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Serum nm23-H1 protein as a prognostic factor in aggressive

non-Hodgkin lymphoma
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Advances in chemotherapy have led to a
favorable long-term prognosis in approxi-

mately 50% of patients with aggressive
non-Hodgkin lymphoma (NHL). However,
the remaining patients do not enjoy such

prolonged survival after standard treat-
ment. New prognostic factors are needed
to define this poor-prognosis group and

to plan an appropriate treatment strategy.
It has been reported that serum nm23-H1
protein may be a new prognostic factor
for aggressive NHL. In the present study
involving multiple institutions and a large

number of patients, the level of nm23-H1

protein was compared among different
types of lymphoma; it was lowest for
indolent lymphoma, followed by aggres-
sive lymphoma and then highly aggres-
sive lymphoma. In addition, patients with
aggressive NHL and higher nm23-H1 lev-
els had worse overall and progression-
free survival rates than those with lower
nm23-H1 levels. The nm23-H1 level was
also compared between patients with dif-
fuse large B-cell lymphoma and patients
with peripheral T-cell lymphoma. The re-
sults suggest that the level of nm23-H1
could serve as a prognostic factor in both

groups. Moreover, the prognosis of lym-
phoma patients could be ascertained even
more precisely by combining soluble in-

terleukin-2 receptor or soluble CD44 and
nm23-H1 levels. A multivariate analysis
confirmed that the nm23-H1 level is an
independent and important prognostic
factor in aggressive NHL. Therefore, it
may provide useful information for clini-

cians to determine the appropriate therapy
for each type of lymphoma. (Blood. 2001;
97:1202-1210)
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Introduction

Combination chemotherapy has improved the outcome of patientsThe nm23 proteins are involved in tumor metastasis regula
with aggressive non-Hodgkin lymphoma (NHEJ.The treatment and have nucleoside diphosphate kinase enzyme acfivitysix
strategy for aggressive NHL is based on the 5 independasbtypes of the human nm23 gene (nm23-H1, nm23-H2, DR-nm§3,
prognostic factors of the International Prognostic Index (IPIhym23-H4, nm23-H5, and nm23-H6) have been identified.lmmu&o-
namely age, performance status (PS), number of extranodal lesidristochemical studies have reported that patients with high-grade
Ann Arbor stage, and serum lactate dehydrogenase (LDH) fdtzel. NHL and Hodgkin lymphoma exhibited significantly higher Ieve%
is important to analyze the prognostic factors for NHL at the timef nm23-H1 expression than did those with low-grade Nllle.g
of the initial medical examination and to apply the above classificiecently, we established an enzyme-linked immunosorbent assay
tion to the treatment plan. The standard thef®&pin which the (ELISA) technique to determine the serum level of nm23-Hi
CHOP (cyclophosphamide, doxorubicin, vincristine, prednisongyotein. We previously reported that the levels of nm23-H1 Eﬁ
regimen plays a central role, is used in patients with an index of 0aggressive NHL were significantly higher than those in contr@s
1 (low-risk [L] group) or 2 (low-intermediate [L-I] risk group). and that the prognosis for patients with nm23-H1 levels of 80
However, high-intermediate (H-1) and high-risk (H) patients do natg/mL and above was po#tTherefore, measurement of nm23-H§
respond well to the CHOP therapy, and thus more potent treatmepttstein might be useful for selecting the treatment method. In gje
have been used on an experimental basis. present study, a more detailed analysis with a large numbegof
In addition, various biologic prognostic factors have beepatients at multiple institutions, we examined the nm23-H1 levelgn
studied recently, including serum cytokines such as soluble interleach histopathologic type of NHL and confirmed that the nm23-81
kin-2 receptor (sIL-2R}, IL-6,° 1L-10,1° intercellular adhesion level could be used as an independent prognostic factor in patignts
molecule-11! and soluble CD4%; and the p53 gene mutatiéh, with diffuse large B-cell lymphoma (DLBCL) and peripheral T-celf
bcl-2 proteini4 and the bcl-6 gene alteratidh.By examining lymphoma (PTCL). In addition, the present study was conducfed
information derived from lymphoma biology and novel prognostion 4 individual IPI groups. The prognostic significance of this
factors, or by combining various prognostic factors and investiggirotein was enhanced when examined in combination with sIL-2R
ing additional prognostic information, which should be added to tter SCD44. The present results suggest that nm23-H1 measurement
existing basic system, we can anticipate the establishment of treatnrealy be useful for planning a treatment strategy in combination
strategies based on each NHL prognosis-predicting factor. with IPI and histopathologic analysis.
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progression at the time of analysis were censored at the most recent date of

Patients. materials. and methods disease assessment or at the stop date if the most recent date was later. OS
’ ’ was measured from the date of randomization to the date of death,
Patients regardless of cause. Patients who had not died at the time of analysis were

censored at the most recent date when they were known to be alive or at the

We measured nm23-H1 levels in a consecutive series of 606 untreag%ip date if the most recent date was later. Survival analysis was performed

patients whose clinical course was being managed by the Adult Lymphor&'@cording to the Kaplan-Meier meth&The statistical significance of
Treatment Study Group in Japan from 1988 to 1999. (None of the patients

Toho University School of Medicine included in the previously publishe@\'/. erences 1n surwyal was determined by the log-rank and generalized
) ; . - ilcoxon test$® Differences between groups were evaluated by the

study inBlood'® were included in the present study.) Of these 606 patlentﬁ/1 Whit U-test i | dP < 05 taken t

548 had NHL, including 108 with the indolent type and 440 with aggressiv,ea_nn' : n.ey. -tes (T‘?”parame ricanalys S = -Jowasftakento

lymphoma according to the revised European-American classification |8]d|cate statls.tlcal S|gn|f|cance: Multivariate analy5|s.of the prognosis was

lymphoid neoplasms (REAL) scherdindolent lymphoma was of the performed using Cox's proportional-hazards regression niddél calcu-

B-cell lineage in all patients, including 76 with low-grade B-cell lymphomd?ations were performed with SAS software (version 6.10; SAS Institute,

(LGBL), 12 with marginal-zone B-cell lymphoma (MZBL), and 20 with a1y, NC).

mantle cell ymphoma (MCL). Aggressive lymphoma was of B-cell lineage

in 364 patients and of T-cell lineage in 76. The aggressive B-cell ymphoma

was follicular large cell lymphoma (FLCL) in 32, DLBCL in 314,

lymphoblastic lymphoma (LBL) in 7, and small non—cleaved cell lymResults

phoma (SNCL) in 11. The aggressive T-cell type was PTCL in 63 patients,

angioimmunoblastic lymphoma (AIL) in 8, anaplastic large cell ymphom&ffect of freezing on nm23-H1 protein levels of serum samples

(T- and null-cell types) in 1, and nasal and nasal-type NK/T-cell ymphoma ) ) )

(NK/T) in 4. In addition, 40 patients had Hodgkin disease and 18 others ha@ie effect of freeze-thawing was studied in 20 serum sampigs.

adult T-cell leukemia/lymphoma (ATLL). The median age was 66 yeai8efore freezing, serum nm23-H1 protein levels of the 20 treafed

(range, 18-80 years). _ ~ samples ranged from 0 to 112 ng/mL (median, 32.1 ng/mEg),
Clinical staging was performed according to the Ann Arbor classificgyhereas after freezing and thawing, the range was from 0 to £10

tion systen?! Evaluation included a complete history and physicah /mL (median, 31.9 ng/mL). Hence, freezing and thawing of tEe
examination: chest roentgenography; bone marrow aspiration and biopsy; ' ' 5

computed tomography of the chest, abdomen, and pelvis; hemogram & &um samples did not have any marked effect on serum nm23sH1

differential counts; and routine biochemistry tests. Laparotomy was nBfotein levels.

performed for staging. IP1 was determined in all NHL ca&Pstients with - . . . .
. . - ) . xamination of nm23-H1 protein levels in each histologic type

aggressive NHL and disseminated disease were treated with cyclophospha- d health |

mide, vincristine, prednisolone, bleomycin, doxorubicin, and procarbazifte NHL and healthy controls

(COP-BLAM)?% cyclophosphamide, doxorubicin, methotrexate, bleom ) P
cin, vincristine, etoposide, ifosfamide, and prednisolone (CAMBO-’(}BIP)Y-I-he serum level of nm23-H1 (mean SD) was significantly

or another anthracycline-containing combination chemotherapy regim@rl?vated in patients  with mgllgnaqt lymphoma <606,
Indolent lymphoma was usually treated with a single agent or cyclophospia-61+ 53.35 ng/mL) compared with that in healthy controls<(d5,
mide, vincristine, and prednisone (COP). In addition to the chemothera@/89+ 4.06 ng/mL;P = .00001). The serum levels of nm23-H1 i
386 patients received megavoltage radiotherapy. Patients were followedHipdgkin disease (i 40, 24.23+ 23.13 ng/mLP = .00001); indolent
at intervals of a few months. Reevaluation included physical examinfH| (n = 108, 23.40+ 42.82 ng/mL,P = .00001); aggressive NHL
tion; hemogram and differential counts; biochemistry tests; and COMh = 440, 38.33+ 52.47 ng/mL,P = .00001); and ATLL (n= 18,

puted tomography of the chest, abdomen, and pelvis. The medi + _ - . °
follow-up time was 63 months (range, 5-121 months), and the fingla'sz_ 50.36 ng/mLP = .00027) were significantly higher than thosg

. . o
follow-up examination was performed in April 2000. Serum sampleldl Nealthycontrols. Next, we examined B-cell lymphoma (Figuig

papeojumoq
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were obtained from 45 healthy volunteers with a mean age of 57 yeard). We compared the nm23-H1 levels (mean SD) in the %
(range, 18-84 years) for comparison. An approval was obtained from tf@llowing types with the control levels: LGBL (& 76, 19.6= 24.2 >
institutional review board at the Toho University School of Medicine fong/mL,P = .00001); MZBL (n= 12, 9.1+ 8.1 ng/mL, not signifi- £
these studies. Informed consent was provided according to the Declagant [NS]); MCL (n= 20, 40.0+ 85.2 ng/mL, NS); FLCL (n= 32, i
tion of Helsinki. 26.9+ 29.9 ng/mL,P = .00024); DLBCL (n= 314, 35.2+ 46.1 §
ng/mL,P = .00001); LBL (n= 7, 43.0+ 37.9 ng/mLP = .00839);
ELISA for human nm23-H1 and SNCL (n= 11, 71.62+ 75.59 ng/mL,P = .00018). Among

We previously established an ELISA procedure to determine nm23-Hhe various histologic types, the level of nm23-H1 in SNCL was
protein levels in the seruf?:?* The measurements were made at theignificantly higher than the levels in LGBP(= .028) and MZBL
Department of Immunology, SRL, Tokyo, Japan. Soluble IL-2R wagp = .02). There were no significant differences among other
measured by sandwich ELISA as described in the literét@auble CD44 histologic types, but the level of nm23-H1 was highest in SNCL,
was measured py sandwich ELISA using the sCD44std ELISA kit (Bend%llowed by DLBCL, FLCL, LGBL, MZBL, and MCL. Hence, the
Medsystems, Vienna, Austria). level of nm23-H1 was lowest for indolent lymphoma, followed by
aggressive lymphoma and highly aggressive lymphoma. For T-cell
lymphoma (Figure 1B), we compared nm23-H1 levels in the

The patients’ characteristics were compared usidgtests. Complete following types to control levels: AIL (= 8, 12.6=+ 7.7 ng/mL,

remission (CR) was defined as an absence of detectable disease on clinggal, .03323); PTCL (= 63, 59.35= 79.17 ng/mL,P = .00001);

radiologic criteria. Judgment criteria used for the analysis were progressi(NnK/T (n=4, 375+ 411 ng/mL, NS); and ATLL (n- 18

free survival (PFS) and overall survival (OS). Progression was defined a: _
progression of the lymphoma in nonresponding patients or partial-respoés@'gli 50.36 ng/mL, P =.00038). Although there were no

patients, a relapse for complete-response patients, or death from any cﬁ'ﬁ@iﬁca.m differences in the level of nm2.3-Hl among th'e different
without progression. PFS was calculated as the duration from randomi¥éstologic types of T-cell lymphoma, it was higher in PTCL
tion to the date of the first progression. Patients who did not experienaad ATLL.

Statistical analysis
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respond (92.34- 98.56 ng/mL,P = .0001), suggesting a close
2001 B-cell ymphoma . .
relation between the serum level of nm23-H1 and therapeutic
response. We also examined the 314 DLBCL patients and found
that the percentage of patients with higher nm23-H1 was greater
(P < .01 for all comparisons, Mann-Whitney U-test or Kruskal-
o Wallis test) among those aged 60 or above and those with PS 2 to 4,
100+ - elevated serum LDH level, more advanced Ann Arbor stage, and 2
or more extranodal sites. Moreover, nm23-H1 was significantly
o, higher in non-CR than in CR patient® & .001). A previous
study*® involving 149 patients with aggressive NHL did not
i é indicate significant correlations between the level of nm23-H1 and
: 1 T T T T y T age, serum LDH level, or B symptoms, but such correlations were
Control LGBL MZBL MCL FLCL DLBCL LBL SNCL . .
(=8 (=78) (=12 0=20  (1=3)  (=314) (=7 fn=TD) found in the present analysis.

Concentration of nm23-H1 (ng/mL} I>

o

200+ T-cell lymphoma Correlation of nm23-H1 with survival and PFS

* Kk
In this multiple-institution study, we examined the survival of 440
patients with aggressive NHL and found that the 5-year survigal
rates for the high nm23-H1 grougz(12.01 ng/mL, n= 268) and ?7
low nm23-H1 group € 12.01 ng/mL, n= 172) were 53.3% andg
77.1%, respectivelyR = .0001 for both the log-rank test andg
generalized Wilcoxon test). Respective PFS values were 60.9%§nd
80.8% P = .0001). We set various cutoff points over 12.01 ng/mE,
* which was the upper limit in control serum (3.892 SD). We also %’r
j q - g examined patients with a cutoff point of 80 ng/mL for nm23-H%
p— Y pray " e o The 4-year survival rates for the high nm23-H1 group 80
(=43 =8 =63 =1 =4 =18 ng/mL, n= 65) and low nm23-H1 group<( 80 ng/mL, n= 375)

Figure 1. Serum levels of nm23-H1 protein in non-Hodgkin lymphoma and were 6.0% and 71.5%, respectively £ .0001), with PFS values
healthy controls. Upper and lower lines indicate the 10th and 90th percentiles; 0 oM —
boxes indicate the 25th and 75th percentiles. The line through each box indicates the 0f10.0% and 76.3 /d:( '0001)'

median. ALCL indicates anaplastic large cell lymphoma. Non-Hodgkin lymphoma; Next we analyzed DLBCL (Table 1) and PTCL patients. T%e
(n = 606). Healthy controls; (n = 45). (P = .0001; Wilcoxon test). *P < .05;*P < .01; 314 patients with DLBCL were divided into 2 groups according o
P < .0001. different serum nm23-H1 levels. All cutoff values showed signit:
cant prognostic value (Table 1). Figures 2A and B show the res@ts
using a cutoff value of 12.01 ng/mL. The 5-year survival rates fdr

The correlation between nm23-H1 and other known serum markélpg high ?nd _IOW nm23?I;1|1 groups were 5?'7% ]:e\nd ?3'6%’
was examined in aggressive NHL. There was a slight correlatiffiSPective yR = '000_1)’ with respective PFS values o 64'8/‘,’ a%d
between nm23-H1 and LDH ¢ 0.417,P = .0001), but not with /9-5% € =.0001). Figures 2C and D show the results usingza
SIL-2R (r=0.234, P = .0001), B2-microglobulin (2-MG) cutoff value of 80 ng/mL. The 4-year survival rates for the high agd
(r = 0.275, P = .00‘01) or sCD44 (= 0.190, P = .0001) in 'ow nm23-H1 groups were 5.5% and 71.4%, respectiv@y
patients with aggressive B cell-NHL (B-NHL). We next examined” = -0001), with PFS values of 7.9% and 77.896< .0001). We ¢
aggressive T cell-NHL (T-NHL) and also observed a Weaﬂlso examined PTCL and found that the 5-year survival rates were
correlation between nm23-H1 and LDH+0.392,P = .0005), 37-6% if nm23-H1 was 12.01 ng/mL or above and 93.3% df
but no correlation with sIL-2R (= 0.217, NS)p2-MG (r = 0.197, nm23-H1 was below 12.01 ng/mP (= .0009 for the log-rank testg
NS), or sSCD44 (= —0.06, NS). andP = .0013 for the generalized Wilcoxon test). Respective PES
values were 46.3% and 87.4% € .006 for the log-rank test andx
P = .006 for the generalized Wilcoxon test) (Figures 3A,B). The
3-year survival rates were 0% for nm23-H1 of 80 ng/mL or higher

The relation between nm23-H1 protein levels and clini(:opathc"il-nd 81.1% for nm23-H1 below 80 ng/me ¢ '0(.)01)’W'th respec-
logic factors was investigated in 440 patients with aggressive NS PFS values of 0% and 75.8% ¢ .0001) (Figures 3C,D).

When the median nm23-H1 concentration was used as the cutgffnificance of nm23-H1 in the OS and PFS of patients

value, a high serum level of nm23-H1 before treatment Wa$various IPI groups

strongly associated with poor prognostic features, such as greater

age, poor PS, elevated serum LDH level, higher Ann Arbor stagd/e evaluated the significance of serum nm23-H1 levels in
greater number of extranodal sites, and B symptdms (01 for DLBCL patients classified according to the IPI. In the L risk
all comparisons, Mann-Whitney U-test or Kruskal-Wallis test). Thgroup, both OS (Figure 4A) and PFS (Figure 5A) were worse for
assessment of each risk group classified according to IP1 reveap@dients with an nm23-H1 level of 80 ng/mL or higher than for
significantly higher levels of nm23-H1 in the H-I and H risk grouppatients (n= 3, 3-year survival 33.3%) with a level lower than
than in the L and L-I risk groups?(= .0001, Kruskal-Wallis test). 80 ng/mL (n= 95, 10-year survival 92.3%P(= .0001). These
CR was achieved in 346 (78.6%) of the 440 patients, and the meassults indicate that the therapeutic outcome was worse when
serum level of nm23-H1 in these 346 patients was 26:25.65 the nm23-H1 level was high. The prognosis for patients with
ng/mL at the time of diagnosis. This value was significantly lowemm23-H1 of 80 ng/mL or higher was also poor in the L-I, H-I,
than that in patients who showed a partial remission or failed snd H risk groupsR = .0001) (Figures 4B,C,D). We examined

EEEY
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Concentration of nm23-H1 (ng/mL) 00
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Correlation of nm23-H1 levels to other serum markers in NHL

Relation between serum nm23-H1 protein levels and
clinicopathologic data in NHL
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Table 1. Prognostic factors in a univariate analysis of diffuse large B-cell lymphoma

No. of 5-year Relative risk Pvalue 5-year Relative risk Pvalue
Factor patients  survival (%) (95% ClI) Wilcoxon test Log-rank test  PFS (%) (95% ClI) Wilcoxon test Log-rank test
International Prognostic
Index
L+ L-l 192 85.9 7.18 .0001 .0001 80.1 3.77 .0001 .0001
H-1 +H 122 39.2 (4.39-11.77) 52.2 (2.36-6.01)
WHO performance status
0-1 237 80.5 4.58 .0001 .0001 75.8 2.84 .0001 .0001
2-4 77 35.5 (3.01-6.99) 50.4 (1.78-4.53)
Serum LDH level
Normal 117 89.5 5.00 .0001 .0001 82.0 2.90 .0001 .0001
Above normal 197 53.1 (2.71-9.24) 63.4 (1.66-5.05)
Ann Arbor stage
I 139 81.0 3.05 .0001 .0001 82.8 2.87 .0001 .0001
1, v 175 57.3 (1.86-4.99) 59.3 (1.70-4.83)
Extranodal sites
0-1 280 72.1 3.74 .0001 .0001 72.6 2.92 .0001 .0002 o
>1 34 35.8 (2.28-6.12) 48.3 (1.63-5.22) %
B symptoms fx’_z
Absent 231 74.2 2.25 .0002 .0001 73.4 1.83 .0072 .0120 E
Present 83 51.1 (1.47-3.46) 61.5 (1.13-2.94) §
Bulky disease =
Absent 266 70.3 1.30 5777 .3522 72.0 141 .5623 .2404 i
Present 46 56.5 (0.74-2.26) 56.8 (0.79-2.52) ]
Age at diagnosis (yr) ‘E
<60 124 83.5 3.18 .0001 .0001 83.0 2.46 .0008 .0006 g
=60 190 57.9 (1.87-5.40) 61.2 (1.44-4.17) g
Sex 2
Male 164 69.2 1.06 .7366 7913 69.6 1.00 .9428 .9940 §
Female 150 63.7 (0.70-1.61) 715 (0.64-1.58) %
nm23-H1 level (ng/mL) 2
Control + 2SD = 12.01 127 83.6 3.87 .0001 .0001 79.5 2.72 .0001 .0001 _g’
Control + 2SD > 12.01 187 58.7 (2.24-6.68) 64.8 (1.60-4.63) %
Median = 17.00 158 83.2 4.33 .0001 .0001 80.4 3.32 .0001 .0001 5
Median > 17.00 156 53.9 (2.62-7.16) 60.3 (2.00-5.49) N
%3 point = 32.50 209 81.6 5.22 .0001 .0001 79.5 4.11 .0001 .0001 §
%3 point > 32.50 105 42.0 (3.35-8.13) 50.8 (2.59-6.52) 3
¥4 point = 45.00 236 81.0 7.02 .0001 .0001 79.7 6.06 .0001 .0001 g
94 point > 45.00 78 53.9 (4.55-10.83) 37.7 (3.83-9.60) S
= 80.00 272 77.9 12.12 .0001 .0001 77.8 14.34 .0001 .0001 -.E
> 80.00 42 55 (7.73-18.99) 7.9 (8.73-23.58) §
sIL-2 receptor level (U/mL) a
= 1000 137 86.7 4.45 .0001 .0001 85.4 3.34 .0001 .0001 &
> 1000 177 53.4 (2.58-7.66) 57.5 (1.96) i
sCD44 level (ng/mL) ®
Median = 464.0 111 77.4 1.82 .0248 .0247 77.4 1.68 .0557 .0688 %
Median > 464.0 110 58.8 (1.07-3.09) 63.3 (0.98-2.89) S
Control + 2SD = 598.8 141 76.3 1.86 .0291 .0174 74.0 1.68 .0401 .0528 =
Control + 2SD > 598.8 80 53.6 (1.11-3.11) 63.5 (0.99-2.66)
= 500 120 78.3 2.03 .0093 .0071 78.3 1.89 .0243 .0177
> 500 101 55.8 (1.20-3.43) 60.8 (1.11-3.23)

Cl indicates confidence interval; PFS, progression-free survival; L, low risk; L-I, low-intermediate risk; H-I, high-intermediate risk; H, high risk; WHO, World Health
Organization.

the PFS with a cutoff value for nm23-H1 of 80 ng/mL andas a whole by dividing the patients into 2 groups according to an
obtained the following results: in the L risk group, highnm23-H1 level of at least 80 ng/mL and below 80 ng/mL. The
nm23-H1 (n= 3, 2-year PFS 33.3%) and low nm23-H1£{n95, examination of OS revealed significant differencBs<( .0001)
9-year PFS 87.0%); in the L-I risk group, high nm23-H1<£r9, between high nm23-H1 (& 5, 3-year survival 40.0%) and low
3-year PFS 19.1%) and low nm23-H1 £n85, 6-year PFS nm23-H1 (n= 126, 10-year survival 89.4%) in the L risk group;
79.0%); in the H-I risk group, high nm23-H1 (a 16, 1-year high nm23-H1 (n= 18, 4-year survival 14.9%) and low nm23-H1
PFS 8.3%) and low nm23-H1 (1 68, 9-year PFS 68.0%); and (n = 122, 10-year survival 72.0%) in the L-I risk group; high
in the H risk group, high nm23-H1 (& 14, 2-year PFS 0%) and nm23-H1 (n= 23, 3-year survival 4.8%) and low nm23-H1
low nm23-H1 (n= 24, 6-year PFS 51.8%). The PFS of patientén = 97, 10-year survival 56.2%) in the H-I risk group; and high
with high nm23-H1 was poor in all of these risk groupsim23-H1 (n= 19, 2-year survival 0.0%) and low nm23-H1
(P = .0001) (Figures 5A-D). We also examined aggressive NH{n = 122, 6-year survival 15.5%) in the H risk group. The
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(%) Overall Survival (%) Overall Survival Figure 2. Overall survival and progression-
100 100 free survival of patients with diffuse large
low nm23-H1<012.01ng/mL {n=127) i : . -
! low nm23-H1 <80ng/mL (N=272)  B_ce|l lymphoma. (A,B) Patients with high
1-\ nm23-H1 (= 12.01 ng/mL; n = 187) had a
A R Bty a0 C H worse prognosis than patients with low
60 high nm23-H1212.01 ng/mL (n=187) 01§ nm23-H1 (< 12.01 ng/mL; n = 127). (C,D)
1 high neri23-H1 2 BongenL (ned2 Patients with high nm23-H1 (= 80 ng/mL;
=, high n ng/ml (n= _ . .
Log-Rank P=.0001 i g Log-Rank P=.0001! n = 42) had a worse prognosis than patients
Wilcoxon P=.0001 = S Wilcoxon P=.00011  with low nm23-H1 (< 80 ng/mL; n = 272).
o 1 2 3 4 5 & 7 8 8 10 0 1 2z 3 4 5 6 7 8 9 10
Years Years
(%) Progression-free Survival ¥e) Progression-free Survival
100
low nm23-H1 <12.01ng/mL (n=127) low nm23-H1 < 80ng/mL (n=272)
B high nm23-H1212.01 ng/mL (n=187}
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results were similar when we examined PFS. There wehggh sIL-2R and high nm23-H1; group C, low sIL-2R and low
significant differences R = .0001) between high and low nm23-H1; and group D, low sIL-2R and high nm23-H1). The @5
nm23-H1, as follows: high nm23-H1 (& 5, 3-year PFS 40.0%) values for groups A, B, C, and D were 65.1%, 28.1%, 87.3%, ahd
and low nm23-H1 (n= 126, 10-year PFS 86.0%) in the L risk68.7%, respectively. An analysis of survival probability amor‘fg
group; high nm23-H1 (= 18, 4-year PFS 16.2%) and lowthese groups showed that group B had a significantly shoger
nm23-H1 (n= 122, 10-year PFS 76.9%) in the L-I risk group;survival than the other group® & .0001). The PFS values forg»’.
high nm23-H1 (n= 23, 1-year PFS 9.2%) and low nm23-Hlgroups A, B, C, and D were 76.4%, 40.0%, 85.6%, and 71.3%,
(n= 97, 9-year PFS 67.6%) in the H-I risk group; and highespectively, and the prognosis for group B was again significargly
nm23-H1 (n= 19, 2-year PFS 0.0%) and low nm23-H1£n122, worse than those in the other groups=£ .0001) (Figure 6B). g
6-year PFS 15.5%) in the H risk group. Therefore, we might be Next, the combination of LDH (below and above the referenEe
able to predict the therapeutic outcome in each IPI risk group 9&lue) and nm23-H1 (median, 18.6 ng/mL) was evaluated. Feur
aggressive NHL by using an nm23-H1 cutoff value of 80 ng/migroups were created as described above, and the OS valueg for

at diagnosis. groups A, B, C, and D were 65.2%, 43.5%, 88.3%, and 69.386,
Assessment of the survival of patients with aggressive NHL respecthﬁ ly. Adntk? ntalySIS Oé EULVIVal_ pr_(f)_babltlllty P:i m:)ng thegEl
using nm23-H1 and other serum markers groups showe at group ad a significantly shorter surviga

than the other group®(= .0001) (Figure 6C). The PFS values foﬁ

We investigated the possibility of obtaining a more accuragroups A, B, C, and D were 77.3%, 55.6%, 84.9%, and 609. 2§/o
prognosis by combining nm23-H1 and other known prognostiespectively. Similar results were obtained in the analysis of PFFS
factors of aggressive NHL (sIL-2R, LDH, and sCD44). ThdP = .0001) (Figure 6D).

combination of sIL-2R (median, 1280 U/mL) and nm23-H1 The combination of sSCD44 (median, 483 ng/mL) and nm23- El
(median, 18.6 ng/mL) is shown in Figure 6A. The serum levels ¢median, 18.6 ng/mL) was also tested. The OS values for group&A
nm23-H1 and sIL-2R in aggressive NHL were plotted and divide#, C, and D were 81.8%, 41.6%, 96.1%, and 58.9%, respectivély.
into 4 groups (group A, high sIL-2R and low nm23-H1; group BAn analysis of survival probability among these groups show§d
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Figure 4. Overall survival curves of patients with A

diffuse large B-cell lymphoma. (A) Low risk; (B) fow risk

low-intermediate risk; (C) high-intermediate risk; and 100 T o e e o wa  a
(D) high-risk groups based on the International Prognos- low nm23-H1 (n=95)

tic Index.
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that group B had a significantly shorter survival than the other The 10 prognostic factors (nm23-H1 level, age, stage,o
groups P = .0001) (Figure 6E). The PFS values for groups A, Bsymptoms, PS, extranodal sites, LDH level, IPI score, sIL-2R Iev;el
C, and D were 75.9%, 44.3%, 89.9%, and 65.6%, respectively. Taed sCD44 level) that were statistically significant according t(ga
prognosis for group B was significantly poorer in PSS .0001) univariate analysis were further evaluated for their association wjth
(Figure 6F). These results indicate that the combination of sIL-2Rirvival by a multivariate analysis using a Cox proportion:gl
or sCD44 and nm23-H1 may be a useful prognostic factor eveazards model. This analysis showed that in patients with aggges-
when the level of nm23-H1 protein is lower than 80 ng/mL. sive NHL, the serum nm23-H1 level was the most importagfﬁt
independent prognostic factor (Table 2). An elevated ser@n
nm23-H1 level was also identified as the most important progno@tic
determinant for a poor PFS (Table 2). An additional multlvarleﬁe
Among patients with DLBCL, the OS was significantly worse fognalysis revealed that the 5 prognostic factors used to calculatenthe
patients with the following characteristics: the World Health Organiz&F! score and the serum nm23-H1 level were associated with ?S
tion (WHO) PS of 2 to 4, elevated serum LDH level, Ann Arbor stage éind PFS (data not shown). These results indicate that the nm23H1
lIIV, more than one extranodal site, B symptoms, 60 years of age lge! is an independent prognostic factor that may predict both Fe
older, a member of the IPI H-+ H risk group, sIL-2R level of 1000 OS and PFS. This was also true for ascertaining the OS and PF§ in
U/mL or higher, nm23-H1 level of 12.01 ng/mL or higher, and sCD4Ratients with aggressive NHL.
level of 500 ng/mL or higher. The PFS rate was significantly lower in

patients with the following characteristics: PS of 2 to 4, normal or raised
serum LDH level, Ann Arbor stage of llI/IV, more than one extranodgDiscussion
site, B symptoms, 60 years of age or older, a member of the IPHH#H

risk group, sIL-2R level of 1000 U/mL or higher, nm23-H1 level ofWe previously reported that a nondifferentiating mouse myeldid
12.01 ng/mL or higher, and sCD44 level of 500 ng/mL or highdeukemia cell line produced differentiation-inhibiting factors. Sué—
(Table 1). pression of the production of these inhibitory factors caused the

Univariate and multivariate analyses of OS and PFS in patients
with aggressive NHL
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Figure 6. Classification of 440 patients with aggres-
sive non-Hodgkin lymphoma according to the 2
important independent prognostic factors. (A,C,E)
Overall survival curves; (B,D,F) Progression-free sur-
vival curves. Categories included: high nm23-H1
(= 18.6 ng/mL) and low nm23-H1 (< 18.6 ng/mL);
high sIL-2R (= 1019 U/mL) and low sIL-2R (< 1019
U/mL); high LDH (=) and low LDH (< normal); and
high sCD44 (= 483 ng/mL) and low sCD44
(= 483 ng/mL).
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nondifferentiating leukemic cells to become sensitive to differentiare significantly higher than those in controls, and that becafse
tion inducers. One of these factors was purified as a homologuepaftients with high levels of nm23-H1 exhibit a poor prognosi,
nm23242939The nm23-H1 gene was isolated on the basis of itsm23-H1 levels can be useful for selecting the course of tret-
reduced expression in highly metastatic countergéipression ment® In this study, a large number of patients were examinedgat
of this gene was found to be inversely correlated with the tumorultiple institutions, and the histopathologic types defined by the
metastatic potential in experimental rodent cells and in certaigEAl classification were used. The level of nm23-H1 was
human tumorg! nm23 inhibits the differentiation of murine andsigniﬁcant|y correlated with PS, stage, LDH, and number of
human myeloid leukemia cells, and nm23 expression is grealyanodal lesions: therefore, nm23-H1 may be related to Iy'ﬁn-
increased during blast formation in normal lymphocytes. Theggma dissemination or tumor burden. In the present multiple-

fipdings.su.ggest that nm23 genes play a role in t,he growth af?'gtitution study with a greater number of patients, the results
differentiation of normal and malignant hematopoietic cells. On th&nfirmed the previous findings that the level of nm23-H1 is an

_bas_u; of the biologic aCt'Y'ty of _nm23_prote|ns as d'ﬁerent'atlo??dependent prognostic factor and that potent therapy will be
inhibitory factors, we previously investigated the relative levels o ) .
cessary to treat lymphoma patients with serum nm23-H1 levels

L o

23-H1 23-H2t t heryl _ .

nm23 and nm23 ranscripts in bone marrow and perip eroa} 80 ng/mL or higher. Because a recent trend in lymphoma therapy
blood samples from patients with acute myelogenous leukemia

(AML) cells. We determined the correlation between the expreLs-to design different treatments for each hiStOIOQiC typel, the serum
sion of nm23 and clinical data and evaluated the importance of tf¥e! of nm23-|0—|1 wasopremsely analyzed in DLBCL patients, who
nm23 mRNA expression level as a prognostic factor in AR#g2 ~ account for 40% to 50% of all NHL cases.
In a previous study, we measured the serum nm23-H1 protein PLBCL is an aggressive malignancy of mature B lymphocytes,
levels by ELISA in 102 AML patients and found that serunfnd patients with DLBCL show a highly variable clinical course.
nm23-H1 protein levels were high in AML patients compared witfthough most patients respond initially to chemotherapy, fewer
controls, and that patients with high levels exhibited a podhan half of all patients achieve a durable remissfonherefore,
prognosis# because patients with DLBCL are frequently encountered and can
There is also a close correlation between malignancy and the treated, we need to quickly establish a treatment method that is
level of nm23-H1 protein expression in malignant lymphoma. Waot excessive. We also need to remain cognizant of problems
previously reported that in malignant lymphoma, nm23-H1 levelssociated with late-stage complications resulting from extensive
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Tablg 2. Multivariate analysis by Cox proportional hazards model levels were elevated in patients with a PS score of 2 to 4,
on diffuse large B-cell lymphoma above-normal LDH, more advanced Ann Arbor stage, 2 or more
Estimate P Hazards  extranodal sites, and more advanced IPIl. The nm23-H1 protein
category (value = SE) vae  ra%  eyel was lower in CR than in non-CR patients, and the prognosis
Overall survival was poor with regard to both OS and PFS in patients with an
nm23-H1 (< 12.01/= 12.01 ng/mL) 1512045 0007 4571 nm>3.H1 |evel of greater than 80 ng/mL. After dividing the
ISF)‘T'?E"‘E';HZT S 1000/= 1000 U/mL) 8;2 i g:i; :23;(7’ igii subjects into 4 groups according to their IP1 values (L, L-I, H-l, and
Performance status (0, 1/2-4) 056+ 033 0841 1757 H risk groups), we investigated the effect of nm23-H1 protein
Extranodal sites (= 1/> 1) 047 +039 2370 1592 levels (above and below 80 ng/mL) on OS and PFS (Figures 4 and
LDH (normal/>normal) 043 ~ 042 3066 1544 D). The results showed that prognosis was poorer for those with an
Stage (I, 1111, IV)) 041 + 041 3103 1514 nm23-H1 protein level of more than 80 ng/mL in all risk groups.
Age (< 60/= 60 yr) 0.38+0.38  .3130 1.468 Hence, CHOP therapy may not be sufficient, and more potent
Soluble CD44 (< 500/= 500 ng/mL) 0.20 + 0.30  .4948 1224 therapy may be needed for L risk patients with an nm23-H1 protein
B symptoms —-0.55 =034  .1061 0.578 level of more than 80 ng/mL. Furthermore, standard therapy should
Progression-free survival be sufficient for H-l1 and H risk patients with low nm23-H1 protein
nm23-H1 (< 12.01/= 12.01 ng/mL) 086036 0157 2378 |aygls, In the study of each IPI, we observed significant differences
Soluble IL-2R (< 1000/ 1000 U/mL) 067+038 0178 1915 in 4|l of the risk groups. Multivariate analysis demonstrated that the
Stage (I, I1/11I, IV) 0.59 + 0.41  .1502 1.797 ) .
LDH (normal/> normal) 048 + 042 2480 1617 nm23-H1 level could. be an |nd9p§ndent prognostic factor gjr
Extranodal sites (= 1/> 1) 038 + 045 4090 1455 DLBCL. On the basis of our findings, we propose that tige
Age (< 60/= 60 yr) 035 +037 3361 1421 hm23-H1 protein level is a significant and independent prognogic
Soluble CD44 (< 500/= 500 ng/mL) 029 + 029 3125 1.343 factor for DLBCL and that it will be important in the future ing
IPI (L, L-/H-1, H) 0.27 = 0.47  .6320 1.254 planning the treatment strategy for DLBCL. With regard to PTCE,
Performance status (0, 1/2-4) 0.11+035  .7554 1.116 patients with high nm23-H1 also exhibited a poor prognosﬁ
B symptoms —-033+034  .3306 0.717 However, future studies for each risk group of IPI should lge
IPlindicates International Prognostic Index; L, low risk; L-I, low-intermediate risk; performed on a greater number of patients' and nm23-H1 rgay
H-I, high-intermediate risk; H, high risk. become a prognostic factor not only for DLBCL but also for PTCE.

The p53 mutation and the DNA microarray assay can ascertain%he

treatment, as seen in long-term survivors, especially the devek‘?;’iggnOSIS only of DLBCL, whereas nm23-H1 may ascertain tEe

ment of secondary cancers. Currently, IPI is commonly used as f{@9nosis of both DLBCL and PTCL. Moreover, we found thatgt_i
standard approach for separating patients into 2 groups andMAY P& possible to ascertain the prognosis by combining nm23#1
many cases, CHOP therapy is routinely applied to L and L-I risﬁ?(nq other known prognqstlc_factors of aggressive NHL. The res:g]ts
groups, whereas more potent chemotherapy is required in H-I a{ﬂg'fated that_the ?‘omblnatlon_ of nm23-H1 andIsIL-ZR or ShCD%
H risk groups. However, a poor prognosis has been observed iff¢Ud determine the prognosis more accurately, even when the

and L-I groups, and a good prognosis has been observed in H-I Mzs'Hl level was less than 80 ”g’mL’ suggesting that it will Be
H groups. By establishing a poor-prognosis group in L and L-I ris'ROSSIbIe to prowde_ more a_pprqpnate therapy for ea_ch typeibf
phoma by combining various independent prognostic factors

patients and a good-prognosis group among H-I and H ri h 23 in level which b d quickly aBd
patients, we can select an appropriate treatment by further classifi-1 € hm23-H1 protein level, which can be measured quickly a3

cation of patient groups. easily using a small serum sample, is useful for determmln@ja

Some intensive studies of biologic prognostic factors have beawtable treatment strategy because it makes it possible to preglict

performed recently, with p53 mutatiShand DNA microarray the prognosis before treatment. In the future, large prospecgve

assaff proving to be the prognostic factors for aggressive B-ceftudies Wlll be needed to (_establlsh the nm23-H1 protein level &a
fognostic factor for planning treatment strategy.

lymphoma. These genetic analyses will be conducted on IymB
nodes and lymphatic tissues to identify prognostic factors at the

gene level in the near future. However, the serum level of nm23-H1

can be measured quickly and easily using a small amount of sereknowledgment
before the start of therapy. The serum level of this protein will still

be useful for selecting an appropriate treatment for different typ¥¢e thank the Department of Immunology, SRL Inc, Tokyo, Japan
of lymphoma. In the present study of DLBCL, nm23-H1 proteifior measuring the serum nm23-H1 protein levels.

¥20z 8unr 8o
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