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Table 3. Univariate Analysis of the Effect of Variables on
the T Cell Response Against hTERT

Patients
With Positive Patients
T Cell Without Positive
Response T Celi Response P

No. of patients 29 43
Age {years)* 67.7 9.7 66.7 = 8.1 NS
Sex (M/F) 21/8 27/16 NS
AFP level (=20/> 20) 13/16 14/29 NS
Diff. degree of HCC (well/

moderate or poor/ ND®) 9/6/14 6/16/21 NS
Tumor multiplicity (multiple/

solitary) 17/12 22/21 NS
Vascular invasion (/) 1/22 8/35 NS
TNM factor
(T1/72-4) 11/18 19/24 NS
(NO/N1) 28/1 43/0 NS
(MO/M1) 29/0 39/4 NS
TNM stage (I/Il-IV) 11/18 19/24 NS
Histology of non-tumor liver

(LC/Chronic hepatitis) 2574 39/4 NS
Liver function (Child A/B/C) 13/14/2 30/11/2 NS
Etiology (HCV/HBV/Others) 22/3/4 37/6/0 NS

Abbreviations: NS; there was no statistical significance; ND, not determined.
*Data are expressed as mean & SD.

we analyzed the relationship between the frequencies of
peptides hTERngg, hTERT345, hTERT]_G'], hTERT461,
hTERT 334, and hTERTgs7-specific T cells detected by
{FN-y ELISPOT assay and the clinical features of pa-
tients. Table 3 shows clinical features of HCC patients
who showed positive and negative T cell responses to
hTERT-derived epitopes.

The dlinical features of both groups were not statistically
different in terms of age, sex, serum AFP levels, differentia-
tion of HCC, tumor multiplicity, vascular invasion, TNM
factors and stages, histology of the non-tumor liver, liver
function, and the type of viral infection (Table 3).

Next, we examined the kinetics of hTERT-specific T
cells in 16 patients who had positive T cell responses and
received curative treatrnents by surgical resection or radio-
frequent ablation, and analyzed the association between
the kinetics and clinical responses. The frequencies of
hTERT-specific T cells detected in ELISPOT assay de-
creased in most of the patients 6 months after curative
treatments (Fig, 8). Only 5 of 16 patients showed positive
T cell responses after treatments. Four patients whose
hTERT-specific T cells were maintained had no recur-
rence of HCC. In contrast, 11 patients whose number of
hTERT-specific T cells decreased showed HCC recur-

rence within 1 year after curative treatments.

Discussion

In the current study, we first attempted to identify
hTERT epitopes restricted by HLA-A24, whichis present
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Fig. 8. Kinetics of hTERT-specific T cell responses before and after
curative treatments. PBMCs were obtained before and 6 months after
treatments and analyzed. Open circles show the patients without tumor
recurrence within 1 year after treatment. Closed circles show the patients
with tumor recumence within 1 year after treatment. Solid and dotted
lines show the patients without and with more than 10 specific spots for
hTERT-derived peptides in ELISPOT assay after treatment, respectively.
hTERT, human telomerase reverse transcriptase; PBMC, peripheral blood
mononuciear cell.

in 60% of Japanese, 20% of whites, and 12% of Afri-
cans,?$% using a combined computer-based and immu-
nological approach. Analysis of amino acid sequences of
hTERT by computer showed a number of potential
HLA-A24—binding peptides, and 2 of the 10 hTERT-
derived peptides (Peptides h'TERT and hTERT3y)
have been identified to contain HLA-A24-restricted
CTL epitopes. Including these two peptides, six h"TERT-
derived peptides (peptides hTERTjggs5, hTERTgs,
hTERT157, hTERT451, hTERT324, and hTERT637) that
showed high affinity for HLA-A*2402 induced produc-
tion of IFN-vy in spleen cells and PBMCs, in hTERT
cDNA-immunized HLA-A*2402/K transgenic mice
and HCC patients, respectively. In addition, T cell lines
simulared with the peptide showed cytotoxicity against hep-
atoma cell lines that express HLA-A*2402 and hTERT.
Taken together with the results of peptide binding, ELIS-
POT, and CTL assay, we concluded peptides hTERT g,
hTERT845, hTERT167, hTERT461, hTERT3Z4: and
KTERT 37 contained HILA-A24 restricted, hTERT-specific
CTL epitopes.

Interestingly, the cytotoxicity of hTERT-specific
CTLs induced with peptides hTERT 085, hTERTg4s,
hTERT)47, and h'TERT 3,4 in HuHG cells, which showed
low levels of K TERT, was weak compared with the cyto-
toxicity in HepG2 cells with high levels of hTERT. The
difference was even more marked in the cyrotoxicity of
CTLs induced with peptide hTERT g, and the CTLs
were not cytotoxic to HuH6. In accordance with our
results, it was reported that the susceptibility of tumor

cells to hTERT-specific CTLs decreased after IFN-y
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treatment because of attenuation of hTERT expression.?8
In addition, all of the patients who had telomerase activity
in the tumor showed hTERT-specific T cell responses in
ELISPOT assay. These results suggest that the strength of
hTERT-specific cytotoxicity against hepatoma cells de-
pends on the expression levels of the protein.

In the analysis of PBMCs in patients with HCC using
hTERT4s tetramer, the frequencies of h'TERT 44 tet-
ramer™ cells in PBMCs were similar to those of other
tumor specific antigen-derived epitopes.? Furthermore,
the existence of dysfunctional \TERT-specific T cells was
accordant with previous reports of other tumor anti-
gens.* Conversely, the frequency of hTERT 4 tetramer™
cells in tumors was quite high, and they produced IFN-v.
IFN-y-producing T cells responding to other peptides
hTERT 1083, hTERTg4s, and hTERT4; were also de-
tected in tumors. These results suggest that h'TERT is an
attractive target for immunotherapy of HCC.

In the second part of the current study, to study the
status of the host immunological response to h'TERT in
HCC patients, we examined the frequency of hTERT-
specific T cells in the peripheral blood by ELISPOT assay
with the six epitopes and analyzed the relationship be-
tween the frequency and the clinical features of the pa-
tents. ELISPOT assay showed that the frequency of
reactive T cells to a single h TERT epitope was 10 to 100
per 3 X 10° PBMCs. In previous reports regarding the
frequency of T cells specific for a single hTERT epitope in
patients with colon or breast cancer, the number was
found tobe 1 to 22 per 2 X 10° PBMCsor 1 to 33 per 2 X
103 PBMCs, respectively.1819 In addition, single hTERT
epitope—specific [EN-y—producing cells were detected in
6.9% to 12.5% of the patients for peptides hTERT ) ggs,
hTERTg4s, hTERT 67, hTERT4, hTERT3y4, and
hTERT¢s7. These rates are quite similar to those in pre-
vious reports.!8® Comparing the current results with
those reports, we believe that hTERT-specific CTL re-
sponses in HCC patients are as strong as those of other
cancer patients and that the newly identified hTERT
epitopes are immunogenic.

From the analysis of hTERT-specific immune re-
sponses in HCC patients, we obrained evidence that clin-
tcal features, including age, sex, serum AFP levels,
differentiation of HCC, tumor multplicity, vascular in-
vasion, TINM factors and stages, histology of the non-
tumor liver, liver function, and the type of viral infection,
were not assoclated with the frequency of K TERT-specific
CTLs in HCC patients (Table 3). These results suggest
that h\TERT-specific CTLs could be generated indepen-
dently of hepatitis viral infection or serum AFP levels,
which suppress the host immune response through inhi-
bition of dendritic cells®-4 or T cell proliferation.®? In
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addition, comparing with AFP- or other tumor antigen—
specific immune responses,?4¢ hTERT-specific immune
responses exist and can be induced in the patients with
HCC even at early stages. These results suggest the advan-
tage of hTERT as a target for immunotherapies because
the induction of tumor-specific immune responses at
early stages of the tumor should be more effective for
tumor growth suppression.

In the analysis of the association between kinetics of
hTERT-specific T cells and clinical responses, recurrent
rate of HCC was higher in the patients without mainte-
nance of hTERT-specific T cells than in those with. This
result suggests that maintenance of hTERT-specific T
cells may be important to protect tumor recurrence after
treatments, although there was no statistically significant
difference between the two groups because of the small
number of patients.

In conclusion, we identified and characterized HLA-
A*2402-restricted T cell epitopes derived from hTERT.
Theidentified epitope-specific T cells can be detected and
induced by stimulating PBMCs with these peptides in
HCC patients. h\TERT-specific CTLs were observed even
in the patients with early stages of HCC and killed hepatoma
cell lines that expressed h\TERT dependent on the expression
level. The frequency of hTERT/tetramer*CD8* T cells in
the tumor tissue of patients with HCC was quite high, and
they were functional. These results suggest that h TERT isan
important target of T-cell-based immunotherapy for HCC
and that the identified epitopes could be valuable both for
therapy and for analyzing the host immune responses.
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Prognoétic Significance of T-Cell or Cytotoxic Molecules
Phenotype in Classical Hodgkin’s Lymphoma:
A Clinicopathologic Study

Naoko Asano, Aya Oshiro, Keitaro Matsuo, Yoshitoyo Kagami, Fumihiro Ishida, Ritsuro Suzuki,
Tomohiro Kinoshita, Yoshie Shimoyama, Jun-Ichi Tamaru, Tadashi Yoshino, Kunio Kitamura,
Hisashi Fukutani, Yasuo Morishima, and Shigeo Nakamura

Purpose
Classical Hodgkin's lymphoma (CHL) is characterized by Hodgkin’s and Reed-Sternberg {H-RS)

cells, most of which are derived from germinal-center B cells. Nevertheless, one or more markers
for T cells and follicular dendritic cells (FDC) may be expressed in a minority of H-RS cells in some
CHL patients, although the clinical significance of this remains controversial. The aim of this study
was to clarify the association between phenotypic expression and clinical outcome in CHL.

Patients and Methods ' A o » ) '
Participants were 324 consecutive CHL patients, comprising 132 patients with nodular sclerosis

(NS), 35 patients with NS grade 2 {NS2), and 157 patients with mixed cellularity {(MC). We
evaluated the presenting features and prognosis of patients on categorization into four phenotyp-
ically defined groups: B-cell {CD20™ and/or CD79a™; n = 63), T-cell and/or cytotoxic molecules
{CD3™, CD4*, CD8™, CD46RO™, TIA-1*, andfor granzyme B n = 27), FDC (CD21* without B-cell
marker; n = 22), and null-cell types (n = 212). Other potential prognostic factors were examined.

Results

The T-cell and/or cytotoxic molecules group showed a significantly poorer prognosis than the other
three groups (P < .0001). This finding was seen consistently in multivariate analyses. Morphologic
subtyping (NS/NS2/MC} and Epstein-Barr virus positivity were not identified as independent
prognostic factors.

Conclusion

The presence of T-cell and/or cytotoxic antigens in H-RS cells may represent a poor pro-
gnostic factor in CHL, even if their expression is not regarded as lineage specific. Examination
of T-cell and/or cytotoxic molecules phenotype in CHL patients is recommended as a routine
pathologic practice.

J Clin Oncol 24:4626-4633. @ 2006 by American Society of Clinical Oncology

complexity, we reported previously nine patients with
CHL with a follicular dendritic cell (FDC) phenotype

The recent availability of a large number of mono-
clonal antibodies for leukocyte surface markers has
provided further evidence for the B-cell origin of
Hodgkin’s and Reed-Sternberg (H-RS) cells in many
but not all patients.* The application of molecular
methods, single H-RS cell analysis,” and comparative
genome expression analysis® has provided addi-
tional definitive evidence that H-RS cells of dassical
Hodgkin’s lymphoma (CHL) are derived from
germinal-center B cells.”” Nevertheless, a small num-
ber of patients with CHL are immunoreactive for T-cell
antigens,”® and rare occurrences of CHL are even de-
rived genotypically from T cells.'®!! Adding to this

without other B-cell or T-cell markers."* These pheno-
typic analyses were interpreted variously to suggest the
distinct cellular origin (B cells, T cells, or FDCs) of
H-RS cells, notwithstanding that the expression of
these cell-associated antigens was found to lack dear
lineage specificity. Of note, the association between the
expression of these markers and clinical outcome in
CHL has been controversial

In this study, we investigated comprehen-
sively 324 patients with CHL to clarify their clin-
icopathologic features and survival, with special
reference to phenotypic properties (four pheno-
types: B cell, T cell and/or cytotoxic molecules

fnformation downloaded from jco.ascopubs.org and provided by AfC€ fCANCbO CbNTb© on March C8, (D07 from

$1.013.193.1QQ
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Significance of T/CM Phenotype in CHL

[T/CM], FDC, and null cell) and positivity for Epstein-Barr virus
(EBV) on H-RS cells.

Patient Samples

A total of 324 consecutive patients with CHL diagnosed between April
1982 and March 2005 at Aichi Cancer Center Hospital (Nagoya, Japan) were
selected from patient records. Approval for the study was provided by the
Institutional Review Board of Aichi Cancer Center.

For the diagnosis of CHL, all patients in this study were negative for
hurman T-cell leukemia virus type 1 antibody in sera. The tumor cells showed
no sinusoidal spread and grew separately from each other in all areas of the
biopsies to exclude Hodgkin’s-like anaplastic large cell lymphoma (ALCL)
under the Revised European-American Lymphoma classification.' Patients
with nodular lymphocyte-predominant Hodgkin’s lymphoma, which is now
termed B-cell neoplasm, also were excluded.

Bach patient case was reviewed independently by two pathologists (N.A. and
S.N.), who used a combination of morphologic review and immunostaining to
assign each patient case to one of the categories of the modified WHO classification
scheme.'* Controversial determinations were reassessed jointly by the two pathol-
ogists until a consensus was reached. Morphologically related entities, such as
Hodgkin’s-like ALCL and peripheral T-cell lyrnphoma with Reed-Sternberg-like
cells, were ruled out by three external lymphoma experts (T. Yoshino, Okayama,
Japan; K. Ohshirna, Kurume, Japan; and Y. Matsuno, Tokyo, Japan), who were
blinded to the phenotype and clinical course of the patients.

Tissue Specimens and Histology

Tissue samples were fixed in 109% formalin and embedded in paraffin,
then sectioned at 5-pim intervals and stained with hematoxylin and eosin.
Imprint smears of surgically rejected specimens were stained with May-
Griinwald-Giemsa stain.

Immunohistochemistry
Formalin-fixed paraffin sections were subjected to irnmunoperoxidase
studies using the avidin-biotin peroxidase complex method. Monoclonal

Table 1. Clinical and Phenotypic Characteristics According to Histology (NS v NS2 v MC)

NS

NS2 MC

Characteristic No. %

No. % No. % P

Sex
Male 76
Female 56
Ratio 1.36

Presence of “B” symptoms

Serum albumin < 4.0 g/dL

Survival, months

Median 271

Range 45-163+

26 121

2.89

268
20-171+

Abbreviations: NS, nodular sclerosis; NS2, nodular sclerosis grade 2; MC, mixed cellularity; PS, performance status; Hb, hemoglobin; LDH, lactate dehydrogenase;

cyCD3, cytoplasmic CD3; EBV, Epstein Barr virus.
*x° test for independence, or Fisher's exact probability test, NS v NS2 v MC.
TNo. positive of No. tested patients.
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antibodies used were CD3, CD8, UCHL-1/CD45RO, 126/CD20, 1F8/CD21,
Ber-H2/CD30, CD79a, and ALK1 (DAKO, Glostrup, Denmark); CD4 (Novo-
castra Laboratories, Newcastle, United Kingdom); LeuM1/CD15 (Becton
Dickinson, Sunnyvale, CA); TIA-1 (Coulter Immunology, Hialeah, FL); and
granzyme B (Monosan, Uden, the Netherlands). All antibodies were first
heated in a microwave, then the antibodies were used. Reaction for the re-
agents was considered positive when more than 5% of the H-RS cells stained,
although in practice rnany of the positive samples showed marking in more
than 10% of cells.

In Situ Hybridization Study

The presence of EBV small RNAs was determined by in situ hybridiza-
tion using EBV-encoded small nuclear early-region oligonucleotides on
formalin-fixed, paraffin-embedded sections as described previously.™®

Statistical Analysis

Differences in characteristics between the two groups were examined by
the ¥ test, Fisher's exact test, Student’s ¢ test, and Mann-Whitney U test as
appropriate. Patient survival data were analyzed by the Kaplan-Meier method.
Differences in survival were tested by the log-rank test. Survival for this study
was evaluated in terms of disease-specific survival (DSS), measured from the
date of diagnosis until the date of death as a result of a lymphoma-related
cause. In DSS analysis, patients were censored at the time of death if this was
from a cause unrelated to lymphoma, and deaths from treatment-related
causes were classified as death from lymphoma. Univariate and multivariate
analyses were performed with Cox proportional hazards vegression models.
Results are expressed as hazard ratios (HRs) and 95% ClIs. All data were
analyzed with the aid of STATA software (version 9.0, STATA Corp, College
Station, TX).

Clinicopathologic Characteristics
Patient characteristics are summarized in Table 1. There were 223

male and 101 female patients with a median age of 48 years (range, 4 to
89). Histopathologically, they included 132 patients with nodular scle-
rosis (NS; median age, 31 years; range, 12 to 84 years, male-to-female
ratio, 1.36), 35 with NS grade 2'¢ (NS2; median age, 50 years; range, 5
to 88 years; male-to-female ratio, 2.89), and 157 with mixed cellularity
(MGC; median age, 57 years; range, 4 to 89 years, male-to-female ratio,
3.36). On comparison, patients with NS showed a significantly
younger age at onset (P = .0001) and a higher ratio of females

(P=.001). Patients with NS2 were associated significantly with several
aggressive clinical parameters, namely advanced dinical stage in 22
patients (63%; P = .023) and anemia (hemoglobin < 10.5 g/dL) in 11
patients (48%; P = .031).

Immunophenotypic Characteristics

Phenotypic features are summarized in Table 1. There were sig-
nificant differences in the results of positivity or negativity of H-RS
cells for TIA-1, CD15, and EBV among NS, NS2, and MC patients. NS
patients showed significantly higher rates for TIA-1 expression than
those with NS2 or MC (P = .045), whereas MC patients showed
significantly lower CD15 positivity (P = .002). Furthermore, EBV was
harbored in 75% of MC patients, which is significantly higher than the
ratios for NS and NS2 (13% and 53%, respectively; P < .0001).

Phenotypic Distribution of CHL

Based on the immunchistochemically recognizable features of
the H-RS cell, the present series of CHL patients were delineated
into four phenotypic groups, as summarized in Table 2. The first
group included 63 patients with the B-cell phenotype with expres-
sion of CD20 or CD79a. The second group included 27 patients
with the T/CM phenotype with expression of CD3, CD4, CDS,
CD45RO0, and/or CMs such as TIA-1 and granzyme B (Fig 1), but
not CD20, CD79a. The third group included 22 patients with the
FDC phenotype with expression of CD21, but not any of the other
B- or T-cell markers. The fourth group included 212 patients with
the null-cell phenotype without expression of the B-cell, T-cell, or
FDC-related markers. In the T/CM group, the expression of CMs:
was found in 20 patients, five of whom lacked the other T-cell
markers. All patients in this T/CM group were also negative for
ALK1 by additional immunohistochemical staining.

Clinicopathologic characteristics of these four immunopheno-
typic groups are summarized in Table 3. On comparison, patients in
the T/CM grouphad a younger onset (median age, 44 years; P = .048),
higher ratio of females (male- to-female ratio, 1.25), andlower ratio of
EBV on H-RS cells (35%; P = .025).

Moreover, the present series of CHL patients could be catego-
rized into two phenotypic groups, CD15 and CD15™, with CD15
expression identified in 202 (63%) of the 319 patients examined.

Table 2. Phenotypic Distribution of Classical Hodgkin's Lymphomna

B-Cell Group

T/CM Group

FOC Group Nufl-Cell Group

Characteristic No. % No.

% No. % No. %

Immunophenotype
CcD3 o] — 4 of 21
CD4 0 — 40f 16
cD8 0 — 20f 16
CD45RO 0 — 6 of 22
TIA1 0 — 120f 26
Granzyme B 0 — 16 of 27
CD20 54 of 63 86 0
CD79a 12 of 20 60 0
CD21 0 — 0

19 0 —_ 0 —
25 0 —_ 0 —
13 0 — 0 —
27 0 — 0 —_
46 0 —_ 0 —_
59 0 — 0 _
— 0 —_ 0 —
— 0 — 0 —
— 220122 100 0 —_—

*No. positive of No. tested patients.

Abbreviations: T/CM, T-cell and/or cytotoxic molecules; FDC, follicular dendritic cell.

4628

JounrNal OF CLINICAL ONCOLOGY

fnformation downloaded from jco.ascopubs.org and provided by AfC€ {CANCbO CbNTh© on March C8, (D07 from
$1.013.193.100
Copyright © 2006 by the American Society of Clinical Oncology. All rights reserved.



Significance of T/CM Phenotype in CHL

Fig 1. Classical Hodgkin's lymphoma {CHL) with T-cell and/or cytotoxic mole-
cule expression. {A) T-cell andfor cytotoxic molecule-positive CHL patient sample
shows fibrous collagen bands dividing the lymph node into nodules and is
categorized as nodular sclerosis {original magnification X40). {B} Reed-Sternberg
cells are present {original magnification X400) and (C) are immunoreactive for
granzyme B {original magnification x400).

Comparison of these patients revealed no clinical ditferences between
them (data not shown). Seven patients showing the CD15™ and
CD30™ phenotype were diagnosed on the basis of the morphology,
and immunophenotype of the absence of B~ or T-cell markers and
positivity of Fascin.

WWW.jCo.01g

EBV Distribution in CHL

EBV was detected in 149 of 314 (47%) patients, with no associa-
tion seen with histopathologic group. The EBV-positive group was
characterized by a higher ratio of males and an older age of onset than
the EBV-negative group. CD20 expression was more frequently de-
tected in the EBV-positive group (P = .025).

Therapeutic Response

A total of 183 patients received combination chemotherapy
consisting of first-line treatment regimens as follows: doxorubicdin,
bleomycin, vinblastine, and dacarbazine (ABVD; 146 patients); cyclo-
phosphamide, vincristine, procarbazine, and prednisone (15 pa-
tients); bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, and prednisone (six patients); and cyclo-
phosphamide, doxorubicin, vincristine, and prednisone (16 patients;
Table 3). Ninety-four patients received radiation therapy, and 88
received both chemotherapy and radiation. In 106 patients with stage
I/1I disease, 78 patients (74%) received ABVD-based chemotherapy
and six underwent radiation therapy only. No significant differences
in treatment types were seen among phenotypic subgroups. In total,
77% patients (134 of 174) with CHL achieved a comiplete response
with the initial therapy. Notably, the T/CM group showed a lower
complete response rate (58%) and a higher no response rate (16%)
than the other three groups.

Survival

DSS curves of the NS, NS2, and MC patients showed no signifi-
cant differences among them. In Figure 2A, however, the DSS curves
of the four phenotypic groups based on immunohistochernical eval-
uation revealed a significant difference (P = .0041). In the 139 patients
who received ABVD-based chemotherapy, the survival rate of the
T/CM-positive CHL patients was significantly poorer than that of the
others (P < .0001; Fig 2B), and five patients showed an aggressive
clinical course within 24 months of diagnosis. Median survival of stage
Tand II patients was 55 and 27 months, respectively. Two patients with
stage I/II disease expressing the T/CM phenotype died within 12
months. Survival of the B-cell group tended to be relatively inferior to
that of the null-cell group, but without statistical significance (datanot
shown). Finally, patients with EBV-positive CHL showed a tendency
to poor prognosis compared with EBV-negative patients, but without
significance by the log-rank test (P = .11).

Prognostic Factors

Univariate analysis identified 13 prognostic factors for the 288
patients of the entire series of CHL patients: phenotype (T/CM type;
P =.001), serum albumin less than 4.0 g/dL (P = .001), performance
status more than 1 (P = .001), and advanced clinical stage (III/IV;

= .021). The International Prognostic Factor Project (IPFP) score
(= 5) also showed prognostic significance (P = .003). Hemoglobin
level less than 10.5 g/dL, age older than 45 years, and lymphocyte
count less than 600/ L showed marginal significance, whereas histo-
logic profile (NS2) was not significant (Table 4).

Multivariate analysis with individual factors showed phenotype
(T/CM type: HR, 3.97; 95% (I, 1.85 to 8.48; P <C.0001) and age older
than 45 years (HR, 2.55; 95% CI, 1.23 to 5.29; P = .012) to be
significant and independent prognostic factors in the 228 CHL pa-
tients. In the 139 patients who received ABVD-based chemotherapy,
T/CM phenotype was a significant and independent prognostic factor.
Moreover, T/CM phenotype also influenced survival significantly in
advanced CHL patients, independent of IPFP score (Table 4). '
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Table 3. Clinical Characteristics According to Phenotype

B-Cell Group
{n = 63)

No. %

Characteristic

T/CM Group
{n = 27)

FDC Group
n =22}

Null-Cell Group
n=212)

No. %

No. % No. % P

ge, years

Median 57
Range 9-89
> 50 38 60

048
48
9-88
88

13-84 16-82

64

.019

Clinical stage II/IV 21 33

55 90

k Bulky mass 5 10

Type of chemotherapy
ABVD 23 66
ABVD/C-MOPP 3 8
C-MOPP 1 3
BEACOPP 0 0
CHOP 6 17
Other 2 6
Chemotherapy only 22 61
Chemotherapy and RT 13 36
RT only ¢} 0
Observation 1 3

15
9 41 9 64 77 58
3 14 5 36 17 13
3 14 0 0 1 8
1 5 0 o 5 4
3 13 0 0 7 5
3 13 0 a 16 12
11 48 ] 56 74 51
11 48 5 31 59 41
0 0 0 ] 6 4
1 4 2 13 5 4

' Survival, months
Median
Range

218
1.2-142+

0041
283
2.0-254+

56.0
7.5-163+

154
4.5-145

CR, complete response; PR, partial response; NR, no response.

tABVD, ABVD/C-MOPP, C-MOPP, BEACOPP, or CHOP.

Abbreviations: T/CM, T-celf and/or cytotoxic molecules; FDC, follicular dendritic cell; PS, performance status; Hb, hemoglobin; LDH, lactate dehydrogenase; ABVD,
doxorubicin, bleomycin, vinblastine, and dacarbazine; C-MOPP, cyclophosphamide, vincristine, procarbazine, and prednisone; BEACOPP, bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; RT, radiation therapy;

*x* test for independence, or Fisher's exact probability test, B v T/CM v FDC v hull.

Our study in 324 consecutive patients with Hodgkin’slymphoma had
three major findings. First, among the four phenotypic subclassifica-
tions (B-cell, T/CM, EDC, and null-cell groups), the T/CM group had
a significantly poorer prognosis in uni- and multivariate analyses. To
our knowledge, this is the first study to report the prognostic signifi-
cance of this factor. Second, among the histopathologic groups (NS,
NS2, and MC) of CHL, no significant differences were found in
clinical features, except age at onset and sex ratio. Finally, EBV posi-
tivity was more prevalent in MC, occurred mostly in older men, and
was not identified as an independent prognostic factor.

T-cell marker and/or CM expression has been demonstrated
immunohistochemically on H-RS cells in approximately 5% to 20%

4630

of CHL patients, although there is little information in the literature
regarding the clinicopathologic significance of their expression. In our
series, T/CM marker expression was detected in 27 (8%) of 324 CHL
patients, and was significantly associated with an adverse prognosis.
Genotypic evidence from several groups has indicated that the
expression of T-cell phenotype on H-RS cells is aberrant.’>'” Consis-
tent findings regarding T-cell marker positivity and its prognostic
significance have been reported.'” In one report, however, the pro-
portion of T-cell marker expression was low.'® Conversely, CM posi-
tivity was reported in 10% to 18% of CHL patients.’®'® Qur relatively
lower percentage (6%) of cytotoxic phenotype in CHL patients might
have been influenced by the excusion of borderline cases, which
posed a problem in differential diagnosis from Hodgkin’s-like ALCL
under the Revised Furopean- American Lymphoma dassification.*?
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Fig 2. Survival data for four subgroups by phenotypic differentiation (B cell, T
cell and/for cytotoxic molecules [T/CMI, nuli cell, follicular dendritic cells [FDC]) in
classical Hodgkin's lymphoma. {A} Disease-specific survival according to four
phenotypic groups. (B} Prognosis of patients with the T/CM phenotype ( )
is significantly poorer than that of those without this phenotype (- — — =) in
classical Hodgkin's lymphoma patients who received chemotherapy with doxo-
rubicin, bleomycin, vinblastine, and dacarbazine.

We reported previously that CM expression has an independent
prognostic impact associated with unfavorable survival in nodal pe-
ripheral T-cell lymphoma, unspecified.”® Moreover, TIA-1 and/or
granzyme B expression on Hodgkin’s-like ALCL was significantly
associated with an adverse prognosis (Asano et al, submitted for pub-
Hication). These data suggest that the expression of CMs may be pre-
dictive of the overall survival of CHL patients. The case of a CHL
patient with evidence of clonal T-cell receptor vy (TCR-) gene rear-

rangement who had considerably shorter disease-specific survival has
been reported.” Studies of TCR-y rearrangement in H-RS cells have
been technically challenging. A clonal TCR-y chain gene was undetec-
ted in any of the patients with successful amplification of DNA by
polymerase chain reaction analysis. This finding indicates that few
patients with the T/CM phenotype have CHL of possible T-cell origin,
although problems may have existed in the sensitivity of TCR-y gene
detection. The biologic significance of T/CM expression in CHL with-
out genetic evidence of T-cell origin remains to be elucidated. These
issues warrant additional investigation.

According to the WHO dlassification, histopathologic grouping
in CHL is made in consideration of background inflammatory cells,
including lymphocytes, plasmacytes, histiocytes, and eosinophils. In
this study, we compared these morphologic groups (NS, NS2, and
MQ) in terms of clinical characteristics and survival, but found no
significant differences among them, except for a younger age at onset
and higher ratio of femalesin NS. As reported previously,™* the present
MC group was characterized by a higher ratio of positivity for EBV
compared with the NS group.

The clinicopathologic significance of EBV as a prognosticator in
CHL patients is still controversial®®2® Several recent studies have
documented a marked survival disadvantage in older EBV-positive
CHL patients compared with EBV-negative patients.2** In our study,
however, no significant survival ditference was seen between EBV-
positive and -negative patients. These results conflict with those re-
ported by others, but the clinical features of our EBV-positive patients
were compatible with those reported previously.2%2*24

The prognostic significance of B-cell or FDC marker in CHL is
also controversial >’ In this study, the expression of B-cell and FDC
markers was detected in 20% and 7% of CHL cases, respectively. The
B-cell group showed a relatively unfavorable clinical course compared
with the null-cell group, whereas that of the FDC group was rela-
tively favorable. These results may be in keeping with a recent
report which identified the FDC marker as an independent favor-
able prognostic factor for overall survival in patients with diffuse
large B-cell lymphoma.?®

Clinical prognostic factors for CHL have been studied by
Hasendlever et al?® They showed that the IPFP score is useful in

Table 4. Cox Proportional Hazards Model HR and 85% C! Estimates for Death As a Result of Lymphoma-Related Causes in Patients With CHL

Univariate

Multivariate Total CHL Group

Multivariate ABVD Therapy
Muitivariate Advanced CHL

Variables 95% Ct P HR

Unfavorable Factors HR

95% Cl P HR 95% Cl P HR 95% Ci P

Age . > 45 years 171 09810296

058 255 1.23t05.29 012

1.72 0.65t04.55 28 —_

EBV Positive 159 090t02.78 .11

Abbreviations: HR, hazard ratio; Cl, confidence interval; CHL, classical Hodgkin's lymphoma; ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; T/CM,
T-cell and/or cytotoxic molecules; EBV, Epstein-Barr virus; NS2, nodular sclerosis grade 2; IPFP, International Prognostic Factor Project.
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determining the prognosis of advanced CHL, and in clinical decision
making for individual patients. In the present study, and consistent
with other findings,” the IPFP score was found to have prognostic
significance in CHL. Moreover, among patients with early-stage (I/11)
CHL, those with an IPFP score of 3/4 showed a poorer prognosis than
those with low-risk score (< 3), although there were no patients with a
high IPFP score (5 or more) in the stage I/IT patients (data not shown).
One notable consideration is that T-cell or cytotoxic phenotype remained
a significant prognostic factor even after adjustment for IPFP score.
Compared with Western CHL reports, the patients in this study
were characterized by a low NS rate, low CD15 positivity, and poor

prognosis.***”*! According to these findings, the patients may
have included far fewer NS cases with a favorable prognosis and
CD15% CD30" phenotype than in these Western studies. However,
the T/CM phenotypic appearance of H-RS cells is present in West-
ern as well as Japanese patients,'®"”"*? possibly indicating that the
T/CM phenotype in CHL carries a poor prognosis in both Western
and Asian patients.

In conclusion, we demonstrated that patients with CHL with the
T/CM phenotype have a significantly poorer prognosis than those
with the other phenotypic groups. Examination of T-cell markers in
CHL patients is recommended as a routine pathologic practice.
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ABSTRACT

Recurrent malignancy remains a significant complication after allogeneic hematopoietic cell transplantation
(HCT). Efforts to decrease relapse have included donor lymphocyte infusion to stimulate donor anti-recipient
T-cell allorecognition of major and minor histocompatibility differences. Recently, alloreactive effects of donor
natural killer cell-mediated inhibitory killer immunoglobulin-like receptor (KIR) recognition of recipient
HILA-C and -B ligands have been described. We examined KIR ligand effects on risk of relapse in 1770 patients
undergoing myeloablative T-replete HCT from HLA-matched or -mismatched unrelated donors for the
treatment of myeloid and lymphoid leukemias. KIR ligands defined by HLA-B and -C genotypes were used to
determine donor-recipient ligand incompatibility or recipient lack of KIR ligand. Among HLA-mismatched
transplantations, recipient homozygosity for HLA-B or -C KIR epitopes predicted lack of KIR ligand and was
associated with a decreased hazard of relapse (hazard ratio, 0.61; 95% confidence interval, .043-0.85; P = .004).
Absence of HLA-C group 2 or HLA-Bw4 KIR ligands was associated with lower hazards of relapse (hazard
ratio, 0.47; 95% confidence interval, 0.28-0.79, P = .004; hazard ratio, 0.56; 95% confidence interval, 0.33-0.97;
P = .04, respectively). The decrease in hazard of relapse in patients with acute myelogenous leukemia was
similar to that in patients with chronic myelogenous leukemia and acute lymphoblastic leukemia (P = .95).
Recipient homozygosity for HLA-B or -C epitopes that define KIR ligands is likely to be a predictive factor for
leukemia relapse after myeloablative HCT from HLA-mismatched unrelated donors. This effect was not
observed in HLA-identical unrelated transplants.

© 2006 American Society for Blood and Marrow Transplantation
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INTRODUCTION

Malignant hematologic disorders can be cured by
hematopoietic cell transplantation (HCT), and the
availability of unrelated volunteer hematopoietic cell
donors has broadened the treatment options for many
patients who otherwise lack related donors {1-3]. Dis-
ease relapse after transplantation remains a significant
challenge [4-6], underscoring the importance of iden-
tfying genetic and nongenetic factors that can affect
relapse rates.

Recognition of recipient HLA ligand by donor
natural killer (NK) cell inhibitory killer immunoglob-
ulin-like receptors (KIRs) has been proposed as the
basis for alloreactivity leading to a decrease in post-
transplantation relapse and improved survival after
HLA-mismatched transplantation for acute myeloge-
nous leukemia (AML) [7,8]. Initial studies predicted
donor NK alloreactivity based on a model of KIR
ligand incompatibility in which donors with HLA
genotypes comprised of class I ligands for inhibitory
KIR are paired with recipients with HLA genotypes
lacking one or more of the class I ligands present in
the donor. Upon wtansfer to a recipient lacking the
cognate class I ligand, donor NK cells expressing the
relevant inhibitory KIR are released from inhibition
and allow NK activation in a graft-versus-host (GVH)
directon. Cytotoxicity against residual host leukemic
cells leads to lower relapse. The KIR ligand incom-
patibility effect in other HLA~-mismatched transplan-
tation populations, however, has not been consistently
observed [9-13].

Because the HLA and KIR gene complexes are
encoded on chromosomes 6p21 and 19ql3, respec-
tively, individuals may have inhibitory KIR for which
they have no HLA ligand, and, conversely, individuals
may have HLA ligands for which they have no KIR.
The independent segregation of HLA and KIR genes
presents the situation wherein donor NK activation
can occur when host target cells lack HLA ligands for
inhibitory KIR-expressing NK cells, regardless of the
HLA genotype of the NK cell itself; in other words, a
recipient who is “missing HLA ligand” can trigger
cytotoxicity of donor NK cells. Population frequency
data demonstrate that, for the inhibitory KIR2DL2/3,
-2DL1, and -3DL1 genes, nearly all individuals have a
complete complement of inhibitory KIR {14-24]. In
contrast, frequencies of the corresponding HLA class
I ligands (HLA-C group 1, -C group 2, or -Bw4),
deviate greatly from 100%. Therefore, recipient ho-
mozygosity for HLA-C group 1, HLA-C group 2, or
HLA-Bw6 and therefore lack of KIR ligand for re-
spective donor inhibitory KIRs can be predicted to
occur not only between HLA-matched recipients and
donors but also between HILA-mismatched pairs.
Even within individuals, the “missing ligand” model
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has been shown to play a role in autoimmune disease,
viral infection, and pre-eclampsia [25-27].

Recent studies have examined the effect of “miss-
ing HLA ligand” in allogeneic HCT. Compared with
donor-recipient KIR ligand incompatibility, lack of
recipient HLA ligand for donor inhibitory KIR was
found to be a better predictor of outcome after HLA-
haploidentical HCT [28]. Another study found that
lack of ligand in the recipient occurred with 63%
frequency in HLA-identical T-cell depleted sibling
HCT and that missing ligand predicted higher overall
survival and lower risk for acute leukemia relapse [29].
Most studies have examined the effect of either KIR
ligand incompatbility or lack of KIR ligand on trans-
plantation outcome in study populadons with limited
size. We report findings from a large dataset of the Inter-
national Histocompatibility Working Group (HWG) in
HCT, a consortium of international transplantation
centers and histocompatibility laboratories (http://
www.ihwg.org). Results from this study group indicate
that lack of KIR ligand in patients receiving HLA-
mismatched transplants may be a predictor for pro-
tection from leukemia relapse.

METHODS
Patient Population

In total, 1770 patents receiving myeloablative
condidoning followed by an unrelated HLA-matched
or -mismatched bone marrow or peripheral blood
stem cell HCT for treatment of AML, myelodysplas-
tic syndrome (MDS), chronic myelogenous leukemia
(CML), and acute lymphoblastic leukemia (ALL) were
evaluated in this study. All had complete donor-recip-
ient HLA-A, -B, -C, DRB1, and DQBI allele typing
data and clinical data (date of transplantation, diagno-
sis and stage of disease at time of transplantation,
patient age at transplantation, survival status, ie, date
of last follow-up or death, and date of relapse). Patient
and transplant characteristics are listed in Table 1.
The wuse of patient information and samples for this
study was approved by the institutional review boards
of each of the 22 participating institutions within the
IHWG HCT-KIR Component.

Transplantation Procedure and Clinical Definitions

All patents received myeloablative conditioning
followed by infusion of T-replete donor stem cells.
Disease stage was defined as low risk (CML in first
chronic phase), intermediate risk (CML in second
chronic phase or accelerated phase CML; AML or
ALL in remission; MDS refractory anemia subtype),
and high risk (blastic CML; AML or ALL in relapse;
MDS refractory anemia with excess blasts and refrac-
tory anemia with excess blasts in transformation). Re-
lapse was defined by morphologic or cytogenetc
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Table . Parient and Donor Characteristics™

Recipient Recipient
with all KIR with KIR
Ligands Ligands
Present Absent
{n = 380) (n = 822)
n % n %
ALL
Remission 54 i4 91 I
Relapse [ 2 29 4
AML
Remission 51 i3 {05 13
Relapse 30 8 59 7
CML
Chronic phase | . 167 44 402 49
Chronic phase 2 14 4 25 3
Accelerated phase 41 il 76 9
Blast crisis 9 2 16 2
MDS
RA ! <l 8 {
RAEB 2 <l 5 <l
RAEBT 5 ! 3 <1
Disease severity
Low 167 44 402 49
Intermediate 161 42 305 37
High 52 14 115 14
Patient/donor gender
M/M 139 37 289 35
M/F 89 23 146 i8
FM 85 22 198 24
FIF 62 16 174 21
Unknown 5 I I5 2
Patient/donor ethnicity
Caucasian 328 86 716 87
Asian 4 I 10 I
Other 23 6 34 4
Unknown 25 7 62 8
Patient/donor CMYV status
Positive/positive 70 i8 171 21
Positive/negative 97 26 214 26
Negative/positive 63 Ié 114 14
Negative/negative 131 34 280 34
Unknown 19 5 42 5
Median patient age 34.5 35.0
Number of HLA mismatches
0 172 45 408 50
i 118 31 237 29
2 53 14 107 13
3 22 [3 39 5
4 [ 2 22 3
>4 9 2 9 H

*Non-JMDP patients and donors. ALL indicates acute lymphoblas-
dc leukemia; AML, acute myelogenous leukemia; CML chronic
myelogenous leukemia; MDS myelodysplasdc syndrome; RA,
refractory anemia; RAEB, refractory ancmia with excess blasts;
RAEBT, refractory anemia with excess blasts in wransformation;
M, male; F, female; CMV, cytomegalovirus.

evidence of disease in the peripheral blood or bone
marrow. Overall survival was calculated for the inter-
val between date of transplantation and death or date
of last follow-up. For survival analyses, reinduction of
remission was not considered.

K. C. Hsu et al.

KIR Ligand Assignment

High-resolution typing of recipient HLA-B and
HLA-C alleles was used to segregate patients into the
following KIR ligand groups: HLA-C group 1 alleles
(Ser77 and Asn80) recognized by KIR2DL2 and
2DL3; HLA-C group 2 alleles (Asn77 and Lys80)
recognized by KIR2ZDL1; HLA-Bw4-positive alleles
(Arg79, 11e80, Arg83 or Arg79, Thr80, Arg83) recog-
nized by KIR3DLI; and Bw6-positive alleles (Arg79,
Asng0, Gly83), which are not known ligands for any
inhibitory KIR. Patients were grouped according to
homozygosity for HLA-C group 1, HLA-C group 2,
or HLA-Bw6. Under the assumption that an individ-
ual has a full complement of inhibitory KIRs, patient
homozygosity for HLA-C group 2 indicates lack of
ligand for donor inhibitory KIRZDL2 or 2DL3; pa-
tient homozygosity for HLA-C group 1 implies lack
of ligand for donor inhibitory KIR2DL1; and patient
homozygosity for HLA-Bw6 implies lack of ligand for
donor inhibitory KIR3DL1.

Statistical Analysis

Cox regression models were fit to examine the
associaton of homozygosity for HLA-C group 1,
HLA-C group 2, or HLA-Bw6 with hazards of mor-
tality and relapse. All models were adjusted for sever-
ity of disease (categorized as low, intermediate, and
high), patient age at transplantation, cytomegalovirus
serostatus, number of mismatched HLA alleles where
appropriate (modeled as a continuous linear variable
capable of taking on a value from 0 to 10), and trans-
plantation center where appropriate (categorized as a
center contributing to the Japanese Marrow Donor
Program [JMDP] vs a center not contributing to
JMDP). All reported 2-sided P values were estimated
from the Wald test, and no adjustments were made for
muldple comparisons. Therefore, P values between .01
and .05 should be considered as suggestive rather than
conclusive evidence of a difference.

RESULTS
Effect of Donor-Recipient Ethnicity

In total, 1350 patents (76%) were homozygous
for KIR epitopes HLA-C group 1, group 2, or
HLA-Bw6 and therefore could be considered to be
lacking =1 ligand for donor inhibitory KIR. Of these
patients, 264 (20%) relapsed. Among the 420 patients
who were heterozygous for the HLLA-C KIR epitopes
and HLA-Bw4-positive, and therefore not lacking
KIR ligand, 93 relapsed (22%). The adjusted hazard of
relapse among patients lacking a ligand was not sta-
tistically significantly different from that among pa-
tients in whom all ligands were present (hazard ratio
[HR], 0.89; 95% confidence interval [CI], 0.70-1.14;
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Table 2. Distribution of KIR Epitope Homozygosity by Transplantation Center

HLA Genotype KIR Ligand Absence

HLA-C group |, HLA-C group 2,
and HLA-Bw4 None

HLA-C group 2 and HLA-Bw4 HLA-C group |
HLA-C group | and HLA-Bw4 HLA-C group 2
HLA-Bwé HLA-Bw4

HLA-C group 2 and HLA-Bwé
HLA-C group | and HLA-Bwé

HLA-C group | and HLA-Bw4
HLA-C group 2 and HLA-Bw4

Non-JMDP JMDP

n (%) Relapse (%) n (%) Relapse (%)
380 (32) 89/380 (23) 40 (7) 4/40 (10)
140 (12) 34/140 (24) 2 (<) 0/2 (0)
203 (17) 42/203 (21) 319 (56) 63/319 (20)
167 (14) 347167 (20) 33 (6) 5133 (15)

16 (1) 3/16 (19) I (<h) 0/1 (0)
296 (25) 53/296 (18) 173 (30) 30/173 (17)

P = 37). Because analysis of KIR epitopes is based on
HLA genotypes and frequencies of FILA alleles can
vary dramatically between ethnically different popula-
tions, we examined the dependence of the KIR ligand
effect on ethnicity, where ethnicity was modeled based
on transplantation center. The distribution of KIR
epitope homozygosity and the percentage of patients
who relapsed in each of the categories differed be-
tween transplant pairs contributed by the JMDP and
other centers and registries (non-JMDP; Table 2).
These disparities in KIR epitope distribution could
largely be attributed to the high prevalence of HLA-C
group 1 allele homozygosity in the Japanese popula-
tion, leading to an over-representation of patients who
lacked HLA-C group 2 ligand for donor KIR2ZDL1.
The small number of JMDP patients who were not
homozygous for HLA-C group 1 precluded an infor-
mative analysis of the effect of a missing KIR ligand in
this group, and therefore all subsequent analyses of
KIR ligand effects were restricted to the non-JMDP
population.

Effects of Degree of HLA Mismatch and KIR
Ligand Homozygosity in Non-JMDP Transplants

The adjusted hazard of relapse among patients
missing a KIR ligand was not statistically significantly
different from that among patients not missing a KIR
ligand among patients in the non-JMDP group (HR,
0.84; 95% CI, 0.65-1.09; P = .19). However, there
was evidence to suggest that the effect of a missing
ligand differed among patients matched for all 10
HLA-A, -B, -C, DRB1, and DQB1 alleles compared
with those mismatched for =1 allele (P = .009). In
particular, the adjusted hazard of relapse was slightly
higher in the matched group among patients missing
a KIR ligand than among those who were not (89 of
409 [22%)] relapses among patients missing a ligand vs
31 of 172 [18%] relapses among patients not missing
a ligand; Figure 1A; HR, 1.26; 95% CI, 0.83-1.90,
P = 27). In contrast, among patients mismatched for
=1 HLA-A, -B, -C, DRB1, or DQB1 allele, the ad-
justed hazard of relapse was statistically significantly
lower among those missing a ligand than among those
not missing a ligand (77 of 415 [19%] relapses among
patients missing a ligand vs 58 of 208 [28%] relapses

among patients not missing a ligand; Figure 1B; HR,
0.61; 95% CI, 0.43-0.85; P = .004). Although the
decrease in the hazard of relapse was greatest among
HLA-C group 1 homozygous patients, other groups
also experienced less relapse than the group not miss-
ing a ligand (Table 3), and the difference between
patients homozygous for HLA-C group 1 and patients
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Figure L. Probability of relapse in HLA-matched (A) or HLA-
mismatched (B) padents lacking KIR ligand (broken line) or not
lacking KIR ligand (solid line). Lack of recipient KIR ligand was
defined as HLA-C group 1, group 2, or Bw6 homozygosity.
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Table 3. Effect of Missing KIR Ligand on Relapse in
HILA-Mismarched Patients

KIR Ligand Absence HR 95% Cl P
None (n = 208) I — —
HLA-C group | (n = 70) 0.85 0.49-1.48 56
HLA-C group 2 (n = 122) 0.47 0.28-0.79 .004
HLA-Bw4 (n = 90) 0.56 0.33-0.97 .04
HLA-Bw4 and HLA-C group |

n=13) 0.89 0.28-2.86 .85
HLA-Bw4 and HLA-C group 2
{(n=119) 0.64 0.39~1.06 .08

in the other missing ligand groups was not statistically
significant (P = .33).

Although lack of ligand was associated with a sta-
tistically significantly lower hazard of relapse among
patients who received transplants from an HLA-
mismatched donor, there was no effect seen on over-
all survival (HR, 0.91; 95% CI, 0.73-1.12; P = .36).
In the HLA-matched group, there was no effect of
lack of KIR ligand on relapse or survival even when
analyzed within specific epitope groups (data not
shown).

Effect of Missing KIR Ligand within Disease
Groups of the Non-JMDP Dataset

Recent studies have demonstrated a missing KIR
ligand effect in AML, but not in CML or ALL in
T-cell-depleted HLLA-matched transplants |29]. We
therefore compared the effect of missing KIR ligand
on relapse in patients between these disease groups.
Among HLA-mismatched transplants in the present
study, the effect of missing a KIR ligand on relapse
was similar among patients with AML (Figure 24;
HR, 0.62; 95% CI, 0.34-1.10; P = .10) and those with
CML (HR, 0.66; 95% CI, 0.39-1.12; P = .12) and
ALL (HR, 0.66; 95% CI, 0.39-1.02; P = .06;
Figure 2B; combined HR, 0.59; 95% CI, 0.38-0.91;
P = .02). A formal test of interaction between disease
(AML vs CML or ALL) and missing ligand yielded
P = 95.

Contribution of Specificity and Degree of HLA
Mismatch to Missing KIR Ligand Effect
in Non-JMDP Transplants

Among the 622 donor-recipient pairs mismatched
for =1 HLA-A, -B, -C, DRB1, or DQBI1 allele, 355
(57.1%) were single-allele mismatched, 160 (25.7%)
were 2-allele mismatched, and 107 (17.2%) were mis-
matched for =3 alleles. There was no evidence that
the effect of missing ligand was dependent on the
number of mismatched alleles (P = .26, test for inter-
action between number of mismatches and presence
of missing ligand). The effect of missing ligand on the
hazard of relapse was also similar across the various
degrees of HLA allele mismatching. When the study
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was restricted to single-allele mismatches only, a sim-~
ilar conclusion was obtained (data not shown).

Comparison of Missing KIR Ligand and KIR Ligand
Incompatibility in Non-JMDP Transplants

In 428 HLA-B and/or HLA-C mismatched pairs,
the KIR ligand incompatibility model and the missing
KIR ligand model could be compared directly. There
was no statistically significant difference in relapse
between the 189 patients who could be characterized
by KIR ligand incompatibility in the GVH direction
and the 239 KIR ligand compatible patients (HR,
1.16; 95% CI, 0.76-1.78; P = .48). In the same group
of HLA-B and/or -C mismatched patients, the 276
patients who were missing a KIR ligand had a lower
hazard of relapse compared with the 152 patents who
were not missing a ligand, although it did not reach
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Figure 2. Probability of relapse in leukemia padents lacking (bro-
ken line) or not lacking (solid line) KIR ligand. A. Effect of missing
ligand in AML. B. Effect of missing ligand in CML and ALL. The
relative difference in the probability of relapse between the missing
and non-missing groups was comparable in the AML and non-AML,
groups, even though the absolute difference in probabilides was
larger in the AMI, group due to a higher overall probability of

relapse.
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statistical significance (HR, 0.70; 95% CI, 0.46-1.06;
P = 09). KIR ligand incompatible donor-recipient
pairs who also lacked KIR ligands demonstrated a
decreased hazard for relapse compared with KIR
ligand incompatible pairs who did not lack ligands
(HR, 0.59; 95% CI, 0.33-1.05; P = 07). Neither KIR
ligand incompatibility nor missing ligand conferred a
survival benefit (data not shown).

DISCUSSION

Clinical experience demonstrates that the stage of
disease at the time of allogeneic transplantation is a
strong predictor of disease recurrence [4-6]. The
availability of other measurements for predicting the
risk of post-transplantation relapse could enable trans-
plantation clinicians to tailor the transplantation pro-
cedure to individual patient risk and more effectively
plan post-transplantation preventive measures and
monitoring strategies. By using recipient homozygos-
ity for HLA-C group 1, group 2, and Bw6 as markers
for KIR ligand absence, we found a beneficial effect of
missing recipient ligand on the risk of post-transplan-
tation leukemia relapse in patients receiving HLA-
mismatched unrelated donor transplants.

Although the beneficial effect of KIR ligand ab-
sence was seen in recipients of HLLA-mismatched al-
lografts, there was no apparent association between
the locus specificity of HLA mismatch and the effect
of lack of KIR ligand in the recipient. This was some-
what surprising, because it might be expected that
specific mismatches at the HLA-B and HLA-C loci
would potentiate KIR-driven effects through a cell-
surface cis-mediated KIR-HLA mechanism [30] or
through lack of engagement of licensed KIR [31,32].
Larger sample sizes may be needed to elucidate the
HLA locus mismatches most relevant to KIR-medi-
ated alloreactvity. A previous report found that recip-
ients expressing an HLA-C group 1 allele had a higher
overall survival compared with recipients homozygous
for HLA-C group 2 in HLA-identical sibling HCT
for various myeloid malignancies, but the survival ad-
vantage could not specifically be demonstrated to be
due to lower relapse [33]. A more recent study of 111
patients who received an unrelated allograft for the
treatment of various hematologic malignancies also
demonstrated a deleterious effect of HLA-C group 2
homozygosity on survival [34]. The present IHWG
dataset provides a large number of patients with com-
plete 5-locus HLA allele typing information with
which to analyze ligand effects in the matched and
mismatched settings. In this dataset, we demonstrate
that recipient homozygosity for HLA-C group 1 and
HILA-Bw6 each confers a statistically significant de-
creased risk for relapse and that homozygosity for
HLA-C group 2 does not have a deleterious effect on
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outcome. The magnitude of the protective effect on
relapse appears largest in the group homozygous for
HLA-C group 1 (and therefore lacking the HLA-C
group 2 ligand). Differences in binding affity be-
tween the inhibitory KIRs and their HLA ligands are
known, with KIR2DL1 exhibiting the strongest affin-
ity for its ligand HLA-C group 2 when compared with
the other inhibitory receptors and their ligands
[35,36]. It is therefore possible that absence of HLA-C
group 2 ligand for its high-affinity inhibitory KIR
leads to the most robust release from NK inhibition
and therefore the highest potential for NK activation.

NK effects against AML have previously been
demonstrated; however, effects against CML and
ALL have been less clear [7-9,29,33]. In this analysis,
there was a nearly identical association between lack of
KIR ligand and relapse seen among patients with
AML relative to patients with CML or ALL, even
after adjusting for severity of disease. Although the
total patient material demonstrated a statistically sig-
nificant effect on relapse, segregation into disease cat-
egories resulted in patient numbers insufficient to
reach stadstical significance. Definitive conclusions
regarding the effect of KIR ligands in disease-specific
groups will require even larger numbers of patients in
future studies.

"This study identified a beneficial effect of recipient
KIR epitope homozygosity in lowering risk of relapse,
but a corresponding effect on survival was not ob-
served. This may be due to the increased morbidity
and mortality associated with mismatched unrelated
HCT in which GVH disease is more prevalent. In
addidon, the missing ligand effect was seen in HLA-
mismatched transplants and not in HLA-matched
transplants. The favorable effect of lack of KIR ligand
previously reported in HL A-identical transplants was
apparent in the setting of ex vivo allograft T-cell
depletion {29], a manipulation that may enhance NK
function [8]. A recent study examining KIR reconsti-
tution after unrelated donor HCT demonstrated a
correlation between the presence of donor T cells in
the allograft and lower NK KIR expression, which was
associated with inferior survival [37]. Although our
study population was restricted to T-cell-replete
transplants, insufficient data existed to adjust the anal-
ysis for the degree of post-transplantation immuno-
suppression, the increased use of which in HLA-mis-
matched transplants may promote NK alloreactivity
through T-cell suppression. An alternative explana-
tion for the missing KIR ligand effect in HLA-dispar-
ate HCT is the possibility that donor-derived cyto-
toxic T-cell clones expressing inhibitory KIR are
contributing to the observed antileukemic effect, and
their expansion may be amplified in the HLA-dispar-
ate setting {13,38,39]. In minimally T-cell-depleted
HILA-nonidentical transplants, T-cell alloreactivity
dominates NK reactivity [13]. In this analysis, rates of
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GVIH disease were comparable between the HLA-
matched and -mismatched groups (73% vs 75% for
grades 2-4 and 35% vs 37% for grades 3-4). Even if
the T- or NK-lymphocyte subsets contributed to the
lower relapse rates observed in this study, the antile-
ukemic effect appears to be related specifically to lack
of recognition of KIR ligands and not to T-cell al-
lorecognition of mismatched non-KIR epitope HILA
alleles. It is therefore unlikely that T-cell allorecogni-
don and GVH disease are responsible for the missing
KIR ligand effect on relapse seen in the HLA-mis-
matched group.

This analysis supports the use of recipient HLA
genotyping for the prediction of inhibitory KIR-~
mediated NK effects, with lack of KIR ligand being
statistically associated with lower rates of relapse,
whereas KIR ligand incompatibility is not. Therefore,
the analysis does not support the deliberate selection
of HLA-C or -B mismatched donors to capture KIR
ligand incompatibility effects. The importance of con-
sidering the known ethnic differences in HLA class 1
and KIR gene and allele frequencies was demonstrated
in this study. Due to these differences, the effect of
missing KIR ligand could be tested only in the non-
JMDP population, because the available JMDP data
resulted in some ligand groups too small for meaning-
ful comparisons. A larger JMDP dataset with suffi-
cient numbers of study group members is currently
being analyzed (Y. Morishima, personal communica-
don). Correlation of donor KIR genotyping with
HCT outcome will certainly be necessary to achieve a
more comprehensive understanding of NK effects in
HCT. The activating KIRs, whose ligands remain
unclear, also likely contribute to transplantation out-
come: donor activating KIRs have been associated
with decreased relapse |40} and decreased cytomega-
lovirus activation [41]. Until more information is
known about the clinical significance of donor KIR
receptor allele diversity and the role of activating
KIRs and their ligands, recipient KIR epitope ho-
MOZygosity may serve as an important prognostic tool
in aiding the selection of preventive and treatment
options for patients with leukemia.
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