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ARTICLE INFO ABSTRACT

Multiple retrospective studies have demonstrated an association between cytomegalovirus (CMV) reactivation
and reduced risk of AML relapse. However, the potential mechanism explaining this association remains elusive.
We investigated a homogeneous cohort of 288 adult patients with AML in remission who received allogeneic
hematopoietic stem cell transplantation (HCT) from matched sibling/unrelated donors between 1995 and 2011.
The 5-year cumulative incidence of relapse was greater in patients without CMV reactivation compared with
those with reactivation (30.2% vs. 12.1%, p = 0.001) in a landmark analysis. In multivariate analyses CMV
reactivation was independently associated with reduced relapse risk (HR: 0.49 [0.25-0.95], p = 0.036) and
increased non-relapse mortality (26.5% vs. 13.1%, p = 0.002) resulting in similar 5-year overall survival (64.5%
vs. 59.1%, p = 0.8). In further subgroup analyses the protective effect of CMV reactivation was significant in
patients who received HCT from donors with KIR Bx compared to KIR AA (11.7% vs. 29.5%, p = 0.01). Likewise,
the protective effect of CMV reactivation was more significant when the donors had 2DS1 activating KIR (11.5%
vs. 30.7%, p = 0.05) compared with those without 2DS1 (14.3% vs. 27.5%, p = 0.12). Our data independently
confirmed the association between CMV reactivation and AML relapse, suggesting the involvement of donor KIR
genotypes and NK cell-mediated graft-versus-leukemia effect.
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myelodysplastic syndrome (MDS). [3] Further examination by Man-
jappa et al. suggested this protective effect might be subjective to the

1. Introduction

The effect of cytomegalovirus (CMV) infection on acute myeloid
leukemia (AML) relapse was initially reported by Elmaagacli et al. who
observed early CMV infection after allogeneic hematopoietic cell
transplantation (alloHCT) is associated with reduced risk of relapse in a
relatively homogeneous population of patients who underwent HCT
with fully myeloablative conditioning (MAC). [1] Similar protective
effect was reported in patients with chronic myelogenous leukemia
(CML) receiving T cell-depleted grafts [2]. In another large single-in-
stitution study, Green et al. confirmed the association between CMV
reactivation and decreased risk of relapse in AML patients, but not in
patients with acute lymphoid leukemia (ALL), lymphoma, CML, or

conditioning regimen, as CMV reactivation resulted in lower relapse
only in AML patients receiving MAC but not reduced-intensity con-
ditioning (RIC) [4]. More recently, a large registry study by the Japan
Society for HCT, confirmed the beneficial effect of CMV reactivation on
subsequent risk of relapse in AML patients but not in those with other
hematological malignancies [5]. However, studies from the Center for
International Blood and Marrow Transplant Research (CIBMTR)
showed no association between CMV reactivation and decreased re-
lapse rate for patients with AML post-HCT [6].

Although the protective effect of CMV reactivation on relapse ap-
pears robust, the biological mechanism behind this effect remains
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highly elusive. It is possible that CMV reactivation might not have any
causative relationship with relapse prevention, but it might be a trigger
for other unknown clinical/biological factor(s) leading to relapse-pro-
tection. Plausible hypotheses include upregulation and maturation of
specific natural killer cell (NK) populations appearing early after CMV
infection, including NKG2C™* cells (memory NK). [7,8] While there is
no direct evidence that these specific NK subsets are responsible for
GVL effects, it is likely that CMV infection induces phenotypic and
functional changes in NKs via interactions with T cells and/or stimu-
latory cytokines that may result in a desirable NK effector function for
GVL.

Activating and inhibitory killer immunoglobulin-like receptors
(aKIR, iKIR), expressed on the plasma membrane of NKs, regulate the
killing function of these cells in response to viral or other intracellular
pathogen infections, tumor transformed host cells, and transplanted
allogeneic cells. [9-11] In a study by Cook and colleagues, authors
reported that in matched sibling donor HCT, presence of donor KIR
haplotype B (in donors with more than one aKIR gene) was associated
with a 65% reduction in CMV reactivation [12]. Inhibiting effect of
aKIRs was further confirmed in another study by Zaia et al, demon-
strating donor aKIR profile containing aKIR2DS2 and aKIR2DS4 were
predictive for low risk of CMV reactivation [13].

The association between KIR genotypes and risk of AML relapse
remains controversial. While multiple studies have demonstrated a
beneficial role for donor NK alloreactivity in mismatched-HCT, [14-16]
other studies examining the KIR ligand incompatibility concept have
provided conflicting results [17-20]. In one study, Hsu et al, demon-
strated that lack of HLA ligand for donor-iKIR (missing KIR ligand)
resulted in lower relapse incidence in AML and MDS patients [21]. In
another study, Venstrom et al, reported that AML patients who received
allografts from KIR2DS1" donors had lower relapse rate than those
with allografts from KIR2DS1 negative donors [22].

These apparent associations between AML relapse, CMV reactiva-
tion, and various models for activating/inhibitory KIR-ligand interac-
tions are the basis for the current study. We first sought to determine
the impact of CMV reactivation on risk of AML relapse in a relatively
homogeneous large group of adult patients in our institution with more
than half receiving RIC-HCT. Then we examined the activating/in-
hibitory KIR-ligand interactions, which may explain the underlying
immune-biology mechanism involved in CMV reactivation-induced
protection against AML relapse.

2. Subjects and methods
2.1. Patients and donors

In this retrospective study approved by the City of Hope
Institutional Review Board, we identified 288 consecutive AML patients
in either first or second complete remission (CR) who underwent
alloHCT between 1995 and 2011 from a matched-related (MRD) or
unrelated donor (MUD). Patients who were not in CR, did not received
ex-vivo or in-vivo T cell depletion with anti-thymocyte globulin (ATG)
or received HCT from < 8/8 matched donor were excluded. From these
288 patients, 12 who experienced relapse (n = 2) or death (n = 10)
within 55 days post-HCT were excluded to perform a landmark ana-
lysis. The remaining 276 patients and their clinical/transplant char-
acteristics are detailed in Table 1a and Table 1b. Briefly, majority of
patients (83%) were in CR1. HCT was from a MRD in 190 and a MUD
86 patients. RIC (fludarabine/melphalan) was used in 125 patients
(45%). Graft source was peripheral blood stem cells (n = 240) or bone
marrow cells (n = 36). Sixty-nine patients (25%) had high-risk cyto-
genetic abnormalities according to the Southwest Oncology Group
(SWOG) prognostic classification. [23]

Table 1a
Patient and Transplant Characteristics.
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Variable

Median (Range) or N (%)

Patient Age at HCT
Patient Gender

Female

Male

Year of HCT

Before 2005

After 2005

Donor Type

Sibling

Unrelated

Donor/Patient Gender
Female Donor to Male Patient
Other

Cytogenetic Risk
Favorable

Intermediate

Unfavorable
Unknown/NA

Stem Cell Sources

Bone Marrow

Peripheral Blodd Stem Cells
Disease Status at HCT
CR1

CR2

Donor/Patient CMV Status
Negative/Negative
Negative/Positive
Positive/Negative
Positive/Positive

GVHD Prophylaxis
Cyclosporine + 1 Drug
Cyclosporine + 2/3 Drugs
Tacrolimus + 1 Drug
Tacrolimus + 2/3 Drugs
Tacrolimus/Sirolimus Usage
No

Yes

Conditioning Regimens
Fludarabine/Melphalan
Other

ABO compatibility

Match

Not-matched

49 (18-70)

140 (51)
136 (49)

102 (37)
174 (63)

190 (69)
86 (31)

48 (17)
228 (83)

13 (5)
165 (60)
69 (25)
29 (10)

36 (13)
240 (87)

229 (83)
47 (17)

34 (12)
59 (21)
29 (11)
154 (56)

75 (27)
27 (10)
154 (56)
20 (7)

114 (41)
162 (59)

125 (45)
151 (55)

165 (60)
111 (40)

Table 1b
Donor KIR Classification.

Variable

Median (Range) or N (%)

Donor KIR Genotype
AA

BX

Not Available
Donor Centromeric
A/A

A/B

B/B

Not Available
Donor Telomeric
A/A

A/B

B/B

Not Available
Donor (2DL2/2DL3)
2DL2 homozygote
2DL3 homozygote
2DL2, 2DL3

Not Available

KIR HLA

ClC1

C1C2 or C2C2

Not Available

87 (32)
164 (59)
25 (9)

136 (49)
96 (35)
19 (7)
25 (9)

150 (54)
90 (33)
11 4
25 (9)

20 (7)
140 (51)
91 (33)
25 (9)

41 (15)
210 (76)
25 (9)
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2.2. Transplant regimens

Transplant conditioning included MAC: fractionated total body ir-
radiation (FTBI) at 13.2Gy in combination with either etoposide
(120 mg/kg) or cyclophosphamide (120 mg/kg); or RIC: fludarabine
125mg/m? plus melphalan 140 mg/m? Graft-versus-host-disease
(GVHD) prophylaxis consisted of calcineurin inhibitor (tacrolimus or
cyclosporine) plus a short course of methotrexate or tacrolimus and
sirolimus with/without methotrexate. Other supportive care including
infectious disease prophylaxis was provided according to the institu-
tional standard of care procedures.

2.3. CMV monitoring and preemptive therapy

No patients in this cohort received prophylactic anti-CMV therapy.
CMV was monitored by shell vial culture (until ~2005) or PCR (started
~2005) once or twice a week from day +21 through day +100.
Preemptive therapy with ganciclovir or foscarnet was started when
CMV reactivation was detected by a positive culture or PCR (> 1500
gc/ml or 500-1500 ge/ml when considered high risk).

2.4. KIR genotyping

DNA extraction from donor and recipient blood samples was per-
formed using QIAmp DNA Blood Mini Kit (Qiagen, Valencia, CA) fol-
lowing manufacturer’s recommendations. A multiplex PCR-sequence-
specific (PCR-SSP) was performed on DNA samples as previously de-
scribed, [24] using 28 primers in 4 multiplex PCR reactions for detec-
tion of 14 functional KIR genes. Assays were run with following primer
combinations: A) iKIR2DL1, iKIR2DL2, iKIR2DL4, and aKIR2DS3; B)
iKIR2DL3, aKIR2DS2, iKIR3DL1 and aKIR2DS4; C) iKIR2DL5,
aKIR2DS1, and iKIR3DL2; and D) aKIR2DS4n, aKIR2DS4d, aKIR2DS5
and 3DL3. This method identifies all 14 functional KIR genes including
the deletion mutant 2DS4d, but not the pseudogenes. Amplified sam-
ples were run on a 3% agarose gel for visualization and analysis.
KIR2DL4, 3DL2, and 3DL3 were not included in the analyses, since they
were detected in 100% of donors and recipients.

2.5. Statistical analyses

Cumulative incidence of CMV reactivation, morphologic relapse,
and non-relapse mortality (NRM) were estimated, treating death (CMV
reactivation and morphologic relapse) and relapse as competing risk
events. Cox proportional hazards models were used to evaluate risk
factors associated with morphologic relapse; the proportional hazard
assumption was examined (upheld). A stepwise selection model was
used and interaction between the main effect and significant covariates
were examined. Clinical and transplant factors included for analysis
were patients’ age (below/above median: 49 years), donor type (MRD
or MUD), conditioning regimen (MAC or RIC), transplant era
(1995-2005 and 2006-2011), CMV reactivation, disease status at HCT
(CR1 or CR2), cytogenetic risk (low, intermediate, high), donor/re-
cipient CMV serostatus, and acute GVHD (none or grade I vs. grade II-
IV). CMV reactivation and acute GVHD were analyzed as time-depen-
dent variables. Statistical analyses were performed using Statistical
Analysis System (SAS) version 9.4. A landmark analysis was performed
at day +55 to compare the cumulative incidence of relapse (CIR) by
CMV reactivation status (75% of the patients who reactivated -did so by
day +55). Secondary eligibility was alive and disease free at day +55.
Ten patients who expired and two others who relapsed prior to day
+55 were not included in the analysis.
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Table 2
Summary of Outcomes.

Variable Median (Range) or N (%)

Acute GVHD Grade

Yes 171 (62)
Grade I 46 (17)
Grade II 76 (27)
Grade III 39 (14)
Grade IV 10 (4)
No 105 (38)
Chronic GVHD

Yes 185 (67)
Limited 29 (10)
Extensive 156 (57)
No 79 (28)
Died too early 114
Not Available 1)
Time to engraftment (Days) 15 (10 - 50)
CMV Reactivation first 100 Days post-transplant

No 191 (69)
Yes 85 (31)
Days from HCT to CMV Reactivation Onset, n = 85

(first 100 days post-HCT) 44 (14 - 100)
Relapse/Progression post HCT

No 209 (76)
Yes 67 (24)

Median Follow Up (Months)
Surviving Patients

Deceased Patients

Number of Death Events post HCT

38.0 (2.1 -210.7)
63.1 (5.7 - 210.7)
13.3 (2.1 - 192.6)

Alive 166 (60)
Dead 110 (40)
Cause of Death — See table below
Disease Progression 44
Infection 31
GVHD 12
Other 13
Information Not Available 10
*Patient developed cGVHD with 100 days post-HCT. * Follow up cut-off date: 03/05/
2013
3. Results

3.1. Overdall HCT and CMV reactivation outcomes

All but 4 patients engrafted with the median of 15 days post-HCT.
With the median follow-up duration of 63.1 months (range 6-211
months), 166 patients (60%) stayed alive. HCT outcomes including
causes of death are summarized in Table 2. The 5-year probabilities of
overall survival (OS), relapse-free survival (RFS) were 60.9% (95% CI:
54.4-66.8), 58.5% (95% CI: 52.0-64.4), respectively. At 5 years, re-
lapse incidence and NRM were 24.5% (95% CI: 19.8-30.3), and 17.0%
(95% CI: 12.8-22.5), respectively. CMV reactivation was observed in 85
patients (31%) before day + 100 (median onset: 44 days) (Table 2). The
cumulative incidence of CMV reactivation in patients at risk (donor or
recipient seropositive) was 33.9% (95% CI: 28.4-40.4) and in ser-
opositive patients was 38.0% (95% CI: 32.0-45.1).

3.2. Incidence of AML relapse and CMV reactivation

Consistent with the earlier reports, [1-5,25] the 5-year CIR was
greater in patients without CMV reactivation 30.2% (95% CL:
24.1-37.7) compared with those with CMV reactivation 12.1% (95%
CL: 6.7-21.6, p = 0.001) when examined as a land-mark analysis for
those without relapse through day 55 post-HCT (Fig. 1a). However,
CMV reactivation was associated with increased NRM (26.5% vs.
13.1%, p = 0.002, Fig. 1b) resulting in a similar 5-year RFS in both
groups (61.5% vs. 56.7%, p = 0.7, Fig. 1c) and OS (64.5% vs. 59.1%,
p = 0.8, Fig. 1d). By landmark analysis (Table 3), unfavorable cytoge-
netics (hazard ratio [HR] = 1.86, 95% CI: 1.15-3.03; p = 0.01) was
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Fig. 1. 5-year cumulative incidence of relapse (CIR), cumulative incidence of non-relapse mortality (NRM), relapse free survival (RFS), and overall survival (OS) in
patients with (blue line) and without (green line) CMV reactivation (a) CIR by CMV reactivation when examined as a landmark analysis for those without relapse by
day 55 post-HCT (b) Cumulative incidence of NRM by CMV reactivation status (c¢) RFS by CMV reactivation status (d) OS by CMV reactivation status (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

significantly associated with AML relapse while CMV reactivation
(HR = 0.37, 95% CL: 0.20-0.70; p = 0.002) was protective. There was a
trend towards reduced relapse with RIC compared with MAC-HCT
(HR = 0.66, 95% CI: 0.41-1.07; p = 0.1). Transplant era (2005-2011)
showed a trend towards increased relapse (HR = 1.65, 95% CL:
0.97-2.79; p = 0.07). In multivariate analysis, only two variables, CMV
reactivation (HR = 0.49, CI: 0.25-0.95; p = 0.036) and cytogenetic risk
(HR = 1.8, CI: 1.1-2.9; p < 0.02) remained significantly associated
with relapse risk (Table 3). The association between CMV reactivation
and reduced AML relapse was independent of serostatus of donor/re-
cipient.

Evaluation of CMV reactivation impact on AML relapse in patients
receiving MAC and RIC, in contrast to an earlier report by Manjappa
et al, [4] showed a significant association between CMV reactivation
and relapse in RIC-HCT patients (8.9% vs. 35.4%, p = 0.007), whereas
this significance was absent in MAC-HCT patients (13.5% vs. 24.7%,
p = 0.12, Fig. 2a and b).

3.3. Subgroup analysis based on donor KIR genotypes

We first sought to evaluate if particular KIR genotypes were influ-
encing the association between CMV reactivation and AML relapse.
Thus, we performed subset analyses focused on the donor KIR Bx (vs.
AA) and aKIR2DS1™" (vs. no KIR2DS1), which were reported to be as-
sociated with reduced risk of relapse. [22] Our analysis indicated that
the protective effect of CMV reactivation was maintained in patients
who received HCT from donors with KIR Bx (11.7% vs. 29.5%,
p = 0.01). This significance was however lost in the subgroup of pa-
tients receiving HCT from KIR A/A donors (16.5% vs. 27.5%, p = 0.29,
Fig. 3a and b). Likewise, the protective effect of CMV reactivation was
more pronounced and significant when donors were KIR2DS1 " (11.5%
vs. 30.7%, p = 0.05) compared with donors without KIR2DS1 (14.3%
vs. 27.5%, p = 0.12, Fig. 3c and d).

3.4. Impact of KIR genotypes on AML relapse and CMV reactivation

We next examined multiple genotypes and missing-self recognition
algorithms to evaluate their impact on AML relapse (Supplementary
Table 1) and CMV reactivations (Supplementary Table 2). In our cohort,
there were no genotypes or donor KIR-patient HLA combinations,
which were significantly associated with AML relapse or CMV re-
activations (Supplementary Tables 1 and 2). However, when we ex-
amined the interaction between KIR and CMV in association with re-
lapse risk, there was a trend towards reduced relapse when donor had
2DL2/3 genotype (all donors in our cohort had at least a copy of 2DL2
or 2DL3) and recipient was missing the corresponding C1 (p = 0.06)
(Supplementary Table 3).

Forcing the combination of donor KIR2DL2/3 with recipient
C1(2DL2/3-C2C2) into the multivariate model showed no significant
improvement on the model fit compared to using variables < p = 0.1 in
univariate. Forcing the KIR genotype “BX vs. AA” or “2DS1" vs.
2DS1 ™7, did not improve the model. We also systemically examined the
interaction between KIR genotypes and CMV reactivation on the re-
duction of relapse risk (Supplementary Tables 3 and 4), but did not
observe the KIR modifying impact of CMV reactivation on relapse in our
dataset.

4. Discussion

In this study, we independently confirmed previous observation that
CMV reactivation is associated with reduced risk of AML relapse in a
relatively homogenous cohort (fully matched donors, CR1 or CR2 only).
In multivariate analysis, only cytogenetic risk (high vs. others) and
CMV reactivations were significant factors predicting AML relapse. Our
data, in accordance with Green et al., [3] indicated an association be-
tween CMV reactivation and AML relapse-protection. However, because
of increased risk of NRM in the control group, the overall/disease-free
survival rates between the two groups stayed similar.
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Table 3
Univariateand Multivariate Analysis for Variables Associated with AML relapse.
Univariate Multivariate

Variable N Events Hazard Ratio (95% CI) p Hazard Ratio (95% CI) p
Age at HCT 0.93 N/A
< 49 137 33 Baseline Baseline
> 49 139 34 1.02 (0.63, 1.65) -
CMV Serostatus 0.25 N/A
D-/R- 34 11 Baseline Baseline
Other 242 56 0.68 (0.35, 1.31) -
CMV Serostatus 0.13 N/A
R+ 213 47 Baseline Baseline
other 63 20 1.50 (0.89, 2.54) -
Disease Status at HCT 0.54 N/A
CR1 229 57 Baseline Baseline
CR2 47 10 0.81 (0.42, 1.57) -
Donor Type 0.43 N/A
Related 190 44 Baseline Baseline
Unrelated 86 23 1.22 (0.74, 2.01) -
Transplant Era 0.07 N/A
Before 2005 102 20 Baseline Baseline
After 2005 174 47 1.65 (0.97, 2.79) -
Conditioning Regimens 0.10 N/A
Fully ablative 151 31 Baseline Baseline
RIC (Flu/Mel) 125 36 0.66 (0.41, 1.07) -
Cytogenetic Risk 0.01 0.02
Favorable 13 2 Baseline Baseline
Intermediate 165 32 1.34 (0.31, 5.85) -
Unfavorable 69 25 2.60 (0.59, 11.4) -
Unknown 29 8 1.89 (0.39, 9.19) -

0.01 - 0.02
Favorable/Intermediate/Unknown 207 42 Baseline Baseline
Unfavorable 69 25 1.86 (1.15, 3.03) 1.8 (1.1, 2.9)
CMV Reactivation before Day 55 0.03 0.04
Yes 214 58 Baseline Baseline
No 62 9 2.15 (1.08, 4.26) 2.1 (1.0, 4.1)
aGVHD Grade 0.73 N/A
None-I 151 38 Baseline Baseline
II-1v 125 29 0.92 (0.57, 1.49) -

*Landmark Analysis on Cumulative Incidence of Relapse: Event = Relapse, Completing risk = Death without relapse.

Our results are, however unique from others with regards to the
impact of CMV reactivation on RIC-HCTs. The original study by
Elmaagacli and colleagues included only patients who received MAC.
[1] In a larger retrospective study, MAC was given to 83% of their
cohort (n = 2138), and no detailed assessment was presented for the
RIC subgroup [3]. Manjappa and colleagues reported that CMV re-
activation did not significantly affect the risk of relapse in their RIC
cohort of 58 patients [4]. However, our current data, in contrast with
the study by Manjappa et al, suggest that the impact of CMV re-
activation on the risk of relapse was greater in the RIC recipients. This
observed difference might be due to the difference in the sample size of
RIC cohorts (n = 58 vs. 125 in our cohort), methods of CMV detection
(PCR only vs. shell vial culture and PCR), use of ATG in the con-
ditioning regimen (44 of 58 patients received ATG in Manjappa’s co-
hort), and differences in the exact regimens within RIC conditioning
between the two cohorts. In particular, the use of ATG might have re-
duced the impact of CMV reactivation as observed by Busca et al. [26]
and Bao et al. [25] Thompson et al. postulated that delayed T-cell re-
constitution due to alemtuzumab-containing regimens could potentially
eliminate the beneficial effects of CMV reactivation in RIC transplant
patients [27]. Therefore, these clinical heterogeneities in conditioning
regimens, GVHD prophylaxis, and methods of CMV detection pre-
emptive therapy are likely contributing to the conflicting results among
single-center and registry studies [1,3,5].

Although several studies have reported an association between CMV
reactivation and decreased relapse after HCT in AML patients, the
biological mechanism(s) underlying this observation remain highly
elusive. The possibility of direct cytotoxic effects by ganciclovir is

unlikely based on Green’s analysis in which ganciclovir-induced cyto-
penia (possible surrogate for cytotoxic effects) was not associated with
relapse. [3] It is also unlikely that CMV-specific T cells exert bystander
cytotoxicity to AML blasts. At least adoptive cellular immunotherapy
using CMV-specific T cells did not show a significant difference in re-
lapse risk in a small retrospective analysis by Thompson et al, in which
the 5-year CIR was 25%, vs. 25% in those not receiving cellular im-
munotherapy [27].

Although NK cells are the predominant lymphocyte population to
reconstitute early after HCT, their GVL effect is reported to be limited
by delayed NK cell functional maturation throughout the first year post-
HCT. [28-30] Foley et al. demonstrated a robust expansion in inter-
feron-gamma (IFN-y)-producing NKG2C* NK, in HCT recipients as
early as 2 weeks after detection of CMV viremia. [7] In a more recent
study Pical-Izard et al, reported that rapidly emerging NK cells remain
immature (NKG2A™ CD56%™) for more than 6 months after RIC-HCT,
most probably due to GVHD prophylaxis with cyclosporine A, but the
expansion of “memory-like” NK cell is faster in patients with CMV re-
activation. [31] Therefore, one promising hypotheses to explain the
relapse protection after CMV reactivation would be the upregulation of
more functional “memory NK” post-HCT.

Multiple groups have previously reported that the effect of CMV
reactivation is most significant for reducing relapse in AML patients.
[3,5] Interestingly, GVL effects of NK cells are shown to be more pro-
minent for AML compared to ALL or lymphomas that are intrinsically
resistant to NK recognition [21,22]. In accordance with other studies,
Cichocki and colleagues recently reported that patients with reactivated
CMV had lower leukemia relapse and superior DFS one year after RIC-
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Fig. 2. Impact of CMV reactivation on AML relapse in myeloablative (MAC) and
reduced intensity conditioning (RIC) subgroups. (a) Association between CMV

reactivation and CIR in patients receiving MAC (b) Association between CMV
reactivation and CIR in patients receiving RIC.
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HCT compared with CMV seronegative recipients [30]. Further analysis
of the reconstituting NK cells in these patients demonstrated that CMV
reactivation is associated with both higher frequencies and greater
absolute numbers of CD56%™ CD57* NKG2C* NKs, particularly after
RIC-HCT. [30] Furthermore, expansion of the adaptive NK at 6 months
post-transplant independently trended toward a lower 2-year relapse
risk, suggesting that these cells might play a role in the observed pro-
tective effect of CMV reactivation.

In fact, a number of studies demonstrated various associations be-
tween specific donor KIR haplotypes, genotypes, and combinations
between donor KIR and recipient KIR ligands with AML relapse or
survival after allo-HCT. In particular, donor aKIR haplotype (Bx) has
been shown to be protective against AML relapse compared with donor
KIR A/A haplotype. [17-21] Moreover, KIR2DS1 status of HCT donors
has shown to also be linked with improved transplant outcomes with
reduced AML relapse [22]. Based on this knowledge, we examined
subgroups of patients in our cohort depending on these two KIR-type
groups. Interestingly, the protective effects of CMV reactivation were
more significant when donors had KIR Bx haplotype or activating 2DS1,
suggesting that CMV infection might trigger and enhance a response by
NK expressing aKIRs, leading to exert GVL effects, more so than CMV
infection in less active NK cell populations. While additional ex-
amination of the interaction terms between KIR genotypes and CMV
reactivation in preventing AML relapse showed no clear interaction
between the two variables, further mechanistic studies are warranted to
better define the NK cell response to CMV infection and its impact on
GVL effects.

In summary, we confirmed the previously described association
between CMV and AML relapse in an independent cohort with a rela-
tively large number of RIC-HCT patients. The decreased relapse in-
cidence was offset by increased NRM with no survival benefit in CMV
reactivation. The protective effect of CMV reactivation against AML
relapse seems augmented in donors with activating KIRs; supporting the
hypothesis that NK and KIR-ligand interactions are at least partially
involved in the mechanism of CMV-associated protection from AML
relapse, and justify further correlative/mechanistic studies.
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Fig. 3. Cumulative incidence of relapse by CMV reactivation status based on donor KIR genotypes. (a) Association between CMV reactivation and CIR in patients
receiving HCT from KIR Bx donors versus (b) Relapse outcomes when the donor was KIR A/A positive. (c) Protective effect of CMV reactivation when donor is 2DS1
positive and (d) Association between CIR and CMV reactivation when donor is 2DS1 negative.
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