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Abstract Purpose: The aim of the present study was to
assess the prognostic significance of serum soluble
interleukin-2 receptor (sIL-2R) in aggressive non-
Hodgkin’s lymphoma (NHL). Methods: One hundred
and thirteen consecutive patients with previously un-
treated aggressive NHL (diffuse large B-cell lym-
phoma, 96; peripheral T-cell lymphoma, 17)
prospectively participated in this study between 1995
and 2001. The patients were treated with 6-8 cycles of
a CHOP or THP (pirarubicin)-COP regimen. Results:
A high serum sIL-2R level (2,000 U/ml and over) at
onset was associated with a low complete remission
rate. Patients with high sIL-2R had significantly lower
survival rates (5-year, 24%) than those with low sIL-
2R (under 2,000 U/ml) (74%) (P <0.01). Multivariate
analysis employing sIL-2R levels and conventional
prognostic factors demonstrated that high sIL-2R,
presence of B-symptoms, and advanced age (60 years
and older) were significantly unfavorable variables for
overall survival. In addition, we attempted to use sIL-
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2R in combination with the International Prognostic
Index (IPI). The patients in the high (H) risk group
and those with high sIL-2R in the low-intermediate
(LI)/high-intermediate (HI) risk group had signifi-
cantly lower survival rates than the patients in the low
(L) risk group and those with low sIL-2R in the LI/HI
risk group (P <0.001). Conclusion: The results suggest
that a high serum sIL-2R level predicts a poor prog-
nosis in aggressive NHL and may be a useful bio-
marker for selecting appropriate treatment when used
in combination with the IPI.
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International Prognostic Index (IPI) - Prognostic
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Introduction

Recently, many investigators have attempted to identify
the prognostic factors in non-Hodgkin’s lymphoma
(NHL) (Nicolaides et al. 1998). Age, performance status
(PS), clinical stage (CS), serum lactate dehydrogenase
(LDH) activity, and the number of extranodal lesions
are recognized as conventional prognostic factors, and
have been incorporated in the International Prognostic
Index (IPI) for intermediate NHL (The International
non-Hodgkin’s Lymphoma Prognostic Factors Project
1993). Some investigators have suggested that serum-
soluble interleukin-2 receptor (sIL-2R) level may also be
a prognostic factor for NHL (Niitsu et al. 2001; Kono
et al. 2000). IL-2R is expressed not only on the surface of
activated T or B lymphocytes, but also on parts of
lymphoid malignancies. sIL-2R is released from the cell
membrane by cleavage of IL-2R (Rubin et al. 1985;
Rubin and Nelson 1990) and its the serum level rises in
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patients with some malignancies, including malignant
lymphoma. In clinical practice, we attempt to devise a
therapeutic plan according to expected prognosis, and
thus need prognostic factors that can be used to cate-
gorize patients with aggressive NHL. Here, we examined
whether serum sIL-2R evaluation would help to achieve
this aim.

Prognostic factors often differ among clinical studies
due to the use of different chemotherapeutic protocols.
Accordingly, for prognostic analysis, uniform chemo-
therapy should be performed where possible. In the
present study, we enrolled patients who underwent
almost uniform chemotherapy, including a CHOP regi-
men consisting of cyclophosphamide (CPA), doxorubi-
cin (DOX), vincristine (VCR), and prednisolone (PSL)
or a THP-COP regimen consisting of CPA, pirarubicin
(THP), VCR, and PSL (Kitamura and Takaku 1990;
Tsurumi et al. 2003).

Materials and methods
Patients

We used a prospective, consecutive entry design. Be-
tween October 1995 and December 2001, previously
untreated patients with aggressive NHL confirmed by
biopsy participated in this study. Between 1995 and 2000
the histology of aggressive NHL was defined according
to the Working-Formulation (The non-Hodgkin’s lym-
phoma pathologic classification project 1982), and
thereafter it was reclassified based on the new WHO
classification (Jaffe et al. 2001). Follicular large cell
lymphoma, which is included in aggressive NHL, was
excluded because rituximab became available for its
treatment in Japan. Therefore, in the present study, no
patient received rituximab. In addition, patients with
human immunodeficiency virus or human T-cell lym-
photropic virus type I were excluded. Clinical stage (CS)
of the disease was evaluated according to the Ann Arbor
classification (Carbone et al. 1971). Patients who did not
receive chemotherapy due to any reason were also ex-
cluded. All patients gave written informed consent
according to institutional guidelines and the Declaration
of Helsinki.

Serum sIL-2R determination

To evaluate serum levels of sIL-2R, venous blood
samples were drawn from patients immediately before
the initiation of treatment. Serum sIL-2R was deter-
mined using a sandwich enzyme-linked immunosorbent
assay (ELISA) kit (Cell-free Interleukin-2 Receptor
Test Kit, T cell Science, Cambridge, Mass., USA)
based on two monoclonal antibodies raised against
two different epitopes of the p55 alpha-chain of the
IL-2R  complex, according to the manufacturer’s
instructions.

Treatment

Patients aged under 70 were assigned to receive eight cy-
cles of CHOP or THP-COP therapy (Tsurumi et al. 2003).
Each regimen consisted of CPA (750 mg/m” on day 1),
DOX or THP (50 mg/m? on day 1), VCR [1.4 mg/m?
(maximal dose, 2.0 mg), on day 1], and PSL (100 mg, on
days 1-5). THP, a derivative of DOX, is reportedly an
anthracyclin with less cardiotoxicity than DOX (Miller
and Salewski 1994; Takagi and Oguro 1987). THP was
used instead of DOX in the THP-COP regimen. No sig-
nificant difference was observed for remission rate and
survival in our prospective randomized study between
CHOP and THP-COP therapy (Tsurumi et al. 2003).
Patients aged 70 and over were assigned to receive six
cycles of THP-COP therapy, which is often used for el-
derly NHL patients (Kitamura and Takaku 1990). The
regimen consisted of CPA (650 mg/m? on day 1), THP
(40 mg/m? on day 1), VCR [1.4 mg/m? (maximal dose,
2.0 mg) on day 1], and PSL (40 mg on days 1-5). The
CHOP and THP-COP chemotherapy cycles were re-
peated at 14-day intervals in patients aged under 70, and
the THP-COP chemotherapy cycles were repeated at 21-
day intervals in elderly patients aged 70 and over, using
granulocyte colony-stimulating factor (G-CSF). Patients
with a bulky mass received radiotherapy ranging from
30 Gy to 40 Gy after chemotherapy. Patients who re-
lapsed or had disease progression after CHOP or THP-
COP, and patients who were resistant to CHOP or THP-
COP received the P-IMVP-16/CBDCA regimen (Sawada
et al. 2002), consisting of methylprednisolone, ifosfamide,
methotrexate, etoposide, and carboplatin, as a second-
line regimen. Some patients aged under 70 with refractory
or relapsed NHL who responded to the P-IMVP-16/
CBDCA received high-dose chemotherapy followed by
autologous hematopoietic stem cell transplantation
(HSCT).

Response criteria

After the completion of chemotherapy, response to
treatment was categorized according to the International
Workshop for NHL (Cheson et al. 1999). The disap-
pearance of all disease evidence for at least 1 month
qualified as complete remission (CR). Patients with
residual masses were classified as uncertain CR (CRu),
which denotes the disappearance of all disease apart
from residual radiologic abnormalities (less than 25% of
initial volume) of uncertain significance. A decrease in
tumor mass by more than 50% for at least 1 month
qualified as partial remission (PR). In this study, CRu
was also included in CR.

Statistical analyses

Data are expressed as the median and range. Differences
in median values were tested using the nonparametric



Mann Whitney U-test (Stat View 4.01). Overall survival
(OS) was measured from the time of chemotherapy until
death from any cause. In patients who obtained CR,
disease-free survival (DFS) was measured from the time
of achievement of CR until relapse or death from any
cause. Univariate analyses of several pretreatment fea-
tures for their effect on attaining CR were performed
using the chi-squared test. Univariate analyses of several
pretreatment features including sIL-2R for their effect
on survival were performed using the log-rank test based
on the method of Kaplan and Meier (Kaplan and Meier
1958). Multivariate analysis was performed using Cox’s
proportional-hazards regression technique to define the
prognostic significance of selected covariates including
sIL-2R (Cox 1972). P-values less than 0.05 were taken to
indicate significance. All follow-up data were updated
on 1 December 2002.

Results

Characteristics of enrolled patients with aggressive NHL
and their serum sIL-2R levels

We measured serum sIL-2R levels (Table 1) in a con-
secutive series of 113 (69 males, 44 females; age, 14—
92 years; median, 66 years) patients with aggressive
NHL. Of these 113 patients, 96 had diffuse large B-cell
lymphoma (DLBCL) and 17 had peripheral T-cell lym-
phoma (PTCL). The median of serum sIL-2R level in all
patients was 1,748 U/ml (range 123-42,900). Various
poor prognostic features, such as poor PS, an elevated
LDH, extranodal sites, advanced disease (CS III/IV),
existence of B-symptoms, and elevated CRP were
strongly associated with high serum sIL-2R levels. The
mean serum sIL-2R level of T-cell lymphoma (PTCL)
was higher than that of B-cell lymphoma (DLBCL)
(P <0.05). Neither sex, age, nor the existence of bulky
mass was associated with serum sIL-2R levels. The
median serum sIL-2R levels of the respective IPI risk
group was as follows: 494 (range: 123-1,760) U/ml for
the L risk group, 809 (181-7,620) U/ml for the LI risk
group, 1,940 (459-17,120) U/ml for the HI risk group,
and 7,694 (502-42,900) U/ml for the H risk group
(P<0.001).

A cut-off value of serum sIL-2R

We determined an appropriate cut-off value of 2,000 U/
ml to discriminate one group from another for OS and
DFS. The value is nearest to the median sIL-2R level in
all NHL patients.

Serum sIL-2R on achievement of CR

The CR rate of patients with sIL-2R levels of less than
2,000 U/ml and 2,000 U/ml and over was 85% and 64 %,
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Table 1 Serum soluble IL-2 receptor levels in aggressive NHL
patients

Factor No. sIL-2R P value
median range

Al patients 113 1,748 123-42,900

Sex
Male 69 1,315 123-39,720 N.S.
Female 44 1,940 181-42,900

Age
<60 32 1,409 123-39,720 N.S.
=60 81 1,900 181-42,900

PS
0.1 72 1,016 123-18,100 P<0.001
2-4 41 5,640 389-42,900

LDH
Normal 50 787 123-24,000 P<0.001
Increased 63 2,500 328-42,900

Extranodal sites
0.1 55 809 123-15,080 P<0.001
22 58 2,926 328-42,900

CS
I/ 22 617 123-5,624 P<0.01
11/1v 91 2,188 181-42,900

1PI
L/LI 40 636 123-7,620 P<0.001
HI/H 73 2,540 459-42,900

B symptoms
(-) 68 994 123-31,197 P<0.001
(+) 45 6,690 459-42,900

CRP
<3 mg/dl 73 999 123-18,100 P<0.001
=3mg/dl 40 6,515 613-42,900

Bulky mass
(-) 97 1,530 181-10,413 N.S.
(+) 16 1,950 123-42,900

B/T cell
B (DLBCL) 96 1,473 123-42,900 P<0.05
T(PTCL) 17 3,260 210-24,000

respectively (P<0.01) (Table 2). In addition, the CR
rate was significantly worse in patients with aged
60 years and older, high serum LDH levels, poor PS
(> 1), many extranodal involvements ( > 1), unfavorable
IPI (HI and H risk groups), B-symptoms, and high CRP
levels (>3 mg/dl) (Table 2).

Univariate analyses for various factors on overall
survival and disease-free survival

The S5-year OS rates for patients with sIL-2R levels of
less than 2,000 U/ml and 2,000 U/ml and over were 74%
and 24%, respectively (P <0.001), with respective DFS
rates of 79% and 28% (P <0.01) (Fig. 1, Table 2). The
OS rate was significantly worse in patients aged 60 years
and older, poor PS (> 1), high serum LDH levels, many
extranodal involvements (> 1), advanced CS (111, IV),
unfavorable IPI (HI and H risk groups), B-symptoms,
high CRP levels (>3 mg/dl), and no achievement of CR
(Table 2). The DFS rate was significantly worse in
patients with high serum LDH levels, many extranodal
involvements (> 1), advanced CS (III, IV), and unfa-
vorable IPI (HI and H risk groups) (Table 2). Figure 2
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Table 2 Univariate analyses on

remission rate and survival in Factor No. CR S-year overall S-year disease-
aggressive NHL patients survival free survival
No. %

sIL-2R <2000 IU/T 60 51/60 85.0% P<0.01 74% P<0.001 79% P<0.01
22000 TU/T 53 34/53 64.2% 24% 28%

Sex Male 69  51/69 73.9% N.S. 47% N.S. 45% N.S.
Female 44 33/44 75.0% 52% 58%

Age 60 32 28/32 87.5% P<0.05 50% P<0.05 58% N.S.
=60 81  56/81 69.1% 45% 46%

PS 0,1 72 63/72 87.5% P<0.001 60% P<0.001 62% N.S.
24 41 21/41 51.2% 29% 46%

LDH Normal 50  46/50 92.0% P<0.001 70% P<0.001 65% P<0.01
Increased 63 38/63 60.3% 30% 40%

Extranodal sites 0,1 55 46/55 83.6% P<0.05 70% P<0.001 71% P<0.01
22 58  38/58 65.5% 31% 42%

CS /1 22 19/22 86.4% N.S. 83% P<0.001 91% P<0.01
1I1/1v 91  65/91 71.0% 40% 48%

IPI L/LI 40  37/40 92.5% P<0.001 73% P<0.001 70% P<0.05
HI/H 73 47/73 64.4% 35% 49%

B symptoms (-) 68  57/68 83.8% P<0.01 64% P<0.001 63% N.S.
(+) 45 27/45 60.0% 27% 47%

CRP <3 mg/dl 73 63/73 86.3% P<0.001 51% P<0.001 60% N.S.
=3 mg/dl 40  21/40 52.5% 42% 58%

Bulky mass (-) 97  62/97 63.9% N.S. 52% N.S. 61% N.S.
(+) 16  12/16 75.0% 27% 33%

B/T cell B 96  73/96 76.0% N.S. 51% N.S. 35% N.S.
T 17 11/17  64.7% 41% 46%

CR (+) 84 - 65% P<0.001
(-) 29 - 6%

shows the difference in OS and DFS according to IPI.
Regarding OS, no significant difference was observed
between the LI and HI group (Fig. 2a). As to DFS, no
significant differences were observed among the LI, HI,
and H group (Fig. 2b).

Combination of IPI and sIL-2R on survival

Risk categories of IPI were then divided into low and
high sIL-2R groups (Table 3). The OS and DFS of high
sIL-2R in the LI group were almost equivalent to those
of high sIL-2R in the HI group. The OS and DFS of low
sIL-2R in the LI group were also almost equivalent to
those of low sIL-2R in the HI group. Thus, the LI and
HI groups were combined and then divided into two
groups; the low sIL-2R group and the high sIL-2R
group. As shown in Fig. 3a, the OS of the L group and
the OS of the low sIL-2R group in LI/HI were almost
equivalent, while the OS of the high sIL-2R group in LI/
HI and the OS of the H group were also almost equiv-
alent. Hence, a strong significant difference was ob-
served between the former (L and low sIL-2R group in
LI/HI) and the latter (high sIL-2R group in LI/HI and
H) (P<0.001) (Fig. 3b).

Multivariate analyses on overall survival
and disease-free survival

Multivariate analyses employing these factors demon-
strated that high serum sIL-2R, presence of B-symp-

toms, and advanced age were independent prognostic
factors for OS (sIL-2R: relative risk 3.2, 95% confidence
interval 1.574-7.089, P=0.0011; B-symptoms: 2.0,
1.011-3.956, 0.0463; age: 2.0, 1.008-4.736, 0.0473,).
High sIL-2R and advanced CS were independent prog-
nostic factors for DFS (sIL-2R: relative risk 3.0, 95%
confidence interval 1.685-5.523, P=0.0001; CS: 2.8,
1.105-4.559, 0.0208).

Discussion

In recent years, intensive chemotherapies for the treat-
ment of NHL, including HSCT, have been investigated.
Some of these therapies have been shown to yield a
better outcome in some populations of NHL. However,
in the low-risk group of patients with NHL, such
intensive therapy might result in overtreatment. There-
fore, discrimination of risk groups needs to be clarified.
Under these circumstances, various studies on prog-
nostic factors of NHL have been performed, and the IPI
is now considered as the most reliable index. The HI and
H groups have been thought to be suitable for HSCT in
aggressive NHL in the first CR (Shipp et al. 1999;
Haioun et al. 1997). However, even in the L and LI
groups, the outcome of some patients is sometimes poor,
whereas some patients in the HI and H groups some-
times have a good outcome. Thus, there may be no
marked difference in prognosis of aggressive NHL
between the LI and HI groups. At least , in our series, a
significant difference was not observed between the LI
and HI groups (Fig. 2). Thus, the IPI alone may not
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Fig. 1a,b a Overall survival and b disease-free survival curves for
patients with aggressive non-Hodgkin’s lymphoma. Patients with
an sIL-2R level = 2,000 U/ml had a worse prognosis than those
with an sIL-2R level <2,000 U/ml (P <0.005 for overall survival,
P <0.005 for disease-free survival)

always be sufficient to categorize patients with aggressive
NHL in order to determine the therapeutic strategy.
The IPI is based on patients’ characteristics directly
associated with their condition, such as age and PS, and
variables indirectly reflecting the tumor biology such as
CS, LDH, and extranodal sites. Thus, the examination
of biological prognostic factors has recently been fo-
cused on by many researches. For instance, in aggressive
NHL patients, the p53 mutation, the nm23-HI protein,
and serum soluble Fas level were associated with prog-
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Fig. 2a,b a Overall survival and b disease-free survival curves for
patients with aggressive non-Hodgkin’s lymphoma classified
according to the International Prognostic Index (IPI)

nosis (Ichikawa et al. 1997; Niitsu et al. 1999; Hara et al.
2000). Moreover, many prognostic factors such as basic
fibroblast growth factor (Salven et al. 1999), IL-6 (Preti
et al. 1997), IL-10 (Stasi et al. 1994), soluble CD44
variant 6 (Sasaki and Niitsu 2000), and survivin (Adida
et al. 2000) have also been investigated. In addition,
using gene expression analysis with DNA microarrays,
DLBCL was recently classified into the two different
groups of germinal center B-like DLBCL and activated
B-like DLBCL. When these two types were compared,
the prognosis of activated B-like DLBCL was signifi-
cantly worse (Alizadeh et al. 2000). Thus, in the future,
prognostic analysis of NHL will be performed at the

Table 3 Serum soluble IL-2 receptor levels in the International Prognostic Index risk groups

IPI No CR sIL-2R No. CR Overal survival Disease-free
survival
No. % No. % 2 years 5 years 2 years S years

L 19 17/19 89.5 <2,000 IU/T 19 17/19 89.5 78.6 78.6 82.4 82.4
>2,000 IU/I 0 0 0 - - - -

LI 21 20/21 75.2 <2,000 TU/I 15 15/15 100 86.7 74.3 73.1 73.1
=2,000 TU/I 6 5/6 83.3 66.7 50.0 33.3 16.7

HI 33 29/33 87.9 <2,000 TU/I 17 15/17 88.2 76.6 76.6 73.0 73.0
22,000 TU/T 16 14/16 87.5 53.5 21.4 36.4 18.2

H 40 18/40 45.0 <2,000 TU/I 9 3/9 33.3 55.6 55.6 57.1 47.6
>2,000 1U/I 31 15/31 48.4 254 16.9 33.3 333
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Fig. 3a,b Overall survival curves for patients with aggressive non-
Hodgkin’s lymphoma classified according to the combination of the
International Prognostic Index (IPI) and serum sIL-2R level. The
LI and HI risk groups were combined and then divided into two
groups; the low sIL-2R group in LI/HI and the high sIL-2R group
in LI/HI. Hence, the patients were classified into four groups; a the
L risk group, the low sIL-2R group in LI/HI, the high sIL-2R
group in LI/HI, and the H risk group. The former two groups and
the latter two groups were combined, respectively, and all patients
were then divided into two groups; the L and low sIL-2R group in
LI/HI, and the H and high sIL-2R group in LI/HI. b Between the
two groups, there was a strongly significant difference

genomic level. However, a prediction of prognosis
should be available prior to treatment in order to assist
in selecting appropriate treatment. At the present time, it
is important to ensure that these analyses can be per-
formed quickly and easily.

Serum sIL-2R levels have been clinically investigated
in a variety of human diseases such as myelodysplastic
syndrome (Ogata et al. 1996), Hodgkin’s disease (Viviani
et al. 1998), B-chronic lymphocytic leukemia (Semenz-
ato et al. 1987), lymphoblastic lymphoma (Wagner et al.
1987), and adult T-cell leukemia/lymphoma (Yasuda
et al. 1988). However, unexpectedly, there have been few
prospective studies that have evaluated the prognostic
significance of serum sIL-2R in adult aggressive NHL
patients (Niitsu et al. 2001; Kono et al. 2000). In the
present study, we showed that sIL-2R was closely
associated with the prognosis of aggressive NHL. The
indications of up-front HSCT for aggressive NHL in
the first CR remain to be clarified. Here, in selecting the

appropriate therapeutic strategy for aggressive NHL, we
tried to make use of sIL-2R in combination with IPI.
Our study showed that the OS of the L and the low sIL-
2R group in the LI/HI group was significantly better
than that of the H and the high sIL-2R group in the LI/
HI group. The latter group is considered to be unfa-
vorable, and might be a good indication of the need for
high-dose chemotherapy with HSCT. Thus, the
requirement for high-dose chemotherapy with HSCT
might be well indicated in patients with high sIL-2R
irrespective of IPI, and in H risk patients.

In conclusion, serum sIL-2R might be a significant
prognostic factor for aggressive NHL and a useful tool
for selecting the appropriate therapeutic strategy in pa-
tients with aggressive NHL. The most reliable prog-
nostic factor and the best combination of some
prognostic factors for aggressive NHL should be further
clarified in order to assist in selection of appropriate
treatment.
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