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Conclusions

We did not confirm that non-human leukocyte antigen polymorphisms were associated with
outcomes in myeloablative unrelated donor hematopoietic cell transplantation for chronic
myeloid leukemia, possibly because of the strong association between clinical variables and
outcome which masked more subtle genetic effects.
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Introduction

Although there has been a dramatic change in the role
of allogeneic hematopoietic cell transplantation (HCT) for
chronic myeloid leukemia (CML) since the introduction
of tyrosine kinase inhibitors, HCT remains a curative
option for patients in whom tyrosine kinase inhibitor
therapy fails or who are intolerant of the drug.! The main
clinical factors influencing outcomes after HCT for CML
have been identified through studies of large cohorts.”
The European Group for Blood and Marrow
Transplantation (EBMT) derived a clinical risk score for
CML, applicable to matched unrelated donor (URD) and
human leukocyte antigen (HLA)-matched sibling
patient/donor pairs.® Five clinical variables (disease stage,
recipient age, donor/recipient sex match, interval from
time of diagnosis to HCT, donor type) are weighted and
summed to calculate this risk score, which ranges from 0
to 7. The EBMT score has been further confirmed as valid
for all patients undergoing HCT for a hematologic disor-
der’ and for patients undergoing reduced-intensity condi-
tioning.” Recognition of these important clinical factors
associated with transplant success has led to different
treatment recommendations, depending on the degree of
risk associated with CML and HCT for each individual
patient. The widespread availability of well-tolerated and
effective tyrosine kinase inhibitors®® has made them first-
line therapy for newly diagnosed CML patients today. For
patients who do not respond, lose response, or cannot tol-
erate these drugs, HCT remains the therapy of choice."”
Unfortunately, many of these patients may have
advanced disease prior to HCT. A better characterization
of the risk profile associated with allogeneic HCT is,
therefore, urgently warranted to help tailor treatment rec-
ommendations for patients with CML.

In addition to traditional patient-donor and transplant
characteristics, several groups have demonstrated that non-
HLA gene polymorphisms, including those of the innate
immune system, pro- and anti-inflammatory cytokines,
and steroid receptors, predict post-HCT outcomes.' In gen-
eral, these studies were based on small series and the
results were not adjusted for the key risk factors for HCT
outcomes. The role of non-HLA genetics was previously
studied in a homogenous cohort of 228, primarily
Caucasian, adult CML patients with HLA-matched sibling
donors, transplanted from 1984-2003;" the results were
reported to the EBMT. Among nine targeted cytokines,
cytokine receptors, or other genes of interest, an intronic
variable number tandem repeat within the gene for inter-
leukin 1 receptor antagonist (/LIRA), a single nucleotide
polymorphism (SNP) within the tumor necrosis factor II
receptor superfamily, member 1B (TINFRSF1B) gene, and
the interleukin 10 (IL10) gene were associated with survival
when analyzed alone and alongside the EBMT risk score.
There was no evidence of association between these three
genotypes and relapse or acute or chronic graft-versus-host
disease (GVHD), but there was some evidence of associa-
tion with non-relapse mortality."

The present study was intended to assess the impact of
these three high-risk genotypes on outcomes of adult
URD HCT for CML, adjusting for the EBMT risk score
using data provided by the Center for International Blood
and Marrow Transplant Research (CIBMTR). The trans-
plants were done in the era prior to tyrosine kinase
inhibitor therapy.

Design and Methods

Data collection

Data used in this study were obtained from the Statistical
Center of the CIBMTR. The CIBMTR is a research affiliation of
the International Bone Marrow Transplant Registry (IBMTR)
and the National Marrow Donor Program (NMDP), established
in 2004, which comprises a voluntary working group of more
than 450 transplantation centers worldwide which contribute
detailed data on consecutive allogeneic and autologous
hematopoietic HCT to the Statistical Center at the Medical
College of Wisconsin in Milwaukee and the NMDP
Coordinating Center in Minneapolis. Participating centers are
required to report all transplants consecutively; compliance is
monitored by on-site audits. Patients are followed longitudi-
nally, with yearly follow-ups. Computerized checks for dis-
crepancies, physicians’ review of submitted data and on-site
audits of participating centers ensure data quality.
Observational studies conducted by the CIBMTR are per-
formed in compliance with the Privacy Rule (HIPAA) as a
Public Health Authority, and in compliance with all applicable
federal regulations pertaining to the protection of human
research participants as determined by continuous review of
the Institutional Review Boards of the NMDP and the Medical
College of Wisconsin since 1985.

Inclusion criteria

The study population included 383 HCT recipients, primarily
Caucasian, transplanted from 10/10 HLA-matched donors
between 1989 and 2002. The study was restricted to adult
patients (16 years or older), with a diagnosis of CML at any dis-
ease stage, with HCT performed using myeloablative condition-
ing. Informed consent was obtained in accordance with the
Declaration of Helsinki. All surviving URD recipients included in
this analysis were retrospectively contacted and provided
informed consent to participation in the NMDP research pro-
gram. Informed consent was waived by the NMDP Institutional
Review Board for all deceased recipients. Approximately 10% of
surviving patients did not consent to the use of the research data.
To adjust for the potential bias introduced by exclusion of non-
consenting surviving patients, a corrective action plan modeling
process randomly excluded the same percentage of deceased
patients using a biased coin randomization with exclusion prob-
abilities based on characteristics associated with not providing
consent for use of the data in survivors."

Genotyping

All recipient-donor pairs were confirmed to be 10/10 HLA-
matched at HLA-A, B, C, DRB1 and DQB1. DNA from the recip-
ients and donors was analyzed at a single coordination center
(Newcastle upon Tyne, UK) for SNP or microsatellites for
IL1RA,” I110,"* and TNERSF1B" gene polymorphisms. Methods
were carried out as previously described."

Endpoints

The aim of the study was to validate the results from the CML
HLA-matched sibling study using CML unrelated donors. The
outcomes analyzed were overall survival, non-relapse mortality,
relapse, and acute and chronic GVHD.

The acute GVHD endpoint was defined as the development
of grades II-IV according to the Glucksberg criteria.'® Chronic
GVHD was diagnosed following older definitions.”” Relapse was
defined as leukemia recurrence, and non-relapse mortality was
death resulting from any cause other than relapse. Competing
risks were relapse and death.

Genomic risk factors in HCT for CML -
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Biostatistical analysis

The EBMT score was calculated based on five variables: disease
stage (0 for early stage, 1 for intermediate stage and 2 for late
stage), age of recipient (0 for < 20 years, 1 for 20-40 years, and 2
for > 40 years), donor-recipient sex matching (1 for female donor
to male recipient and 0 for other gender combinations), interval
from time of diagnosis to transplant (0 for = 12 months, and 1 for
> 12 months) and type of donor (1 for URD transplants and 0 for
sibling transplants). For the multivariate analysis, Cox proportion-
al hazards regression models were applied, adjusting for the
EBMT risk score. The proportional hazards assumption was
assessed for each covariate and found to be valid. SAS software
version 9.1 (SAS Institute, Cary, NC, USA), NCSS and R were used
in all the analyses. Since multiple SNP and multiple endpoints
were tested, a P value less than 0.01 was considered statistically
significant.

Patient-, disease-, and transplant-related variables were com-

pared between the URD cohort and the previously published

Table 1. Characteristics of the patients and their transplants.

Variable N. evaluated N (%)
Number of patients 383
Number of centers 81
Patients’ age, median (range), years 383 38 (16-58)
Patients’ age' 383

16-40 years 215 (56)

Older than 40 years 168 (44)
Male patient 383 209 (55)
Unrelated donor' 383 383 (100)
Donor/recipient sex match' 383

Male/male 137 (36)

Male/female 93 (24)

Female/male 72 (19)

Female/female 81 (21)
Donors’ age, median (range), years 383 37 (18-58)
Disease stage'

First chronic phase 383 308 (80)

Accelerated phase/= chronic phase 62 (16)

Blast crisis 13(3)
Time from diagnosis to transplant, median 380 12 (2.8-213)
(range), months
Time from diagnosis to transplant’ 380

12 months or less 187 (50)

More than 12 months 193 (50)

Donor/recipient cytomegalovirus status 383

Negative/negative 139 (36)

Negative/positive 106 (28)

Positive/negative 63 (17)

Positive/positive 66 (17)

Unknown 9 (2
Stem cell source 383

Bone marrow 368 (96)

Peripheral blood 15 (4)
EBMT risk score 383

0-1 11 (3)

2 79 (21)

3 134 (35)

4 100 (26)

5-7 56 (15)

continued in next column

Chronic Leukemia Working Party HLA-identical sibling cohort'

using two-sample t-tests and tests of two proportions.

Results

Patients’ characteristics

Table 1 shows the characteristics of the 383 URD recip-
ients. The median age of the recipients was 38 years,
while that of the donors was 37 years, 55% of the recipi-
ents were male and 80% were in first chronic phase at the
time of HCT. Ninety-six percent received bone marrow;
89% were given cyclophosphamide and total body irradi-
ation conditioning. The median follow-up of survivors
was 8.8 years. The cumulative incidence of acute GVHD
II-IV was 65% (95% CI 60%-70%) and the 2-year cumu-
lative incidence of chronic GVHD was 62% (95% CI
56%-68%). The observed frequency of the high-risk level

continued from previous column

Conditioning regimen 383
Cyclophosphamide + total body irradiation 340 (89)
Busulfan + cyclophosphamide 38 (10)
Melphalan > 150 mg/m* 5(D)
GVHD prophylaxis 383
Tacrolimus + (MTX or MMF or steroids) 64 (17)
+ other
Tacrolimus + other 1(<1)
Cyclosporine + MTX + other 242 (63)
Cyclosporine + other (no MTX) 12 (3)
MTX + other (no cyclosporine) 1(<1)
Ex-vivo T-cell depletion 62 (16)
Other 1(<D)
ATG/Alemtuzumab 383
Yes 32(8)
No 351 (92)
Year of transplant 383
1989 1(<D)
1990 12 (3)
1991 17(4)
1992 32 (8)
1993 21(7)
1994 35 (9)
1995 37 (10)
1996 30 (8)
1997 35 (9)
1998 38 (10)
1999 51 (13)
2000 39 (10)
2001 20 (5)
2002 9(2)
Follow up of survivors, median (range), years 176 8.8 (1.1-17.1)
Frequency of high-risk level:*
Recipient TVFRSFIB 196 R 366 200 (55)
Donor /210 ATA/ACC 365 295 (81)
Donor /LIRN allele 2 370 189 (51)

EBMT: European Blood and Marrow Transplant Group; GVHD: graft-versus-host disease;
MTX: methotrexate; MMF: mycophenolate mofetil; ATG: anti-thymocyte globulin;
TNFRSF1B: tumor necrosis family receptor superfamily 1B; IL10: interleukin 10; ILIRN:
interleukin 1 receptor antagonist. 'Variable in the EBMT score. “TNFRSFIB 196 R =
rs1061622; 1L10 ATA/ACC: rs1800872,rs1800871,rs1800896; ILIRN allele 2: rs419598.



of the genotypes was similar to the pattern previously
observed in the HLA-identical sibling cohort for recipient
TNFRSF1B 196R (85% versus 55%, P=0.97). In contrast,
URD donors showed different frequencies in the high-risk
level of IL10 ATA/ACC (81% versus 88%, P=0.02) and
IL1RN allele 2 (51% versus 20%, P<0.0005).

Analysis of the genetic variables

Table 2 shows that the EBMT clinical risk score was an
important predictor but that there was no association
between recipient TNFRSF1B 196R, donor I[L10
ATA/ACC, or donor IL1RN allele 2 with most of the out-
comes. Only donor IL1RN allele 2 was associated with an
increased risk of chronic GVHD (HR 1.55, 95% CI 1.12-
2.15; P=0.01). The three SNP also showed non-signifi-
cance after repeating the analysis using only those compo-
nents of the EBMT risk score which were predictive of
each individual outcome.

Comparison of data sets

Given the different results seen in the previous sibling
analysis and the current URD study, we tested for differ-
ences between the clinical characteristics and outcomes
(Table 3). The URD cohort had some higher risk character-
istics, e.g. longer time from diagnosis to transplant (mean
20.2 months versus 15.2 months, P=0.004), and some lower
risk characteristics, e.g. fewer transplants from female
donors to male patients (18.8% wversus 28.5%, P=0.005),
than the previously studied HLA-identical sibling group.
The URD cohort was more likely to have received bone
marrow (96.1% versus 76.9%, P<0.0005). The URD cohort
was also less likely to have cytomegalovirus positivity in
either the recipients or the donors (62.8% versus 71.9%,
P=0.025). The patients’ age, donors’ age, and use of T-cell
depletion were not statistically different. Estimated survival
at 2 years was lower for the URD recipients (54%, 95% CI
49%-59%) than for the sibling recipients (68%, 95% CI
62%-74%) (P=0.002) and acute GVHD II-IV rates were
higher (66% versus 42%, P<0.0005). The non-relapse mor-
tality rate at 2 years was higher among the URD recipients
(38%, 95% CI 33%-43%) than among the sibling HCT
recipients (30%, 95% CI 24%-38%) (P=0.016). The 2-year
relapse rate was lower for the URD recipients (13%, 95%
CI 10%-17 %) than for the sibling recipients (19%, 95% CI
14%-26%) (P=0.003). Individual EBMT risk factors were

Table 2. Multivariate analysis for polymorphisms.

more predictive of outcomes in the URD cohort than in the
HLA-identical sibling group (results not shown).

Discussion

We studied 383 recipients of HLA-matched URD HCT
with myeloablative conditioning for the treatment of
CML, in order to validate previously described associa-
tions between non-HLA polymorphisms and outcomes. In
our study, recipient TNFRSF1B 196 R, donor IL10
ATA/ACC, and donor IL1RN allele 2 were not associated
with overall survival, non-relapse mortality, relapse, or
acute GVHD. Only donor IL1RN allele 2 was marginally
associated with an increased risk of chronic GVHD.

In the previous study of 228 HLA-identical sibling donor
pairs, in which associations were identified between these
polymorphisms and worse survival, the hazard ratios
ranged from 1.82 (P=0.01) to 2.45 (P=0.001)." An associa-
tion of these polymorphisms with survival was biological-
ly plausible since they are known to be involved in the
inflammatory “cytokine storm” that characterizes acute
GVHD. All have been reported to be associated with
important transplant outcomes in previous studies.
Absence of TNFRSFIB 196R in the recipient causes
increased serum levels of soluble TNFRII and decreased
circulating TNE Absence of donor IL10 ATA/ACC is asso-
ciated with higher levels of IL-10."** Presence of donor
IL1RA (allele 2) causes down-regulation of IL1 by IL1-
receptor antagonist.'®

In other studies, the presence of the TNFRSF1B 196R
polymorphism was associated with autoimmune disease,
increased incidence of acute GVHD and higher IL-6 lev-
els.”” One URD study found that the absence of recipient
TNERSF1B 196R was associated with worse survival, con-
sistent with Dickinson’s findings.” The absence of recipi-
ent IL10-ATA in HLA-identical sibling transplants was
associated with more severe acute GVHD.” Xiao showed
that even in heterogeneous related and unrelated donor
cohorts, certain TGFB and IL10 polymorphisms (TGFB1-
509T/T genotype, IL10-1092, -819CC and -592 C/C geno-
types) were associated with GVHD and survival.” The
absence of the IL10 genotype (ATA/ACC) in the donors, as
shown in our sibling CML cohort," was associated with
decreased survival and death in remission. Absence of the
ATA haplotype in the donors was also associated with

Main Effect Non-relapse Relapse? Acute GVHD Chronic Overall
mortality* -V GVHD* Survival®
HR P value HR P value HR P value HR P value HR P value
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)

Low- risk genotypes 1.00 1.00 1.00 1.00 1.00

Patient TNFRII 196R 0.91 0.58 1.19 0.55 0.96 0.78 1.03 0.88 0.98 0.88
(0.65-1.27) (0.68-2.08) (0.74-1.26) (0.74-1.41) (0.73-1.31)

Donor /L10 ATA/ACC 1.27 0.29 0.77 0.41 0.89 0.51 0.86 0.46 1.10 0.62
(0.82-1.99) (0.41-1.45) (0.64-1.25) (0.58-1.28) (0.76-1.59)

Donor /LIRN allele 2 1.08 0.64 0.62 0.09 1.20 0.18 1.55 0.01 0.91 0.50
(0.78-1.50) (0.36-1.08) (0.92-1.57) (1.12-2.15) (0.68-1.21)

Genomic risk factors in HCT for CML -

HR: hazard ratio for high-risk level; CI: confidence interval; GVHD: graft versus host disease; TNFRSF1B: tumor necrosis family receptor superfamily 1B, IL10: interleukin 10; ILIRN=
interleukin 1 receptor antagonist.' The non-relapse mortality model was adjusted for EBMT score [HR=1.54 (1.31-1.80),P<0.0005] “The relapse model was adjusted for EBMT score
[HR=1.30 (1.01-1.68), P=0.046] *Acute GVHD IV model was adjusted for EBMT score [HR=1.06 (0.94-1.20), P=0.353] “Chronic GVHD model was adjusted for EBUIT score
[HR=1.20 (1.03-1.41), P=0.02] *Overall survival was adjusted for EBMT score [HR=1.51 (1.32-1.74), P<0.0005]
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death in remission in an unrelated and sibling Chinese
transplantation population.”

Ideally, populations used for validation have characteris-
tics that are similar to the initial training dataset to mini-
mize confounding effects. In the current study, we tested
the hypothesis that genetic polymorphisms previously
found to be of importance in sibling transplantation were
also clinically significant in unrelated HCT. It is worth not-
ing that some of the clinical characteristics of our unrelat-
ed cohort differed from those of the historical sibling pop-
ulation (Table 3), especially those incorporated into the
EBMT risk score; however, the EBMT risk score was still
found to be strongly associated with overall survival in
both the unrelated cohort and historical sibling groups.
The survival rate of the URD cohort was also worse and
the acute GVHD II-IV rate higher than those of the HLA-
identical sibling cohort. We do not have accurate data on
other medical comorbidities™ or disease factors that could
explain the differences and could, therefore, negate any
influence of non-HLA genetic factors.

In other studies, donor HLA-DPB1 mismatching was
associated with an increased risk of acute GVHD.” An
insufficient number of samples in the current analysis
were genotyped for this locus and precluded consideration
of DPB1 in the models. Whether HLA-DP mismatching
might explain the differences in outcomes between the
historic sibling cohort and the unrelated population
remains to be tested. Regardless, HLA-DP mismatching is
not likely to confound the analysis of the URD cohort,
because the frequency of HLA-DP mismatching is inde-
pendent of TNFRSF1B, IL10, and IL1RA genotypes. Finally,
the frequencies of donor high-risk polymorphisms were
very different for two of the SNP in the URD cohort com-
pared to in the sibling cohort. Since the classical HLA loci
are the only genetic determinants for which donors are
selected, the degree of genetic variation elsewhere in the
genome is predicted to be higher among a pool of unrelat-
ed individuals than among genotypically identical siblings.

Whether the cumulative effects of such variation
obscures potential effects of the genes of interest remains
an interesting question for future studies. Finally, the sib-
ling and unrelated donor cohorts differed with respect to
the stem cell source — more patients in the URD cohort
received bone marrow (Table 3). Whether the effects of
the SNP of interest were attenuated in the setting of mar-
row compared to peripheral blood stem cells is an intrigu-
ing possibility that will require a larger transplant experi-
ence to clarify. It is interesting to note that after re-analysis
using a sub-group of the historical sibling population, in
which patients received bone marrow only, the relation-
ship between overall survival and the three polymor-
phisms was still strong.

Our current study shows that the EBMT clinical risk
score is still an important predictor of outcomes across vari-
able cohorts, and should be used alongside SNP variables to
enhance the understanding of factors that influence sur-
vival. Differences in the distribution of outcomes between
the cohorts might have contributed to the lack of associa-
tion between the polymorphisms and outcomes. We also
found that the individual components of the EBMT risk
score were more strongly associated with outcomes in the
URD cohort than in the HLA-identical sibling cohort, espe-
cially for the survival outcome. We postulate that the
strong association between clinical variables and outcome
masked more subtle genetic effects for the URD cohort.

Table 3. Comparison of selected characteristics in the unrelated donor and
HLA-matched sibling data sets.

Unrelated  HLA-matched Test
donor sibling (P value)
Patients’ age Mean 38.0 Mean 37.9 P=0.92*
N=383 N=228
Donors’ age Mean 37.0 Mean 38.9 P=0.056"
N=383 N=152
Female donor to male patient 72/383 =18.8%  65/228=28.5% P=0.005'
Time from diagnosis to transplant  Mean 20.22 ~ Mean=15.22 P=0.004*
(months) N=380 N=228
Cytomegalovirus positivity 235/374 = 62.8% 156/217=T71.9% P=0.025'
in either patient or donor
Bone marrow stem cell source  368/383 = 96.1% 166/216=76.9% <0.0005'
T-cell depleted 80/383=20.9%  39212=184% P=04T'
High risk level:
Recipient TVFRSFIB 196 R 200/366=54.6% 125/228=54.8% P=0.97"
Donor /L10 ATAV/ACC 295/365=80.8%  200/228=87.7% P=0.021'
Donor /LIRN allele 2 189/370=51.1%  45/228=19.7% <0.0005'
Minor allele frequencies
Recipient TVFRSFIB 196 R 188/732=25.7% 115/456=25.2% P=0.89"
(minor allele R)
Donor /L10 ATAV/ACC (minor 177/119=24.6%  96/456=21.1% P=0.178'
haplotype ATA)
Donor /LIRN allele 2 220/740=29.1%  57/456=12.5% <0.0005'

(minor allele 2)
!(2 sided test) of 2 proportions; (2 sided) 2 sample t-test.

The challenge now is to identify those SNP that influ-
ence outcomes irrespective of the heterogeneity of the
clinical cohorts. This can only be accomplished by the use
of large cohorts of patients and genome-wide association
studies. SNP analyses, as recently reviewed by Hansen et
al., Mullighan et al. and Dickinson and Holler,”** have
shown conclusively that SNP in the recipients and donors
are associated with GVHD and survival. However, even
current genome-wide association studies are inconclusive
and difficult to replicate® due to heterogeneity of cohorts
of patients and clinical covariates.

For patients with CML, given the successful use of tyro-
sine kinase inhibitors and the consequent decreased use of
transplantation, we would now need large collaborative
studies to address future questions. Although we were not
able to validate the hypothesized relationship between
the evaluated SNP and transplant outcomes in unrelated
donor transplantation, future studies should continue to
refine HCT risk profiles for CML and other diseases so
that treatment recommendations can be tailored accord-
ingly. For example, certain subgroups of patients may ben-
efit more from novel clinical trials, different standard treat-
ment recommendations, or modifications of immunosup-
pressive therapy to improve their outcomes.
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