a higher degree of matching at HLA-A, -B, -DR, and A+B+DR was 

significantly associated with a lower risk of late-onset DLBCL, but not early-onset DLBCL, 

consistent with differences in etiology. Additionally, we observed associations for a number 

of specific recipient HLA antigens in HLA-A, -B, -C, -DR, and –DQ with DLBCL risk, 

suggesting the importance of host-specific immune responsiveness to DLBCL-related 

antigens.

Results from studies evaluating the association between HLA mismatch and post-transplant 

outcomes related to lymphoid malignancies have been inconsistent. Most studies with 
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adequate sample sizes have been based in kidney transplant registries. In Australia and New 

Zealand, HLA mismatch was not associated with post-transplant lymphoproliferative 

disorder (PTLD, a spectrum of lymphoid cell proliferations including DLBCL) in about 

16,000 kidney transplant recipients.34 On the other hand, two larger studies from the U.S. 

and France reported that HLA mismatch overall was associated with increased PTLD risk, 

but did not examine associations with individual HLA loci.35,36 In a still larger study, 

including about 153,000 kidney transplant recipients, HLA-DR and HLA-B mismatches 

were associated with increased NHL risk.37 The association with HLA-DR mismatch was 

strikingly more pronounced for NHLs occurring in the kidney,37 and higher HLA-DR 

mismatch was associated with increased immunsuppression, including requirement for 

rejection treatment during the first year, use of T-cell–depleting antibodies for rejection 

treatment, and high dose of maintenance medications for up to 3 years.37 PTLD and NHL 

are heterogeneous entities, and some of the differences among prior studies and our results 

may reflect differences in the outcomes that were assessed or the substantially larger size of 

our study.

Our finding that HLA mismatch was most important as a risk factor for late onset DLBCL is 

open to several interpretations. One possibility is that mismatch leads to increased immune 

reactivity which necessitates intensified immunosuppressive treatment, resulting in 

decreased ability for the immune system to control EBV-infected B cells and EBV-driven 

lymphomagenesis. Our observation that HLA matching is protective for late, but not early, 

DLBCL, may be explained by the fact that intense immunosuppression is experienced by all 

transplant recipients in the first few years and tapers in the later years. Thus the differences 

in immunosuppression related to HLA mismatch may only become apparent in the later 

years.. Interestingly, in prior research based in the TCM Study, HLA mismatch has not been 

a significant factor in determining risk for other infection-related cancers, including human 

papillomavirus associated cancers,32 Burkitt lymphoma,38 plasma cell neoplasms,39 or 

Kaposi’s sarcoma,40 suggesting that HLA mismatch may be more than a marker for immune 

suppression in this study of DLBCL. Another possibility is that mismatch causes chronic 

antigenic stimulation by the allograft, contributing to chronic B-cell activation, thereby 

increasing the gradual acquisition of lymphomagenic molecular lesions. This notion is 

supported by data suggesting that EBV is less critical to the development of late DLBCLs.2

After correcting for multiple comparisons, no associations with specific HLA antigens 

remained statistically significant in our analyses. However, several associations that did not 

meet this stringent significance level are still worth discussing. The most remarkable was 

with HLA-B38, which was associated with a 1.48-fold increased risk of DLBCL 

(P=0.0061). In a small previous study, B38 was associated with a 4-fold increase in risk for 

EBV-positive PTLD (P=0.0004).41 B38, for which there are at least 16 allelic variants,42 is a 

“sister” split category of B39 (both from the broad category B16) which we did not find to 

be associated with DLBCL (IRR=0.85, P=0.3392). The consistency of our finding with the 

prior report on PTLD argues against the possibility that this is a chance finding, particularly 

in light of the fact that HLA-B is the most diverse HLA locus, constituting more than half 

(nearly 2,000) of the distinct HLA class I molecules.30
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Among individual class II antigens, DR13 was associated with a notable 26% decreased risk 

of DLBCL (P=0.0144). DR13 has more than 50 allelic variants, many of which are 

extremely rare. Accumulating data suggest that DR13 has an important role in immunity to 

oncoviruses. In a previous study of human papillomavirus-associated cancers that also used 

data from the TCM Study, Madeleine et al. reported that the DR13 antigen was significantly 

associated with a reduced risk of cervical and vulvar cancers.32 Similar protective 

associations have been observed in immunocompetent populations between allelic variants 

DRB1*13:01 and DRB1*13:02 and cervical neoplasia.17,18 Additionally, among 

immunocompetent people, carriership of DRB1*13:01, *13:02, or *13:03 is associated with 

decreased risk of NHL, mainly for follicular lymphoma rather than DLBCL.21,33 Some of 

the associations that we observed between individual HLA antigens and DLBCL may reflect 

the complex relationship between EBV and HLA. EBV epitopes are targeted by EBV-

specific cytotoxic lymphocytes in an HLA-restricted manner.43,44 It is plausible that HLA 

type influences this interaction and thus the immune regulation of EBV. HLA variants may 

also affect the efficiency of immune surveillance for non-viral tumor antigens. Given the 

highly polymorphic nature of HLA, and strong linkage disequilibrium patterns across the 

region, it is also possible that these associations reflect contributions of other genes to the 

development of transplant-associated DLBCL.

We did not observe an association between HLA zygosity and DLBCL. Heterozygosity at 

HLA loci has been found to confer an advantage in immune control for infectious diseases, 

such as HIV, presumably due to the wider array of peptides that can be presented to T-

cells.45 However, in certain situations, homozygosity may actually be beneficial for immune 

control.46 Our findings are in contrast to a prior observation that allelic HLA homozygosity 

was associated with increased DLBCL risk among immunocompetent people.19

Because we relied on serologic assessment of HLA, we cannot rule out that we missed some 

true associations with genetically defined alleles or zygosity. DNA-based methods are 

becoming common practice in HLA typing laboratories. Nonetheless, serological typing 

methods have been standardized by the exchange of reagents and cells in the International 

Histocompatibility Workshops, and the serological equivalencies for genetic variants have 

been expertly assigned, allowing comparability with genetic data.42 HLA split categories, 

resulting from improving specificities of HLA serotyping methods over time, presented an 

analytic challenge. We erred on the side of maintaining split categories as distinct entities in 

our analyses due to the possibility that collapsing split categories to harmonize them with 

the broader categories could mask important differences. However, when the split categories 

were too rare to examine separately, we analyzed the splits and broads together as a single 

category, for example, combining A28 (broad), A68 (split), and A69 (split).

An important strength of this study is the examination of DLBCL in more than 170,000 

transplants, which allowed us to assess associations with relatively rare HLA antigens. 

Because we captured DLBCLs arising over an extended period, we were also able to 

examine associations in different intervals since transplantation. Furthermore, the TCM 

Study comprises a well-defined, population-based sample of the U.S. transplants, and 

linkage with cancer registries allowed for complete and uniform cancer ascertainment.
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A limitation of this study was the lack of data on long-term immunosuppressive 

medications. We therefore could not assess whether differences in intensity of 

immunosuppression mediated the observed associations between HLA mismatch and 

DLBCL risk. Furthermore, cancer registries do not collect information on tumor EBV status, 

so we could not stratify risks for EBV-positive and -negative DLBCL. Also, biogeographical 

ancestry is an important determinant of HLA, and may be associated with DLBCL risk. We 

adjusted our analyses for self-reported race, but it is possible that some residual confounding 

remains. Finally, since DLBCLs can arise very late in the post-transplant period, we are 

likely underestimating the incidence of DLBCLs in our study, particularly if recipients 

moved out of the cancer registry areas. However, out-migration is uncommon in this 

population,29 and we have no reason to believe that the length of follow-up would depend on 

HLA and cause bias in our results. We included 547,653 person-years of follow-up in the 

period >2 years post-transplant (twice as much follow-up time as compared to the period ≤2 

years), providing a sufficient population from which to estimate DLBCL risk by HLA status 

in both strata.

In conclusion, these findings suggest that specific subgroups of solid organ transplant 

recipients may be more susceptible to developing post-transplant DLBCL based on their 

HLA composition and degree of HLA mismatch with the organ donor. Future studies should 

aim to define the underlying mechanisms that are responsible for the observed HLA antigen 

associations. It will also be important to assess the relationship of HLA with control of EBV 

infection, relative intensity of immunosuppressive therapy, and chronic antigenic 

stimulation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Characteristics of 172,231 solid organ transplant recipients, U.S. 1987–2010

N %

Sex

 Female 67,409 39.1

 Male 104,822 60.9

Age at transplant, years

 0–19 12,772 7.4

 20–34 30,266 17.6

 35–49 54,635 31.7

 50–64 58,732 34.1

 65+ 15,826 9.2

Race/ethnicity

 White, non-Hispanic 100,800 58.5

 Black, non-Hispanic 35,058 20.4

 Hispanic 26,916 15.6

 Asian/Pacific Islander 9,457 5.5

Year of transplant

 1987–1992 16,086 9.3

 1993–1998 44,372 25.8

 1999–2004 56,553 32.8

 2005–2010 55,220 32.1

Transplanted organ

 Kidney (deceased donor) 85,307 49.5

 Kidney (living donor) 47,924 27.8

 Heart 19,533 11.3

 Pancreas or kidney-pancreas 9,890 5.7

 Lung 8,494 4.9

 Other/multiple 1,083 0.6

Transplant number

 1 156,690 91.0

 2+ 15,541 9.0

Panel reactive antibody score

 Missing 30,912 –

 0 66,088 46.8

 1–79 64,937 46.0

 80+ 10,294 7.3

Transplantation. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hussain et al. Page 15

Ta
b

le
 2

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
H

L
A

 m
is

m
at

ch
 a

nd
 d

if
fu

se
 la

rg
e 

B
-c

el
l l

ym
ph

om
a

A
nt

ig
en

M
is

m
at

ch
 n

um
be

r
T

ra
ns

pl
an

t 
re

ci
pi

en
ts

 w
it

h 
D

L
B

C
L

T
ra

ns
pl

an
t 

re
ci

pi
en

ts
 w

it
ho

ut
 D

L
B

C
L

SI
R

IR
R

a
95

%
 C

I
P

 fo
r 

tr
en

d
n 

(%
)

n 
(%

)

To
ta

l c
oh

or
t

90
2

17
1,

32
9

12
.0

5

A
0

16
9 

(1
8.

74
)

33
,4

74
 (

19
.5

4)
11

.4
7

0.
93

(0
.7

4–
1.

16
)

0.
50

88

1
38

8 
(4

3.
02

)
73

,0
07

 (
42

.6
1)

12
.0

7
0.

95
(0

.7
9–

1.
15

)

2
34

0 
(3

7.
69

)
63

,7
57

 (
37

.2
1)

12
.4

1
1.

00
re

fe
re

nc
e

B
0

12
4 

(1
3.

75
)

26
,2

98
 (

15
.3

5)
10

.2
4

0.
89

(0
.7

0–
1.

11
)

0.
36

58

1
33

3 
(3

6.
92

)
62

,4
10

 (
36

.4
3)

11
.8

1
1.

01
(0

.8
4–

1.
22

)

2
44

0 
(4

8.
78

)
81

,5
24

 (
47

.5
8)

12
.9

5
1.

00
re

fe
re

nc
e

D
R

0
15

1 
(1

6.
74

)
34

,0
95

 (
19

.9
0)

9.
85

0.
76

(0
.6

1–
0.

95
)

0.
01

49

1
39

6 
(4

3.
90

)
78

,3
88

 (
45

.7
5)

11
.5

3
0.

83
(0

.6
9–

1.
00

)

2
33

9 
(3

7.
58

)
57

,2
21

 (
33

.4
0)

13
.9

8
1.

00
re

fe
re

nc
e

A
+B

+D
R

0
60

 (
6.

65
)

14
,6

32
 (

8.
54

)
9.

54
0.

67
(0

.4
7–

0.
95

)
0.

09
44

1
39

 (
4.

32
)

7,
40

6 
(4

.3
2)

10
.9

6
0.

70
(0

.4
6–

1.
05

)

2
96

 (
10

.6
4)

16
,8

28
 (

9.
82

)
12

.3
2

0.
69

(0
.5

0–
0.

97
)

3
15

3 
(1

6.
96

)
32

,4
55

 (
18

.9
4)

10
.4

3
0.

69
(0

.5
2–

0.
94

)

4
21

3 
(2

3.
61

)
36

,7
77

 (
21

.4
7)

12
.9

4
0.

84
(0

.6
4–

1.
13

)

5
20

9 
(2

3.
17

)
40

,8
50

 (
23

.8
4)

12
.1

8
0.

67
(0

.4
9–

0.
90

)

6
12

8 
(1

4.
19

)
21

,5
04

 (
12

.5
5)

15
.0

1
1.

00
re

fe
re

nc
e

D
L

B
C

L
=

D
if

fu
se

 la
rg

e 
B

-c
el

l l
ym

ph
om

a;
 S

IR
=

St
an

da
rd

iz
ed

 in
ci

de
nc

e 
ra

tio
; I

R
R

=
In

ci
de

nc
e 

ra
te

 r
at

io

a IR
R

s 
w

er
e 

ca
lc

ul
at

ed
 a

s 
th

e 
ra

tio
 o

f 
in

ci
de

nc
e 

ra
te

s 
be

tw
ee

n 
ea

ch
 c

at
eg

or
y 

of
 m

is
m

at
ch

 a
nd

 th
e 

re
fe

re
nc

e 
m

is
m

at
ch

 c
at

eg
or

y,
 a

nd
 w

er
e 

ad
ju

st
ed

 f
or

 s
ex

, a
ge

 a
t t

ra
ns

pl
an

t, 
ra

ce
/e

th
ni

ci
ty

, y
ea

r 
of

 tr
an

sp
la

nt
, 

tr
an

sp
la

nt
ed

 o
rg

an
, a

nd
 tr

an
sp

la
nt

 n
um

be
r.

Transplantation. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hussain et al. Page 16

Ta
b

le
 3

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
H

L
A

 m
is

m
at

ch
 a

nd
 e

ar
ly

- 
an

d 
la

te
-o

ns
et

 d
if

fu
se

 la
rg

e 
B

-c
el

l l
ym

ph
om

a

A
nt

ig
en

M
is

m
at

ch
 n

um
be

r

E
ar

ly
-o

ns
et

 D
L

B
C

L
(≤

 2
 y

ea
rs

 a
ft

er
 t

ra
ns

pl
an

ta
ti

on
)

L
at

e-
on

se
t 

D
L

B
C

L
(>

 2
 y

ea
rs

 a
ft

er
 t

ra
ns

pl
an

ta
ti

on
)

IR
R

a
95

%
 C

I
P

 fo
r 

tr
en

d
IR

R
a

95
%

 C
I

P
 fo

r 
tr

en
d

A
0

1.
38

(0
.9

9–
1.

92
)

0.
05

74
0.

68
(0

.5
9–

0.
77

)
0.

01
20

1
1.

12
(0

.8
3–

1.
51

)
0.

84
(0

.7
6–

0.
94

)

2
1.

00
re

fe
re

nc
e

1.
00

re
fe

re
nc

e

B
0

1.
27

(0
.9

0–
1.

78
)

0.
13

52
0.

67
(0

.5
8–

0.
76

)
0.

01
48

1
1.

19
(0

.8
9–

1.
59

)
0.

90
(0

.8
1–

0.
99

)

2
1.

00
re

fe
re

nc
e

1.
00

re
fe

re
nc

e

D
R

0
1.

07
(0

.7
6–

1.
49

)
0.

72
24

0.
58

(0
.5

1–
0.

66
)

0.
00

05

1
0.

94
(0

.7
0–

1.
26

)
0.

76
(0

.6
8–

0.
84

)

2
1.

00
re

fe
re

nc
e

1.
00

re
fe

re
nc

e

A
+B

+D
R

0
1.

17
(0

.7
0–

1.
94

)
0.

11
55

0.
40

(0
.3

2–
0.

50
)

0.
00

03

1
1.

31
(0

.7
1–

2.
35

)
0.

43
(0

.3
4–

0.
55

)

2
0.

96
(0

.5
6–

1.
65

)
0.

55
(0

.4
5–

0.
66

)

3
0.

92
(0

.5
8–

1.
48

)
0.

56
(0

.4
7–

0.
66

)

4
0.

99
(0

.6
4–

1.
58

)
0.

73
(0

.6
2–

0.
86

)

5
0.

76
(0

.4
8–

1.
22

)
0.

60
(0

.4
5–

0.
80

)

6
1.

00
re

fe
re

nc
e

1.
00

re
fe

re
nc

e

D
L

B
C

L
=

D
if

fu
se

 la
rg

e 
B

-c
el

l l
ym

ph
om

a;
 I

R
R

=
In

ci
de

nc
e 

ra
te

 r
at

io

a IR
R

s 
w

er
e 

ca
lc

ul
at

ed
 a

s 
th

e 
ra

tio
 o

f 
in

ci
de

nc
e 

ra
te

s 
be

tw
ee

n 
ea

ch
 c

at
eg

or
y 

of
 m

is
m

at
ch

 a
nd

 th
e 

re
fe

re
nc

e 
m

is
m

at
ch

 c
at

eg
or

y,
 a

nd
 w

er
e 

ad
ju

st
ed

 f
or

 s
ex

, a
ge

 a
t t

ra
ns

pl
an

t, 
ra

ce
/e

th
ni

ci
ty

, y
ea

r 
of

 tr
an

sp
la

nt
, 

tr
an

sp
la

nt
ed

 o
rg

an
, a

nd
 tr

an
sp

la
nt

 n
um

be
r.

Transplantation. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hussain et al. Page 17

Ta
b

le
 4

To
p 

as
so

ci
at

io
ns

 b
et

w
ee

n 
H

L
A

 a
nt

ig
en

s 
an

d 
di

ff
us

e 
la

rg
e 

B
-c

el
l l

ym
ph

om
a

A
nt

ig
en

T
ra

ns
pl

an
t 

re
ci

pi
en

ts
 w

it
h 

D
L

B
C

L
T

ra
ns

pl
an

t 
re

ci
pi

en
ts

 w
it

ho
ut

 D
L

B
C

L
SI

R
IR

R
a

95
%

 C
I

P
 v

al
ue

n 
(%

)
n 

(%
)

To
ta

l c
oh

or
t

90
2

17
1,

32
9

12
.0

5

H
L

A
-A

 
A

28
 +

 A
68

 +
 A

69
11

5 
(1

2.
75

)
20

,1
60

 (
11

.7
7)

14
.1

1
1.

30
(1

.0
6–

1.
58

)
0.

00
99

 
A

03
23

2 
(2

5.
72

)
35

,1
16

 (
20

.5
0)

14
.1

0
1.

22
(1

.0
5–

1.
42

)
0.

00
99

 
A

32
36

 (
3.

99
)

8,
87

6 
(5

.1
8)

8.
43

0.
68

(0
.4

8–
0.

94
)

0.
02

55

 
A

25
18

 (
2.

00
)

4,
49

1 
(2

.6
2)

7.
91

0.
67

(0
.4

–1
.0

3)
0.

09
11

H
L

A
-B

 
B

38
53

 (
5.

88
)

6,
68

0 
(3

.9
0)

16
.6

7
1.

48
(1

.1
0–

1.
93

)
0.

00
61

 
B

58
13

 (
1.

44
)

7,
40

5 
(4

.3
2)

5.
13

0.
47

(0
.2

6–
0.

78
)

0.
00

71

 
B

18
10

0 
(1

1.
09

)
14

,6
13

 (
8.

53
)

14
.8

7
1.

28
(1

.0
3–

1.
57

)
0.

02
10

 
B

48
2 

(0
.2

2)
2,

00
0 

(1
.1

7)
2.

79
0.

23
(0

.0
4–

0.
72

)
0.

03
88

 
B

55
15

 (
1.

66
)

4,
17

7 
(2

.4
4)

7.
56

0.
58

(0
.3

4–
0.

94
)

0.
03

96

 
B

41
10

 (
1.

11
)

3,
64

2 
(2

.1
3)

5.
99

0.
53

(0
.2

7–
0.

94
)

0.
04

82

 
B

70
 +

 B
71

 +
 B

72
37

 (
4.

10
)

8,
34

3 
(4

.8
7)

13
.4

5
1.

40
(0

.9
7–

1.
95

)
0.

05
84

 
B

63
7 

(0
.7

8)
3,

10
9 

(1
.8

1)
5.

45
0.

52
(0

.2
2–

1.
01

)
0.

08
70

 
B

07
19

5 
(2

1.
62

)
31

,0
70

 (
18

.1
3)

13
.5

4
1.

15
(0

.9
7–

1.
34

)
0.

09
54

H
L

A
-C

 
C

08
21

 (
2.

33
)

8,
03

5 
(4

.6
9)

6.
49

0.
56

(0
.3

5–
0.

85
)

0.
00

98

 
C

12
11

 (
1.

22
)

2,
24

5 
(1

.3
1)

20
.1

6
1.

94
(0

.9
9–

3.
40

)
0.

03
37

 
C

03
 +

 C
09

 +
 C

10
12

5 
(1

3.
86

)
27

,2
15

 (
15

.8
8)

10
.6

0
0.

81
(0

.6
6–

0.
98

)
0.

03
40

H
L

A
-D

Q

 
D

Q
07

98
 (

15
.8

6)
29

,7
25

 (
20

.8
8)

7.
97

0.
77

(0
.5

9–
0.

99
)

0.
04

81

 
D

Q
08

b
64

 (
10

.3
6)

15
,0

31
 (

10
.5

6)
12

.7
8

1.
33

(0
.9

7–
1.

78
)

0.
06

78

 
D

Q
05

b
92

 (
14

.8
9)

22
,5

26
 (

15
.8

2)
11

.5
2

1.
25

(0
.9

5–
1.

63
)

0.
09

68

H
L

A
-D

R

 
D

R
13

b
96

 (
15

.5
3)

29
,3

21
 (

20
.6

0)
8.

76
0.

74
(0

.5
7–

0.
93

)
0.

01
44

Transplantation. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hussain et al. Page 18

A
nt

ig
en

T
ra

ns
pl

an
t 

re
ci

pi
en

ts
 w

it
h 

D
L

B
C

L
T

ra
ns

pl
an

t 
re

ci
pi

en
ts

 w
it

ho
ut

 D
L

B
C

L
SI

R
IR

R
a

95
%

 C
I

P
 v

al
ue

n 
(%

)
n 

(%
)

To
ta

l c
oh

or
t

90
2

17
1,

32
9

12
.0

5

 
D

R
17

b
11

2 
(1

8.
12

)
22

,5
62

 (
15

.8
5)

13
.7

6
1.

23
(0

.9
6–

1.
56

)
0.

09
47

D
L

B
C

L
=

D
if

fu
se

 la
rg

e 
B

-c
el

l l
ym

ph
om

a;
 S

IR
=

St
an

da
rd

iz
ed

 in
ci

de
nc

e 
ra

tio
; I

R
R

=
In

ci
de

nc
e 

ra
te

 r
at

io

a IR
R

s 
w

er
e 

ca
lc

ul
at

ed
 a

s 
th

e 
ra

tio
 o

f 
in

ci
de

nc
e 

ra
te

s 
be

tw
ee

n 
ea

ch
 a

nt
ig

en
 c

at
eg

or
y 

an
d 

al
l o

th
er

 a
nt

ig
en

s 
co

m
bi

ne
d,

 a
nd

 w
er

e 
ad

ju
st

ed
 f

or
 s

ex
, a

ge
 a

t t
ra

ns
pl

an
t, 

ra
ce

/e
th

ni
ci

ty
, y

ea
r 

of
 tr

an
sp

la
nt

, 
tr

an
sp

la
nt

ed
 o

rg
an

, a
nd

 tr
an

sp
la

nt
 n

um
be

r.

b T
hi

s 
ca

te
go

ry
 in

cl
ud

es
 r

es
tr

ic
te

d 
tr

an
sp

la
nt

 y
ea

rs
 r

ef
le

ct
in

g 
w

he
n 

th
e 

sp
lit

 a
nt

ig
en

 c
at

eg
or

y 
w

as
 in

 c
om

m
on

 u
se

 (
de

sc
ri

be
d 

in
 s

up
pl

em
en

ta
ry

 m
at

er
ia

ls
).

Transplantation. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hussain et al. Page 19

Ta
b

le
 5

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
H

L
A

 z
yg

os
ity

 a
nd

 d
if

fu
se

 la
rg

e 
B

-c
el

l l
ym

ph
om

a

A
nt

ig
en

Z
yg

os
it

y
T

ra
ns

pl
an

t 
re

ci
pi

en
ts

 w
it

h 
D

L
B

C
L

T
ra

ns
pl

an
t 

re
ci

pi
en

ts
 w

it
ho

ut
 D

L
B

C
L

SI
R

IR
R

a
95

%
 C

I
P

 v
al

ue
n 

(%
)

n 
(%

)

A
H

et
er

oz
yg

ou
s

77
1 

(8
5.

48
)

14
6,

61
3 

(8
5.

57
)

12
.0

6
1.

00
re

fe
re

nc
e

H
om

oz
yg

ou
s

13
0 

(1
4.

41
)

24
,5

26
 (

14
.3

2)
12

.0
4

0.
95

(0
.7

5–
1.

18
)

0.
63

63

B
H

et
er

oz
yg

ou
s

82
2 

(9
1.

13
)

15
6,

97
2 

(9
1.

62
)

11
.9

9
1.

00
re

fe
re

nc
e

H
om

oz
yg

ou
s

79
 (

8.
76

)
14

,1
61

 (
8.

27
)

12
.8

3
1.

09
(0

.8
2–

1.
43

)
0.

53
65

C
H

et
er

oz
yg

ou
s

27
7 

(3
0.

71
)

61
,7

42
 (

36
.0

4)
11

.1
2

1.
00

re
fe

re
nc

e

H
om

oz
yg

ou
s

27
0 

(2
9.

93
)

47
,9

70
 (

28
.0

0)
12

.0
6

1.
00

(0
.8

2–
1.

23
)

0.
97

08

D
Q

H
et

er
oz

yg
ou

s
51

9 
(5

7.
54

)
10

6,
08

2 
(6

1.
92

)
11

.3
4

1.
00

re
fe

re
nc

e

H
om

oz
yg

ou
s

21
7 

(2
4.

06
)

39
,2

44
 (

22
.9

1)
12

.0
7

0.
99

(0
.8

1–
1.

19
)

0.
89

15

D
R

H
et

er
oz

yg
ou

s
75

9 
(8

4.
15

)
14

6,
38

6 
(8

5.
44

)
11

.9
3

1.
00

re
fe

re
nc

e

H
om

oz
yg

ou
s

13
3 

(1
4.

75
)

24
,2

85
 (

14
.1

7)
12

.3
1

0.
99

(0
.7

9–
1.

24
)

0.
95

41

D
L

B
C

L
=

D
if

fu
se

 la
rg

e 
B

-c
el

l l
ym

ph
om

a;
 S

IR
=

St
an

da
rd

iz
ed

 in
ci

de
nc

e 
ra

tio
; I

R
R

=
In

ci
de

nc
e 

ra
te

 r
at

io

a IR
R

s 
w

er
e 

ca
lc

ul
at

ed
 a

s 
th

e 
ra

tio
 o

f 
in

ci
de

nc
e 

ra
te

s 
be

tw
ee

n 
ho

m
oz

yg
ou

s 
ve

rs
us

 h
et

er
oz

yg
ou

s 
(r

ef
er

en
ce

) 
an

tig
en

 c
ar

ri
er

s,
 a

nd
 w

er
e 

ad
ju

st
ed

 f
or

 s
ex

, a
ge

 a
t t

ra
ns

pl
an

t, 
ra

ce
/e

th
ni

ci
ty

, y
ea

r 
of

 tr
an

sp
la

nt
, 

tr
an

sp
la

nt
ed

 o
rg

an
, a

nd
 tr

an
sp

la
nt

 n
um

be
r.

Transplantation. Author manuscript; available in PMC 2017 November 01.


	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

