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Serum-soluble interleukin-2 receptor (sIL-2R) is an extremely
strong prognostic factor for patients with peripheral T-cell

lymphoma, unspecified (PTCL-U)
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Abstract

Purpose The aim of this study was to assess the prognos-
tic factors of peripheral T-cell lymphoma, unspecified
(PTCL-U).

Patients and methods We retrospectively analyzed 30
cases fulfilling the criteria of PTCL-U defined by the World
Health Organization classification. 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) at
onset was associated with a low complete remission rate.
Patients with high sIL-2R had significantly lower survival
rates (5 year, 15.1%) than those with low sIL-2R (<2,000
U/ml) (100%) (P < 0.005). Factors associated with worse
overall survival in a univariate analysis were high sIL-2R
(P <0.005), high age (>60 years) (P < 0.05), poor perfor-
mance status (P < 0.01) and poor international prognostic
index (P <0.05). No correlation was observed between
sIL-2R and other markers. Multivariate analysis showed
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that only sIL-2R was a prognostic factor for overall sur-
vival (P < 0.01).

Conclusion The results suggest that a high serum sIL-2R
level predicts a poor prognosis in PTCL-U.
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Introduction

Peripheral T-cell lymphoma, unspecified (PTCL-U) is char-
acterized by disseminated disease, with systemic symp-
toms, bone marrow involvement, and extranodal disease.
Although high-dose sequential chemotherapy followed by
autologous hematopoietic stem cell transplantation (ASCT)
has been successful (Zaja et al. 1997; Haioun et al. 1997),
Zaja et al. (1997) have shown there is no benefit of ASCT
in a subset of PTCL-U.

Many investigators have examined prognostic factors in
non-Hodgkin’s lymphoma (NHL), of which the International
Prognostic Index (IPI) (The International Non-Hodgkin’s
Lymphoma Prognostic Factors Project 1993), based on
patient characteristics directly associated with their condi-
tion, is the most reliable and well known. Examination of
prognostic factors is extremely important in attempting
patient stratification. We have previously reported that serum
concentrations of soluble Fas (sFas) (Hara et al. 2000), solu-
ble tumor necrosis factor receptor 2 (Goto et al. 2006), and
soluble interleukin-2 receptor (sIL-2R) (Goto et al. 2005)
predict the clinical outcome of patients with aggressive NHL.
These analyses were mainly for diffuse large B-cell lym-
phoma (DLBCL). Here, we report the results of prognostic
analysis using sIL-2R in patients with PTCL-U.
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Patients and methods
Patient selection

We investigated all patients with PTCL diagnosed between
January 1995 and December 2006. To be eligible for this
study, patients needed a histologically confirmed diagnosis
of PTCL-U, according to the World Health Organization
classification (Harris et al. 1999), with T-cell phenotype
proven either by flow cytometry or immunohistochemistry.
A complete set of clinical data for an accurate clinical stag-
ing was also required for inclusion. A simple set of clinical
data including age, sex, complete blood count, serum lac-
tate dehydrogenase (LDH) level, serum sIL-2R level, Ann
Arbor stage, international prognostic index (IPI), prognos-
tic index for PTCL-U (PIT) (Gallamini et al. 2004), number
and sites of extranodal disease, bone marrow (BM) involve-
ment, systemic symptoms (B symptoms), bulky disease,
performance status (PS), date of diagnosis, type of treat-
ment, response to therapy, date of assessment of response,
date of relapse, date of and status at last follow-up, and, if
deceased, date and cause of death was collected. Bulky dis-
ease was defined as a mediastinal mass with a maximum
diameter greater than one-third of the maximum chest
diameter or any other mass at least 10 cm in diameter. B
symptoms were defined, according to Ann Arbor criteria, as
recurrent fever (>38°C), night sweats, or loss of more than
10% of body weight.

Treatment strategies

Patients aged under 70 were assigned to receive eight
cycles of CHOP or THP-COP therapy (Tsurumi et al.
2004). Each regimen consisted of cyclophosphamide
(CPA: 750 mg/m?, given as a 2-h intravenous drip
infusion on day 1), doxorubicin (DOX) or tetrahydropyr-
anyl-adriamycin (THP: 50 mg/m?, given as a 30-min
intravenous drip infusion on day 1), vincristine [VCR:
1.4 mg/m? (maximum dose 2.0 mg), given intravenously
in a bolus over 5 min on day 1], and prednisolone (PSL:
100 mg daily, given orally on days 1-5). THP, an anthra-
cyclin derivative of DOX with reportedly lower cardio-
toxicity (Miller and Salewski 1994; Takagi and Oguro
1987), was used instead of DOX in the THP-COP regi-
men. No significant differences were observed for remis-
sion rate and survival between CHOP and THP-COP
therapy in our prospective randomized study (Tsurumi
et al. 2004). Patients aged 70 and over were assigned to
receive six cycles of THP-COP therapy, which is often
used for elderly NHL patients (Tsurumi et al. 2007). The
regimen consisted of CPA (650 mg/m?, given as a 2-h
intravenous drip infusion on day 1), THP (40 mg/m?,
given as a 30-min intravenous drip infusion on day 1),
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VCR [1.4 mg/m? (maximum dose 2.0 mg), given intrave-
nously in a bolus over 5-min on day 1], and PSL (40 mg
daily, given orally on days 1-5). Granulocyte colony-
stimulating factor (G-CSF) was administered subcutane-
ously at 2 pg/kg from day 7 until recovery from neutro-
penia, where necessary. The CHOP and THP-COP
chemotherapy cycles were repeated at 14-day intervals in
patients aged under 70, and the THP-COP chemotherapy
cycles were repeated at 21-day intervals in patients aged
70 and over. Patients with a bulky mass received radio-
therapy ranging from 30 to 40 Gy after chemotherapy.
Upfront high-dose chemotherapy followed by ASCT was
performed in six cases after complete remission (CR)
was achieved.

Patients who relapsed 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 methylpred-
nisolone, ifosfamide, methotrexate, etoposide, and car-
boplatin) second line. Patients aged under 70 with
refractory or relapsed NHL who responded to P-IMVP-
16/CBDCA received high-dose chemotherapy followed
by ASCT.

Response criteria

Tumor response to chemotherapy was evaluated after the
second, fourth, sixth, and final courses of chemotherapy.
Therapy was considered to have failed at those time points
for tumors that showed progressive disease. Response to
treatment was categorized using repeated physical exami-
nation, radiological studies, gallium scintigraphy, fluorode-
oxyglucose-positron emission tomography (FDG-PET) and
bone-marrow aspiration, according to the response criteria
defined by Cheson et al. (1999).

Statistical analyses

Data are expressed as medians and range. Differences in
median values were tested using the nonparametric Mann—
Whitney U-test. OS was measured from the time of initia-
tion of chemotherapy until death from any cause. Univari-
ate analyses of several pretreatment characteristics for their
effect on attaining CR were performed using the chi-
squared test. Univariate analyses of several pretreatment
characteristics including sIL-2R for their effect on survival
were performed using the log-rank test based on the method
of Kaplan and Meier. Multivariate analysis was performed
using the Cox’s proportional-hazards regression technique
to define the prognostic significance of selected covariates
including sIL-2R. P-values < 0.05 were taken to indicate
significance. All follow-up data were updated on 1
December 2007.
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Results
Characteristics of enrolled patients

We recruited a consecutive series of 30 patients with previ-
ously untreated PTCL-U. The characteristics of the patients
at entry are summarized in Table 1. The median age was
59 years (range 14-79 years), and the male-to-female ratio
was 23:7. Bulky disease was present in four patients
(13.3%). Nearly half of the patients presented with B symp-
toms (13 of 30, 43.3%). LDH levels were elevated in 22
patients (73.3%). IPI scoring was available in all patients,
five (16.7%) were classified as low risk (L), ten (33.3%) as
low-intermediate (LI), six (20.0%) as high-intermediate
(HI), and nine (30.0%) as high risk (H). According to PIT,

Table 1 Serum soluble IL-2 receptor levels in PTCL-U

Characteristic No. sIL-2R P value
Median Range

All patients 30 2,801 176-80,450

Sex

Male 23 2,890 176-80,450 NS
Female 7 2,555 210-58,900

Age

<60 17 2,205 210-72,800 NS
>60 13 4,456 176-80,450

PS

0,1 24 2,401 176-80,450 NS
2-4 6 4,165 2,010-14,600

LDH

Normal 8 1,690 176-11,600 NS
Increased 22 3,145 210-80,450
Extranodal sites

0,1 18 2,399 176-72,800 NS
>2 12 11,050 570-80,450
Clinical stage

v 4 349 176-2,010 P <0.05
/v 26 3,028 423-80,450
1PI

L/LI 15 1,850 176-72,800 P <0.05
HI/H 15 5,440 570-80,450
B symptom

Absent 17 2,045 176-58,900 NS
Present 13 4,456 423-80,450
Bulky disease

Absent 26 2,717 176-80,450 NS
Present 4 2,438 488-5,440
PIT

Group 1, 2 18 2,400 176-72,800 NS
Group 3, 4 12 3,728 423-80,450

4 (13.3%) were classified as group 1 (no adverse factors),
14 (46.7%) as group 2 (1 factor), 6 (20.0%) as group 3 (2
factors), and 6 (20.0%) as group 4 (3 factors or more).

Serum sIL-2R levels at entry

The median serum sIL-2R level (all patients) was 2,801 U/
ml (range 176-80,450) (Table 1). Various poor prognostic
features, such as age over 60 years, sex, poor PS, elevated
LDH, and extranodal sites were not associated with serum
sIL-2R level (Table 1). Advanced disease (CS III/IV) was
related significantly with a high serum sIL-2R level
(P <0.05) (Table 1). The median (range) serum sIL-2R
levels of the different IPI risk groups were as follows: 367
(176-3,400) U/ml for the L risk group, 2,701 (423-72,800)
U/ml for the LI risk group, 4,076 (570-58,900) U/ml for
the HI risk group, and 11,050 (2,398-80,450) U/ml for the
H risk group (Pyeran < 0.001) (Table 1).

Analysis of response

Overall, the CR rate was 70.0% (21 of 30); partial
responses were observed in 6.7% of patients (2 of 30) and
failures in 23.3% (7 of 30). The patients were divided into
two groups by sIL-2R level using a cut-off value of 2,000
U/ml, which was almost the median sIL-2R level in these
patients and is the value we also used in a previous report
(Goto et al. 2005). The CR rate was significantly worse in
patients with a sIL-2R level of >2,000 U/ml (P < 0.01)
(Table 2). There was no significant difference in CR rate
between PIT group 1 or 2 and PIT group 3 or 4 (Table 2).

Treatment regimens

Seven cases were treated with the CHOP regimen, and 19
with the THP-COP regimen. The CR rates with CHOP and
THP-COP were 85.7 and 73.7%, respectively, and the 5-
year OS rates were 41.7 and 63.4%. There was no signifi-
cant difference in CR rate and OS between the two regi-
mens. ASCT was performed in ten cases after CR was
achieved, and the 5-year OS rates of patients treated with
and without ASCT were 33.3 and 37.6%, respectively.

Univariate analyses for the effects of various factors on
overall survival

After a mean follow-up of 137 months, 12 (40.0%) of 30
patients had died, and the cumulative probability of sur-
vival at 5 years was 42.1% (Table 2; Fig. 1). The OS rate
was significantly worse in patients aged over 60 years
(P <0.05), poor PS (>1) (P <0.01) or unfavorable IPI (HI
and H risk groups) (P < 0.05) (Table 2; Fig. 2). The 5-year

@ Springer



56

J Cancer Res Clin Oncol (2009) 135:53-59

Table 2 Univariate analysis on remission rate and survival in PTCL-U

Factor No. CR 5 year OS

No. % P value % P value
All patients 30 21/30 70 42.1
sIL-2R
<2,000 10 9/10 90 P<0.01 100 P<0.005
>2,000 20 12/20 60 15.1
Sex
Male 23 15/23 652 NS 349 NS
Female 7 6/7 85.7 57.1
Age
<60 17 13/17 76,5 NS 47.1 P<0.05
>60 13 8/13 61.5 34.6
PS
0,1 24 19/24 792 NS 546 P<0.01
2-4 6 2/6 333 0
LDH
Normal 8 718 87.5 NS 87.5 NS
Increased 22 14/22  63.6 342
Extranodal sites
0,1 18 12/18  66.7 NS 35 NS
>2 12 9/12 75 51.3
Clinical stage
v 4 4/4 100 NS 66.7 NS
1/1v 26 17/26 654 41.3
1PI
L/LI 15 12/15 80 NS 46.7 P<0.05
HI/H 15 9/15 60 349
B symptom
Absent 17 12/17  70.6 NS 62.3 NS
Present 13 9/13 69.2 0
Bulky disease
Absent 26 18/26  69.2 NS 75 NS
Present 4 3/4 75 37.6
PIT
Group 1,2 18 12/18  66.7 NS 70.8 P <0.005
Group 3,4 12 9/12 75 0

OS rates for patients with sIL-2R levels of <2,000 and
>2,000 U/ml were 100 and 15.1%, respectively (P < 0.005)
(Table 2; Fig. 3). PIT also reflected the overall survival of
PTCL-U, when we divided he patients into favorable
(group 1 or 2) and unfavorable groups (group 3 or 4)
(P < 0.005) (Table 2).

Multivariate analyses on overall survival
Multivariate analyses demonstrated that only high serum

sIL-2R was an independent prognostic factor for OS
(P<0.01).
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Fig. 1 Overall survival curves of PTCL-U patients in all patients

Discussion

PTCL is a heterogeneous group of neoplasms presenting as
an advanced disease characterized by widespread dissemi-
nation, aggressive behavior, and a very poor outcome. For
treatment selection, discrimination of risk groups needs to
be clarified, and the IPI is now considered to be the most
reliable index. In a good agreement with previous studies
using IPI, the OS rates of the L and LI groups was better
than that of the HI and H groups, also in our results.

In recent years, intensive chemotherapies for the treat-
ment of NHL, including hematopoietic stem cell transplan-
tation (HSCT), have been investigated. Some of these
therapies have been shown to have better outcomes in some
populations of NHL. Although the utility of HSCT for
PTCL has not been established, the HI and H groups have
been thought to be suitable for HSCT in aggressive NHL in
the first CR (Haioun et al. 1997; Shipp et al. 1999).

The IPI is based on patient characteristics directly asso-
ciated with their condition, such as age and PS, and vari-
ables indirectly reflecting tumor biology such as CS, LDH,
and extranodal sites. Thus, examination of biological prog-
nostic factors has recently been the focus of research. For
instance, in patients with aggressive NHL, Ichikawa et al.
(1997) reported that the p53 mutation was associated with a
poor prognosis, and Niitsu etal. (1999, 2001, 2003)
reported that the nm23-HI protein was also associated with
prognosis. Moreover, many prognostic factors such as CRP
(Legouffe et al. 1998), basic fibroblast growth factor (Sal-
ven 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 investi-
gated. Most previous studies comparing outcomes between
patients with PTCL and patients with DLBCL have been
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Fig. 3 Overall survival curves of PTCL-U patients based on sIL-2R
level (sIL-2R < 2,000 U/ml and sIL-2R > 2,000 U/ml)

limited by the heterogeneity encountered within each dis-
ease category (Gisselbrecht et al. 1998). There are many
differences between PTCL-U and DLBCL, and the clinical
difference between B-cell and T-cell lymphoma becomes
more clearly after the introduction of rituximab to treat B-
cell lymphoma. Therefore, it is necessary to examine the
prognostic factors in PTCL separately from DLBCL, since
prediction of prognosis is necessary to select the most
appropriate treatment.

Gallamini et al. (2004) proposed PIT as a prognostic
model for PTCL-U, but as indicated in Table 2, we found
that PIT did not affect remission rate. When we divided the
patients into two, i.e., favorable and unfavorable, groups
based on PIT, it reflected the overall survival of PTCL-U,
but a significant difference was not seen among four groups
according to original PIT classification (data not shown).
Based on these results, PIT appears to be a useful model for
PTCL-U, but it is uncertain whether prognosis of PTCL-U
can be predicted only with PIT.

Mature T cells produce IL-2 in response to stimulation
by antigens and IL-2 promotes the growth of T cells bear-
ing IL-2R (Robb 1982). Membrane-bound IL-2R is present
on all normal activated T cells (Cantrell and Smith 1983).

sIL-2R into the serum. In vivo, sIL-2R might be produced
by normal lymphoid cells responding to stimulation by
malignant cells, which we believe is a likely process in B
cell lymphoma. Activated T cells produce sIL-2R in B cell
lymphoma. Similarly, it is thought that both activated T
cells and lymphoma cells produce sIL-2R in PTCL-U.
Therefore, sIL-2R reflects the prognosis more clearly in
patients with PTCL-U than those with DLBCL.

Soluble IL-2R can be measured quickly and easily using
ELISA. It decreased when the treatment succeeded and
when CR was achieved in patients with high serum sIL-2R
at onset, and increased again at relapse (data not shown).
Thus, the sIL-2R level correlates with the condition of lym-
phoma, and also reflects the activity of PTCL-U. Although
the number of patients in our study was too small to be
meaningful, sIL-2R clearly reflects the prognosis of PTCL-
U. Thus, it should be used as a biological prognostic factor
alongside IPI in stratification of patients with PTCL-U.

THP is reported to be particularly effective for T-cell
lymphoma. However, our study showed no significant
differences between CHOP and THP-COP in CR rate and
OS. In addition, we could not demonstrate a benefit for
upfront auto PBSCT when the patient achieved first CR.
This study is not a randomized trial, so we have to consider
the bias of each case and further studies, in particular ran-
domized trials, should be considered. In conclusion,
although we have to consider the modification of activating
T cells by such factors as viral infection, serum sIL-2R is a
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useful as a significant prognostic factor for PTCL-U. The
most reliable prognostic factor and the best combination of
prognostic factors for aggressive NHL should be further
clarified in order to facilitate selection of appropriate treat-
ment.
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