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Memorial Sloan-Kettering Cancer Center
(MSKCC) score [8], which include ECOG PS
>1 (P=0.001), low Hb levels {P=0.002),
high corrected calcium levels (P = 0.008)
and high LDH levels (P < 0.001), and <12
months between diagnosis and initial
systemic therapy (P= 0.037), were
associated with worse OS (Table 2).
Multivariate analysis by a Cox proportional
hazard model showed that low Hb and high
LDH were independently associated with
poorer 0S among MSKCC scores (Table 3). In
addition, brain metastasis and no history of
nephrectomy were also associated with
poorer 0S.

Because the patients included in the present
study represent a mixture of treatment
naive and refractory RCC patients, we
analyzed these two groups separately. The
application of the MSKCC model (using PS,
Hb, calcium, LDH and time from diagnosis to
initiation of systemic therapy) to stratify
patients into three risk groups for the
treatment naive patients (favourable: no risk
factors, 129, n = 4, intermediate: one or
two risk factors, 59%, n = 20; poor: three to
five risk factors, 29%, n = 10) distinctly
separated the OS curves (Fig. 1A). On the
other hand, the application of the MSKCC
model for the treatment refractory patients
(9] (using Hb, calcium and PS) to stratify
patients into three risk groups (favourable:
no risk factors, 13%, n = 12; intermediate:
one risk factor, 62%, n = 13; poor: two or
three risk factors, 25%, n = 4) also distinctly
separated the OS curves (Fig. 1B).

ADVERSE EFFECTS

All 63 patients experienced treatment-
related adverse events, most of which were
grade 1 or 2 in severity. The most common
grade 3 or 4 adverse events were fatigue
(530%0), thrombocytopaenia (48%), hand-foot
syndrome (16%), anaemia (209%),
hypertension (10%) and leucopaenia (9%).
Most of these adverse events were
manageable and reversible. Although most
patients were able to resume therapy after
treatment modification, only two (3%)
patients and one (1%) patient discontinued
because of adverse fatigue and hand-foot
syndrome events, respectively. In particular,
the incidence of hypothyroidism (76%) was
remarkable. Among these patients,
levothyroxine had to be administered to
maintain thyroid function in 37 (59%)
patients.

ociated with poor survival
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In the present study, we retrospectively
analyzed the ORR, PFS, OS and prognostic
factors in 63 native Japanese patients,
suggesting that the results of the present
study could reflect current clinical practice
in metastatic RCC in our country. In this
cohort, the ORR and clinical benefit {partial

from sunitinib were 30% and 81%,
respectively. These are somewhat lower than
the results of a Japanese phase Il study
(529% and 78%]) [5] but slightly better than
the results from an expanded-access
programme in Western countries (16% and
76%) [10]. The estimated median PFS and 0S
in the present study were 9.3 and 32.2
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months, respectively. These are also
somewhat lower than the results of the
Japanese phase Il study (12.2 and 33.1
months for treatment-naive patients and
10.6 and 32.5 months for cytokine-
refractory patients) but slightly better than
the results from the expanded-access
programme in Western countries (10.9 and
18.4 months) [5,10,11]. In addition, it should
be noted that 42% of the patients in the
present study were still on treatment, which
may have resulted in an underestimation of
the ORR, as suggested by a recent analysis
showing a higher ORR after longer
follow-up [3,12].

It is remarkable that the median OS from
the initial systemic therapy of the pretreated
patients was 79.6 months. In a phase ||
randomized clinical trial, sunitinib showed
longer PFS and OS compared to interferon-o
as a first-line therapy for patients with
metastatic RCC [3,4]. Interestingly, the OS
was not significantly different between the
treatment naive patients and pretreated
patients in the present study (not reached
and 24.2 months), in the expanded-access
programme (18.4 and 18.1 months) [10] and
in the Japanese phase Il study (33.1 and
32.5 months, respectively [11]. These resuits
suggest that sunitinib can give a favourable
impact as a second-line therapy for patients
refractory to cytokine therapy rather than
for treatment-naive patients.

All of the risk factors (ECOG PS >1, low Hb
level, high corrected calcium level, high LDH
level and <12 months between diagnosis
and initial systemic therapy) were associated
with worse OS in the MSKCC scores, which
have been previously identified in patients
treated with cytokines (Fig. 1A and Table 2}
[8,9]. The application of the respect MSKCC
models for the treatment naive and
refractory patients also distinctly separated
the OS curves (Fig. 1). This is consistent with
recent studies identifying patients who
probably will benefit from tyrosine kinase
inhibitors [12-15]. These results, as well as
those obtained in the present study, indicate
that MSKCC scores are associated with the
behaviour of the disease rather than with
specific forms of therapy. Therefore, MSKCC
prognostic factors are still valid for
predicting survival in metastatic RCC in the
molecular targeted therapy era. However,
the distribution of patients according to the
MSKCC model is uneven: in the series from
the present study, 13%, 62% and 25%
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of patients belonged to favourable,
intermediate and poor risk groups,
respectively. The disproportionately large
number of patients in the intermediate
group suggests that the outcome of this
group may be somewhat heterogeneous. The
prognostic significance of these factors
remains to be verified in a larger study
because the present study is only
preliminary and has a small number of
patients.

Apart from the MSKCC score, brain
metastasis and no history of nephrectomy
were also independently associated with
poorer 0S. The cumulative incidence of brain
metastases is =100, and these patients are
considered to have a poor prognosis
{median overall survival, 3-6 months)
[16,17]. Although some studies have
reported that sunitinib has activity against
brain metastasis [18,19], and even against
multiple brain lesions [19], there is
insufficient information available about the
activity of sunitinib for brain metastasis
because most clinical trials have excluded
patients with brain metastasis. Intracerebral
haemorrhage in RCC patients with brain
metastases should be considered as a
cautious adverse effect to be treated with
tyrosine kinase inhibitors, although the
incidence of this remains to be reported. We
consider radiotherapy as a primary
treatment for patients with brain metastasis;
thereafter, targeted therapies could be
considered. However, in the present study,
no patients suffered intracerebral
haemorrhage. ‘

Among the 49 patients who underwent
nephrectomy, 22 patients did so as a
cytoreductive strategy. Upfront cytoreductive
nephrectomy, followed by systemic therapy,
has been established as the standard care
for metastatic RCC in the cytokine era
[20,21]. Targeted agents, including sunitinib,
have shown improved outcomes compared
to cytakine therapy, transforming the
treatment strategy of metastatic RCC.
Although many studies focus on the role of
cytoreductive nephrectomy in combination
with targeted agents for patients with
metastatic RCC, cytoreductive nephrectomy
is still recommended at least for those
patients with currently good PS.

All patients experienced treatment-related

adverse events, most of which were grade
1 or 2 in severity, and most patients were

able to resume therapy after treatment
modification. In particular, the incidence

of grade 3/4 haematological toxicities,
including anaemia (20%), leucopaenia (9%)
and thrombocytopaenia (48%), appears to
be higher in the present study compared to
the previous worldwide phase i clinical trial
data [3,4], and also is consistent with the
report from the Japanese phase Il clinical
trial {5,11].

In conclusion, sunitinib has a favourable
efficacy/safety profile for Japanese
metastatic RCC patients in clinical practice.
The estimated median OS was >2 years with
acceptable tolerability. In addition, it should
be noted that the median OS from the initial
systemic therapy of pretreated patients was
>6 years. MSKCC prognostic factors appear
to be still valid for predicting survival in
metastatic RCC in the era of molecular
targeted therapy.
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High thymidine kinase activity is a strong predictive factor
for poor prognosis in peripheral T-cell lymphoma treated with
cyclophosphamide, adriamycin, vincristine and prednisone

Kazuhito Suzuki, Yasuhito Terui, Kenji Nakano, Eriko Nara, Kentaro Nasu, Kyoko Ueda, Noriko Nishimura,
Yuko Mishima, Sakura Sakajiri, Masahiro Yokoyama, Shunji Takahashi & KIyOhIkO Hatake

Department of Medical Hematology/Oncology, Cancer Institute Hospital, Tokyo, Japan

Abstract

The prognosis of patients with peripheral T-cell lymphoma
(PTCL) treated with cyclophosphamide, adriamycin, vincristine
and prednisone (CHOP) is poor, but their laboratory prognostic

parameters had not previously been evaluated. We retrospectively a
reviewed 55 patients with newly diagnosed PTCL treated with

CHOP from August 1999 to May 2009 at our institution. ‘We
analyzed six laboratory parameters, mcludmg thymidin kinase

end-point. In multivariate analysis, the overall. survwal
5|gn|ﬁcantly worse in patlents with hlgh TK actlwty (hazar

with newly diagnosed PTCL treated w:th CHOP Response
CHOP treatment lS sngnlﬁcantly decrea )

approaches, prognosticatiorff“

Introduction

Chemotherapy for peripheral T-cell lymphoma (PTCL) has
never been established, although we commonly use CHOP
(cyclophosphamide, adriamycin, vincristine and predni-
sone), similar to the chemotherapy used for aggressive non-
Hodgkin lymphomas such as diffuse large B-cell lymphoma
(DLBCL). The 5-year overall survival rate is about 30% when
CHOP is administered for the treatment of PTCL [1].

The most valuable prognostic factor for PTCL is the his-
tology. Peripheral T-cell lymphoma, not otherwise specified
(PTCL-NOS), angioimmunoblastic T-cell lymphoma (AITL)
and anaplastic large cell lymphoma (ALCL) are major sub-
types, representing more than 40% of PTCLs in Asia. The
5-year overall survival rates for ALK-positive ALCL, ALK-
negative ALCL, PTCL-NOS and AITL are 70%, 49%, 32% and
32%, respectively [1]. Thus, the outcome of PTCL (excluding

ALK—posmve ALCL) 1s much poorer than that of DLBCL [1].
In previous studles, several laboratory parameters have been
reported as prognostlc factors for PTCL [2 10]. PTCLs are a

IB 1 mdex, in order to evaluate overall survival among

; patlents with PTCL NOS, AITL and ALCL treated with CHOP.

‘ panents were enrolled in a retrospective single-center
study at the Cancer Institute Hospital, Japanese Foundation
for Cancer Research.

_,M'é:terials and methods

~ Patients

We retrospectively reviewed patients with PTCL newly
diagnosed at our institution between August 1999 and May
2009. Subtypes PTCL-NOS, AITL and ALCL were included.
All cases of ACLC expressed CD30; cutaneous ALCL was not
included. All pathological specimens were reviewed by one
hematopathologist. This study was approved by the Inde-
pendent Ethics Committee/Institutional Review Board at
our institution. Patients provided written informed consent
before entering the study, which was performed in accor-
dance with the Declaration of Helsinki.

Treatment and assessment of response

All patients received CHOP (cyclophosphamide, 750 mg/m?,
day 1; vincristine, 1.4 mg/m?, day 1; doxorubicin, 50 mg/m?,
day 1; prednisone, 60 mg/m?, days 1-5) as induction therapy.
We typically administered six cycles of CHOP for PTCL. Three
patients received radiotherapy after CHOP. We performed
up-front autologous stem cell transplant (ASCT) for patients

Correspondence: Dr. Kiyohiko Hatake, Cancer Institute Hospital, Medical Hematology/Oncology, 3-8-31 Ariake, Koto-ku, Tokyo 135-8550, Japan.

E-mail: khatake@jfcr.or.jp
Received 8 July 2011; revised 19 October 2011; accepted 21 October 2011

BIGHTS iR



850 K. Suzukietal.

with the following parameters: international prognostic
index (IPI) 3 or more, prognostic index for PTCL-unspecified
(PIT) 2 or more; cytotoxic phenotype positive and CD56
positive [2,3].

Evaluations were carried out using the following crite-
ria. Complete remission was defined as the disappearance
of all clinical evidence of lymphoma, with no persisting
disease-related symptoms. Partial response was defined as a
decrease greater than 50% in the sum of the products of the
two longest diameters of all measurable lesions, and non-
measurable lesions had to decrease by at least 50%. Progres-
sive disease was defined as any increase greater than 25% in
the sum of the diameters of any measurable lesions or the
appearance of new lesions. Stable disease was considered to
be any condition intermediate between partial response and
progressive disease.

Prognostic factors

The following parameters were recorded and evaluated for
prognosis: serum TK activity, serum sIL-2R level, serum }2M
level, serum LDH level, serum CRP level, serum hemoglobin
(Hb) concentration and MIB-1 index, as determined using
an immunohistochemical technique in archival paraffin-
embedded sections. All serum assays were performed on
fresh samples before CHOP therapy. The TK assay was per-
formed using a conventional radioenzyme assay at Special
Reference Laboratories, Inc. (Japan) [4]. MIB-1 scoring was
assessed according to the rate of tumor cells immunohis-
tochemically positive for MIB-1 by semi-quantitative analy-
sis [5,6]. The upper normal limits of serum TK activity and
sIL-2R level are 5 IU/L and 519 IU/mL, respectively. The
lower normal limit of serum Hb is 12.5 g/dL among males
and 11.0 g/dL among females, respectively. We also analyzed
other, well-established prognostic factors: age over 60 years,
stage of disease more than II, performance status more than
1 and histologic subtype of disease (PTCL-NOS vs. AITL vs.
ALCL). Performance status was determined according to the
Eastern Cooperative Oncology Group (ECOG) score.

Statistical analysis

The primary end-point was the evaluation of laboratory
parameters that predicted poor overall survival among
patients with PTCL treated with CHOP. First, univariate
analysis was performed for each of the parameters indi-
cated above in order to classify patients with high-risk PTCL.
Actuarial survival analysis was performed using the method
described by Kaplan and Meier, and curves were compared
by log-rank test. All prognostic variables were considered for
multivariate analysis for survival. The latter was performed
by Cox regression analysis. The poor prognostic significance
of laboratory parameters was assessed relative to the well-
established prognostic factors by Coxregression. Second, cor-
relations between the overall response rate (partial response
plus complete remission rate) with CHOP and laboratory
parameters were assessed using the % test and Fisher’s exact
test. Finally, we analyzed the correlation between TK activity
and other parameters using Pearson’s product moment cor-
relation coefficient in order to determine whether high TK
activity predicted poor outcome independently. All p-values

reported are two-sided, and statistical significance was
defined as p < 0.05. Statistical analyses were computed using
SPSS statistical software (SPSS, Inc., Chicago, IL).

Results

Patients and treatment

Fifty-five patients with newly diagnosed PTCL were entered
into this study. The main characteristics are shown in Table I.
The median age of the study patients was 57.3 years (range,
16.5-81.8). Diseases were 30 PTCL-NOS (54.5%), 13 AITL
(23.6%) and 12 ALCL (21.8%). Median TK activity was 23
IU/L (range, 8-340 IU/L), median sIL-2R level was 2065 IU/
mL (range, 446-54 400 IU/mL), median B2M level was 2.36
mg/dL (range, 0.99-10.21 mg/dL), median LDH level was
226 IU/L (range, 136-1018 IU/L) and median CRP level was
0.7 IU/L (range, 0.1-12.3 IU/L). The percentages of patients
with MIB-1 index 30% or less and over 30% were 50% each.
The median number of cycles of CHOP was six (range, 1-9).
Three patients received radiotherapy after three cycles of
CHOP. Two of these patients, diagnosed as having PTCL-
NOS and AILT with limited disease, received radiotherapy
after three cycles of CHOP. The other patient, diagnosed as
having ALCL, received radiotherapy for residual disease after
six cycles of CHOP. Nine patients received ASCT as salvage
therapy. Four patients received up-front ASCT.

Response and survival
Among the 55 patients, 19 patients achieved a complete

remission, 15 patients achieved a partial response and 12

Table I. Patient characteristics.

Patients (n = 55)
n %

Age (years) 57.3(16.5-81.8)
Gender
Male 37 67.30
Female 18 32.70
Histology
PTCL-NOS 30 54.50
AITL 13 23.60
ALCL 12 21.80
Performance status
0,1 44 89.80
2,3,4 5 10.20
Ann Arbor clinical stage
/11 17 31.50
II/1v 37 68.50
1P
0,1,2 33 73.30
3,4 12 26.70
PIT
0,1 35 76.10
2,3,4 11 23.90
TK activity (TU/L) 23 (8-340)
SIL-2R (IU/mL) 2065 (446-54 400)
B2M (mg/dL) 2.36(0.99-10.21)
LDH (IU/L) 226 (136-1018)
CRP (IU/L) 0.7 (0.1-12.3)
MIB-1 index (%)
0-30 12 50.00
31-90 12 50.00

PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified; AITL,
angioimmunoblastic T-cell lymphoma; ALCL, ALK-negative anaplastic large cell
lymphoma; IP], international prognostic index; PIT, prognostic index for PTCL-
unspecified; TK, thymidine kinase; sIL-2R, soluble interleukin-2 receptor; 32M,
B,-microglobulin; LDH, lactate dehydrogenase; CRP, C-reactive protein.
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had progressive disease. The complete remission rate and
the overall response rate were 34.5% and 61.8%, respectively.
Five patients could not continue CHOP because of adverse
events, including severe pneumonia, herpes zoster and
hyperglycemia. The median follow-up time for all patients
was 24.3 months. Median overall survival and progression-
free survival were 49.7 months (95% confidence interval [CI]
17.7-81.7 months) and 9.1 months (95% CI 1.8-16.4 months),
respectively.

Prognostic factors

The analysis of prognostic factors influencing overall survival
is shown in Table II. The overall survival was significantly
worse in patients with the following prognostic factors: TK
activity over 25 IU/L (p = 0.048), serum LDH level above
the upper normal limit (p = 0.018), serum CRP level above
the upper normal limit (p=0.013) and MIB-1 index over
30% (p=0.011) according to univariate analysis. Serum
sIL-2R level over 3000 U/mL tended to predict poor survival
(p=0.060). Moreover, in multivariate analysis, the overall
survival was significantly worse in patients with high TK
activity (hazard ratio 34.8, 95% CI 1.03-1176.23; p= 0.048).
Further, multivariate analysis for prognostic factors among
high TK activity and well-established prognostic factors
demonstrated that high TK activity was an independent
prognostic factor for overall survival (hazard ratio 3.204, 95%
CI 1.07-9.62; p = 0.038).

Correlations between response with CHOP

and prognostic factors

Correlations between response with CHOP and prognostic
factors are shown in Table III. The overall response rates
among patients with high TK activity and high serum LDH
level were 21.4% and 41.7%, respectively. High TK activity and
high serum LDH level predicted a poor response (p = 0.001
and 0.004). The achievement of a partial response/complete
remission with CHOP significantly predicted good survival
among all patients with PTCL (p = 0.000); median overall
survival was 56.4 months (95% CI 27.7-85.2; Figure 1). How-
ever, the achievement of a partial response/complete remis-
sion with CHOP did not significantly predict good survival
among patients with high TK activity and high serum LDH
level, respectively (p = 0.071 and 0.089).

Correlations between TK activity and other parameters

According to Pearson’s product moment correlation coef-
ficient, the closer is the r-value to 1.00, the stronger is the
correlation. There was strong correlation between TK
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activity and sIL-2R (correlation coefficient, 7 = 0.795). There
was moderate correlation between TK activity and the fol-
lowing parameters: B2M (r=0.382), LDH (r= 0.448), CRP
(r=0.683), age (r=0.492), performance status (r=0.457)
and histologic subtype (r=0.340). Finally, there was little
correlation between TK activity and the following param-
eters: MIB-1 index (r= 0.315), clinical stage (r= 0.179) and
Hb (r=0.170), respectively.

Discussion

This study suggested that overall survival was significantly
worsened in patients with high TK activity, and that the
response with CHOP became significantly worse in patients
with high TK activity. PTCL is a heterogeneous group of neo-
plasms that behave aggressively and lead to a poor outcome.
For patients with PCTL, it is necessary to use prognostic fac-
tors to select the best treatment. In previous studies, reported
prognostic factors have included age, Ann Arbor stage, B
symptoms, serum LDH level [2-7], serum B2M level [7-9],
sIL-2R level [10], MIB-1 index [11-13], IPI [2] and PIT [3].

TK is a cellular enzyme known to be involved in a salvage
pathway for DNA synthesis [14]. Mammalian cells contain
at least two TK isoenzymes, differing in their biochemical
properties and their cellular distribution [15]. TK1 is found
in only the G1/8 phase of dividing cells [16,17]. TK1 accounts
for about 95% of the serum TK activity in most normal and
pathologic situations. The mitochondrial isozyme TK2
remains stable throughout the cell cycle. High TK activity has
been reported as an aggressive parameter among patients
with Hodgkin lymphoma, non-Hodgkin lymphoma, mul-
tiple myeloma, chronic lymphocytic leukemia and acute
myeloid/lymphoblastic leukemia [18]. Especially in chronic
Iymphoblastic leukemia and indolent lymphoma, TK activ-
ity correlates with the disease stage and provides prognostic
information on overall survival and progression-free survival
[19-21]. TK activityin chroniclymphocyticleukemiaisrelated
to tumor mass and rate of tumor cell proliferation, because
the serum TK level correlates with proliferative activity [22].
The proportion of S-phase cells detectable in tumor biopsies
has been found to correlate with serum TK level, but not with
B2M level [23].

A high serum sIL-2R level is seen in several diseases:
malignant neoplasms, autoimmune disorders and infections.
Mature T-cells respond to stimulation by antigens, and IL-2
promotes the growth of T-cells bearing IL-2R [24]. Membrane-
bound IL-2R is present on all normal activated T-cells [25].
IL-2R consists of three chains: ¢, B and . The o chain appears

Table II. Univariate and multivariate analyses of laboratory parameters that influence overall survival.

Factor Cut-off Univariate Multivariate Hazard ratio

TK activity >25IU/L 0.048 0.048 34.801 (1.030-1176.233)
sIL-2R >3000IU/mL 0.06 0.05 0.086 (0.007-0.996)
p2M >UNL 0.259 0.854 0.785 (0.060-10.342)
LDH >UNL 0.018 0.314 0.137 (0.003-6.565)
CRP >UNL 0.013 0.173 3.695 (0.563-24.237)
Anemia 0.642 0.34 6.775 (0.133-343.938)
MIB-1 index =30% 0.011 0.101 4.826 (0.737-31.597)

TK, thymidine kinase; sIL-2R, soluble interleukin-2 receptor; 32M, Bz-microglobulin; LDH, lactate dehydrogenase; CRP, C-reactive protein; Hb, hemoglobin; UNL,

upper normal limit; LNL, lower normal limit.
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Table III. Relationship of laboratory parameters to complete remission
rate and overall response rate with CHOP.

Complete Overall
Median remission response

Factor cycles rate (%) rate (%) p-Value
All patients 6(1-9) 34.50 61.80

TK activity 4(1-6) 7.10 21.40 0.001
sIL-2R 4.5(1-9) 10.50 52.60 0.247
Bam 6(1-9) 26.70 53.30 0.161
LDH 4(1-9) 20.80 41.70 0.004
CRP 6 (1-9) 33.30 59.20 0.445
MIB-1 index 5(1-8) 27.20 54.50 0.593

TK, thymidine kinase; sIL-2R, soluble interleukin-2 receptor; B2M, B,-
microglobulin; LDH, lactate dehydrogenase; CRP, C-reactive protein.

on the surface of the T-cell when it is activated, separates from
the cell, and exists as a soluble form in the serum. It has been
demonstrated that IL-2R is released from the cell surface in
a soluble form (sIL-2R) under particular conditions both
in vitro and in vivo [26]. A high serum sIL-2R level reflects an
elevated activity of T-cells in the patient’s cellular immunity.
It is impossible to know whether malignant or normal acti-
vated T-cells produce sIL-2R, because both cell types have
the capacity to release sIL-2R into the serum. Activated T-cells
produce sIL-2R in B-cell and T-cell lymphomas. The serum
sIL-2R level reflects the prognosis more obviously in patients
with PTCL than B-cell lymphoma because both activated
T-cell and lymphoma cells produce sIL-2R in PTCL [10].

A high serum 2M level is known to be an adverse prog-
nostic factor in lymphoproliferative diseases, being directly
related to malignant tumor burden [27], but it also keeps its
adverse prognostic role when other causes, such asrenal dys-
function, are the origin of the raised levels. The $2M level has
independent prognostic value in aggressive non-Hodgkin
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Figure 1. Overall survival curves for all patients with PTCL according
to response after CHOP: complete remission plus partial response
(CR/PR; n=34) and stable disease plus progressive disease (SD/PD;
n=20).

lymphomas [7-9,28]. Moreover, normal active T-cells pro-
duce B2M.

Serum LDH represents a surrogate quantitative measure
for tumor burden. A high serum LDH level is correlated
with the progression of disease in non-Hodgkin lymphoma
[29,30]. Combined serum LDH and B2M provide a reliable
serologic system for predicting freedom from relapse and
survival in large-cell lymphoma. Moreover, elevations in
both serum LDH and B2M levels predict shortened remis-
sion and survival [7].

CRP is a member of the class of acute-phase reactants, as
its level rises dramatically during inflammatory processes
occurring in the body. Elevation of serum CRP is due to arise
in the plasma concentration of interleukin-6, which is pro-
duced predominantly by macrophages as well as adipocytes.
Interleukin-6 is a potent lymphoid growth and differentiation
cytokine that is produced by various types of cells, including
benign and malignant B and T lymphocytes. Interleukin-6 is
implicated in the pathogenesis of several lymphoproliferative
disorders, and is reported as an independent prognostic fac-
tor for complete remission and failure-free survival among
diffuse large-cell lymphomas {31,32]. CRP was reported to be
one of the factors strongly correlated with Ann Arbor clinical
stage [33].

MIB-1 is alternatively called Ki-67, which is one of the
antigens expressed in patients with leukemia. MIB-1 is found
throughout the cell cycle, and hence an elevated MIB-1
index shows that lymphoma cells are “in cycle” [8-10]. Cell
proliferative fraction as determined by S-phase percentage
or immunocytochemistry influences the outcome in both
indolent and aggressive lymphomas [13,34]. A high prolifera-
tive fraction as defined by expression of the nuclear prolifera-
tion antigen Ki-67 identifies patients at risk for early relapse
and short survival among those with diffuse large B-cell
lymphoma [34].

We demonstrated that TK activity correlated with several
parameters. TK activity, sIL-2R, f2M, LDH and CRP are bio-
logical parameters that indicate a high tumor burden and
proliferative function. On the other hand, there was mod-
erate correlation between TK activity and well-established
prognostic factors: age, performance status and histologic
subtype. However, TK activity did not correlate strongly with
these well-established prognostic factors: three correlation
coefficients were less than 0.70.

We also showed that high TK activity significantly influ-
enced overall survival among patients with newly diagnosed
PTCL treated with CHOP. Further, high TK activity signifi-
cantly predicted a poor response with CHOP. Moreover, hav-
ing a partial response/complete remission with CHOP did
not improve the overall survival among patients with PTCL
with high TK activity. Thus, we consider that patients with
PTCL with high TK activity are relapsed after or refractory
to CHOP when more lymphoma cells are in the G1/S phase,
because high TK activity correlates with the number of divid-
ing cells in G1/S phase.

The most commonly used regimen is CHOP or its varia-
tions. However, while the outcome with CHOP is inadequate,
there are few previous data relating to a preferred alternative
strategy. In onereport, the majority of patients with aggressive
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T-cell lymphoma received a regimen containing anthracy-
cline, but they did not benefit from the use of this regimen
over one without anthracycline [1]. More intensive regimens
such as ACVBP (adriamycin, cyclophosphamide, vincristine,
bleomycin and prednisone) and CyclOBEAP (cyclophos-
phamide, vincristine, etoposide, bleomycin, adriamycin
and prednisone) appear effective against aggressive T-cell
lymphomas [35,36].

We consider antimetabolite agents to be effective against
PTCL with high TK activity because they attack lymphoma
cells specifically in the G1/S phase. HyperCVAD/MA (cyclo-
phosphamide, adriamycin, vincristine and dexamethasone
plus cytarabine and methotrexate) has not shown a clear
benefit in PTCL retrospectively [37]. However, some groups
have reported that gemcitabine-containing regimens such
as CHOP-EG (cyclophosphamide, adriamycin, vincristine,
prednisone, etoposide and gemcitabine) therapy and GEM-P
(gemcitabine, cisplatin and methyprednisolone) therapy, as
well as pralatraxate, were effective against T-cell lymphomas
[38-41].

In conclusion, high TK activity significantly worsens
overall survival among patients with newly diagnosed PTCL
treated with CHOP. While we commonly employ CHOP for
the treatment of PTCL, we have demonstrated that the over-
all survival becomes significantly worse in patients who do
not achieve a partial response with CHOP. Moreover, the
response with CHOP is significantly decreased in patients
with high TK activity and does not improve the overall sur-
vival among patients with PTCL with high TK activity. The
appropriate induction therapy should be selected according
to prognostic factors. We suggest that regimens containing
antimetabolite agents be employed as induction therapy for
patients with PTCL with high TK activity.
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Objective: No standard treatment has been established for poorly differentiated neuroendo-
crine carcinoma; the usual recommended treatment is based on the strategy for small cell
lung carcinoma. The aim of this study was to evaluate the response of poorly differentiated
neuroendocrine carcinoma to the combination of irinotecan and cisplatin in one institution.
Methods: We retrospectively reviewed 50 poorly differentiated neuroendocrine carcinoma
patients treated from September 2005 to April 2011 in our institution. Patients were divided
into two stages: limited disease or extensive disease. Forty-four patients received the combin-
ation chemotherapy of irinotecan and cisplatin, consisting of 4-week cycles of 60 mg/m? irino-
tecan on days 1, 8, 15 and 60 mg/m? cisplatin on day 1.

Results and conclusion: Median age was 60 years. Median follow-up time was 11.4 months.
Overall survival did not reach the median, and 1-year overall survival was 67%. The response
rate was 50% (64% at first line), and progression-free survival was 4.8 months (7.3 months at
first line). Grade 3—4 hematologic adverse events were seen in 29 patients (66%) and Grade
3—4 non-hematologic adverse events were seen in 20 patients (45%), but no patients died of
adverse events. Multivariate analysis showed a statistically significant relationship with neuron-
specific enolase elevation and poor overall survival (P = 0.016, hazard ratio 6.261, 95% confi-
dence interval). The combination chemotherapy of irinotecan and cisplatin is moderately ef-
fective and feasible, and it should be considered as a treatment option for poorly differentiated
neuroendocrine carcinoma.

Key words: neuroendocrine carcinoma — extrapulmonary small cell carcinoma — irinotecan —
cisplatin

INTRODUCTION

carcinoma (PDNEC) patients, it is poor. PDNEC arises from
almost all organs and some components are similar to small

Neuroendocrine carcinomas are components of neoplasms
that have immunohistochemical staining characteristics
(chromogranin A, synaptophysin and CD56/NCAM) or ultra-
structural features (neurosecretory granules). Prognoses of
neuroendocrine carcinoma patients are various, and for some
of them, especially poorly differentiated neuroendocrine

cell lung carcinoma (SCLC) in morphology and are called
extrapulmonary small cell carcinoma (EPSCC). EPSCC was
first described in 1930 by Duguid and Kennedy (1) and
accounts for 0.1-0.4% of all malignancies, and 5% of all
small cell carcinomas (2,3). In lung carcinoma, large cell
carcinomas with neuroendocrine characteristics are called

© The Author 2012. Published by Oxford University Press. All rights reserved.
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large cell neuroendocrine carcinoma (LCNEC) and LCNEC
patients have recently been known to have as poor prognoses
as SCLC patients (4). Other than lung carcinoma, in clinical
practice, PDNEC and EPSCC are usually treated in the same
way. Because of their rarity, however, there has not been
enough clinical data to establish a treatment strategy for
PDNEC patients. The usual recommendation is to use the
same treatment strategy as for SCLC.

For a long time, the standard systemic chemotherapy for
advanced SCLC has been a combination of cisplatin
(CDDP) and etoposide (EP regimen) (5,6). Recently, com-
bined cisplatin and irinotecan (IP regimen) was reported to
be as effective as the EP regimen for SCLC. The aim of this
study was to evaluate the response of PDNEC to the combin-
ation of IP regimen in one institution.

PATIENTS AND METHODS
PATIENTS

We retrospectively evaluated the clinical courses of PDNEC
patients diagnosed and treated between September 2005 and
April 2011 in the Cancer Institute Hospital of Japanese
Foundation for Cancer Research, Tokyo.

All patients were diagnosed pathologically. Pathological
diagnosis of PDNEC was based on the 2004 World Health
Organization criteria for lung cancer (7), including criteria
for SCLC and LCNEC. In order to assist the pathological
diagnosis, immunohistochemistry was performed using the
antibodies for neuroendocrine markers including synapto-
physin, chromogranin A and NCAM/CD56. At least one of
the neuroendocrine markers had to be positive in diagnosing
PDNEC. Patients with well-differentiated neuroendocrine
tumors (or carcinoids), Merkel cell tumors, or patients diag-
nosed with a lung primary (SCLC or LCNEC) clinically
were excluded in the current analysis. The primary organ
was evaluated based on both radiological imaging and
immunohistochemistry. Patients with a lung lesion on chest
computed tomography (CT) at diagnosis and positive thyroid
transcription factor-1 (TTF-1) in the specimens who were
diagnosed as lung primary were excluded.

Patients were staged by utilizing a two-stage system based
on that of SCLC (8). Limited disease (LD) was defined as a
tumor localized to the organ of origin and the locoregional
lymph nodes that could easily be encompassed within one
radiation therapy (RT) treatment portal. Extensive disease
(ED) was defined as a tumor spreading beyond one radiation
portal or with any metastatic lesion.

TREATMENT STRATEGIES

The CDDP/ IP regimen consisted of 60 mg/m” IP on days 1,
8, 15 and 60 mg/m? CDDP on day 1 every 4 weeks, with ad-
equate hydration and antiemetic drugs as for SCLC studies
(4). On day 8 or 15, if severe hematologic or non-

hematologic toxicities were present, IP was not administered.
If the leukocyte level fell below 2000/mm? or the neutrophil
level fell below 1000/mm?, recombinant human granulocyte
colony-stimulating factor was administered until the leuko-
cyte or neutrophil count was restored.

The IP regimen was repeated until disease progression,
patient refusal or unacceptable toxicity occurred. If Grade
3—4 non-hematological toxicity or prolonged Grade 4 hema-
tological toxicity occurred, the dose of CDDP and IP was
reduced to 80%. After completion, additional locoregional
therapy or palliative therapies were performed if appropriate.
Prophylactic cranial irradiation was not performed.

EVALUATION

For measurable disease, responses were evaluated using CT
and magnetic resonance imaging according to the response
evaluation criteria in solid tumors, version 1.1. The National
Center Institute Common Terminology Criteria for Adverse
Events (version 4.0) was used to evaluate toxicity. Using the
Kaplan—Meier method, the progression-free survival (PFS)
and overall survival (OS) were calculated from the start of
the IP regimen to the disease progression and death, respect-
ively. Prognostic factors for OS were compared using a
log-rank test and the Cox proportional hazards model (9,10).
All statistical tests were two sided.

RESULTS
PATIENTS

Between September 2005 and April 2011, 50 patients were
diagnosed with PDNEC in the study institution and 44 were
treated with the IP regimen. Six patients never received IP
chemotherapy in their clinical courses. Of those, two patients
with LD stage of head and neck origin were treated with
concurrent chemoradiotherapy with CDDP, according to the
treatment strategy for squamous cell head and neck carcin-
oma (11). Two patients were treated with multimodal
therapy including surgery, radiotherapy and chemotherapy
other than the IP regimen. The remaining two patients died
without receiving any therapy because of aggressive
progression.

There were 26 males and 18 females. The median age at
diagnosis was 60 years (range: 26—80). The primary sites
were as follows: 9 gastrointestinal, 18 head and neck, 4
urinary tract, 1 gynecologic organ and 12 unknown primary
origins. Eight patients had lung metastases, 15 patients had
bone metastases and 13 patients had liver metastases at diag-
nosis. Fourteen patients had LD, whereas 30 had ED.
Although these 14 LD patients were considered for locore-
gional therapy before the IP regimen, neither the surgical
treatment nor the curative radiation therapy was performed
because of local invasion. All these patient characteristics
are summarized in Table 1.
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Table 1. Continued

Characteristics No. (%) Characteristics No. (%)
Age Not done 1 2
Median 60 Chromogranin A + 30 68
Range 26—-80 Chromogranin A — 11 25
Gender Not done 3 7
Male 26 59 CD56/NCAM + 37 84
Female 18 41 CD56/NCAM — 5 11
Smoking Not done 2 5
Smoker 20 45 TTF-1 + 8 18
Non-smoker 19 43 TTF-1 — 28 64
Unknown 5 11 Not done 8 18
Clinical stage Total 44
Limited disease 14 32
Extensive disease 30 68 NSE, neuron-specific enolase; TTF-1, thyroid transcription factor-1.
Performance status IMMUNOHISTOCHEMICAL RESULTS FOR PDNEC
0 4 > Synaptophysin was evaluated in 43 patients and shown to be
! 1 25 positive in 39 patients (91%), chromogranin A was positive
22 2 5 in 30 patients out of 41 patients evaluated (73%) and CD56/
Unknown 7 16 NCAM was positive in 37 patients out of 42 patients evalu-
Pre-treatment ated (88%). TTF-1 was also evaluated in 36 patients and
Previously untreated 8 64 tumors of 8 patients were p(?sitive. TTF-1 is usually used for
Surgery ; 6 a'patholo.glcal nrfarker of primary lung cancer, but all of the
eight patients with TTF-1 immunoreactivity proved to have
Radiotherapy 7 16 no lung lesions closely examined by chest CT at diagnosis.
Chemotherapy 9 20 Therefore, they were regarded as extrapulmonary tumors
Primary site clinically.
Gastrointestinal tract 9 20
Head and neck 18 41
Urinary tract 4 9 TREATMENT
Gynecologic organ ! 2 Forty-four patients received chemotherapy with the IP
Unknown origin 12 28 regimen. Among these patients, 28 patients were treated
Metastatic site with IP as a first-line therapy, whereas 16 patients
Lung 8 18 received one or more therapies (surgery, radiation therapy
Bone 15 34 and/or other chemotherapy regimens) before IP. As for
Liver 13 30 chemotherapy, 35 patients were chemo-naive and 9
patients had a history of systemic chemotherapy. After the
Serum tumor marker . . . . .
IP regimen, 30 patients received other curative or pallia-
NSE (>UNL) 3 70 tive therapies, including radiotherapy for 15 patients, sur-
NSE (<UNL) 11 25 gical operation for 5 and salvage chemotherapy for 18.
Not done 3 7 There were 16 patients who received therapies with cura-
Pro-GRP (>UNL) 12 27 tive intent after the IP regimen, radiotherapy for 11, sur-
Pro-GRP (<UNL) 20 45 gical operation for 3 and other chemotherapy for 3
patients; 5 patients relapsed after curative therapies. In 14
Not done 12 27 . . . . .
LD patients, 8 patients received curative therapies and 3
Pathological marker patients relapsed. The other 14 patients received palliative
Synaptophysin + 39 89 therapies after progression. Salvage chemotherapy regi-
Synaptophysin — 4 9 mens consisted of IP monotherapy, amrubicin, S-1, com-
Contimued  01n€d carboplatin and paclitaxel, and combined cisplatin

and EP.
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THE RESPONSE AND OUTCOME OF THE PATIENTS WHO UNDERWENT
IP REGIMEN

At the time of analysis, 30 patients had progressed after the
IP regimen and 19 patients had died of disease. Median
treatment cycles of IP regimen were 3 (range: 1—8). The
overall response rate to the IP regimen was 50%, with 3
patients (7%) achieving complete response (CR; Table 2). In
patients receiving the IP regimen as first-line therapy, the re-
sponse rate was 64%, whereas in patients receiving other
therapies before IP regimen, the response rate was 25%.

The median follow-up time was 11.4 months (range: 1.2—
46.9 months). The median PFS of the IP regimen chemotherapy
was 4.8, and median OS was not reached (Fig. 1A and B). The
1-year, 2-year and 3-year survival rates were 67, 42 and 21%, re-
spectively. Although LD patients tended to have a better PFS
and OS, there was no statistical significance for either of them
(Fig. 1C and D). Median PFS for patients receiving the IP
regimen as first-line chemotherapy was 7.3 months, whereas the
median PFS was 3.6 months for patients who had already
received any other chemotherapy before the IP regimen; there
was a significant difference (P = 0.003). However, no statistical
significance was shown for the OS by the log-rank test
(P = 0.848; Fig. 2A and B). No significant difference was seen
among the primary organs of PDNEC. :

ToxiciTy

The major adverse events of IP therapy are shown in
Table 3. Grade 3 or 4 hematological adverse events were

Table 2. Response of the irinotecan (IP) regimen

seen in 29 patients (66%), most of them being leukocyto-
penia or neutropenia. Grade 3 or 4 non-hematological
adverse events were seen in 20 patients (45%).
Hyponatremia was the most frequently seen severe non-
hematological adverse event (18%). Although 18 patients
(41%) needed to reduce the treatment dose and 2 patients
had to discontinue the IP due to adverse events, no
therapy-related death was seen in this treatment period.
One patient discontinued the IP regimen because of a
Grade 2 skin eruption that occurred after every infusion
of IP. The other patient suffered from febrile neutropenia
and septic shock during the first course of the IP
regimen.

ProgNosTic FACTOR

Finally, we examined the prognostic factors of the IP
regimen for these patients. Old age (>60 year old), poor
ECOG PS (>1), ED stage, presence of prior chemotherapy,
post-chemotherapy, presence of particular lesions (lung, liver
and bone) and elevation of serum tumor markers [neuron-
specific enolase (NSE) and Pro-GRP] were evaluated in the
univariate analysis. Of them, old age and NSE elevation
were shown to be prognostic factors for poor OS (P = 0.031
and 0.012, respectively, Fig. 2C and D). Multivariate ana-
lysis also showed a statistically significant relationship with
elevation of serum NSE level and poor OS (P = 0.016,
hazard ratio, 6.261, 95% CI: 1.400—27.998).

Patients No. Outcome
OS (months) PES OR (%) CR (%) PR (%)
(months)

All patients 44 16 4.8 22 (50) 3(7) 19 (43)

Clinical stage
Limited disease 14 Not reached 10.7 8(57) 321 5(36)
Extensive disease 30 143 4.5 14 (46) 0(0) 14 (46)
P value (log-rank) 0.237 0.185

Previous therapy
Previous therapy — 28 16 6.4 18 (64) 2(7) 16 (57)
Previous therapy + 16 14.6 42 4 (25) 1(6) 3(19)
P value (log-rank) 0.85 0.041

Primary site
Gastrointestinal tract 9 Not reached 5.1 4 (44) 1(11) 3(33)
Head and neck 18 Not reached 4.2 8 (44) 1 (6) 7 (39)
Urinary tract 4 12.5 14 1(25) 0 (0) 1 (25)
Gynecologic organ 1 16 6.4 0(0) 0 (0) 0(0)
Unknown origin 12 143 10.6 9 (75) 1(8) 8 (67)
P value (log-rank) 0.812 0.055
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Table 3. Toxicities of the IP regimen

Adverse events All grade Grade 3 Grade 4

No. % No. % No. %

Hematologic adverse events

Leukocytopenia 39 89 14 32 5 11
Neutropenia 38 86 15 34 11 25
Anemia 40 91 8 18 3 7
Thrombocytopenia 5 11 0 0 2 5
Non-hematologic adverse events
Nausea 33 75 2 5 0 0
Vomiting 14 32 1 2 0 0
Diarrhea 24 55 4 9 0 0
Constipation 18 41 0 0 0 0
Infection 9 20 6 14 0 0
AST elevation 25 571 20 0
ALT elevation 21 48 1 2 0 0
T-Bil elevation 9 20 1 2 0 0
Creatinine elevation 14 32 0 0 0 0
Hyponatremia 18 41 5 11 3 7
Hyperkalemia 11 25 1 2 0 0
Peripheral neuropathy 6 14 0 0 0 0
Other non-hematologic AE? 14 32 3 7 0 0

?Other non-hematologic AE: tumor lysis syndrome G3 (1), vertigo G3 (1),
sick sinus syndrome G3 (1).

DISCUSSION

Until now, no standard chemotherapeutic regimen has been
established for PDNEC. In this study, our retrospective ana-
lysis demonstrated that the IP regimen was moderately ef-
fective and feasible, suggesting that the IP regimen could be
considered as a treatment option for PDNEC. Noda et al. (5)
reported from the prospective clinical trial for the ED SCLC
patients that the IP regimen showed a better response rate
and a more improved prognosis than the EP regimen.
However, after that, Hanna et al. (6) again compared the IP
regimen with EP in a randomized phase 3 study, which
showed that the IP regimen and EP regimens had almost the
same response, although the doses and schedules used were
different from the previous study. Recently, Jin et al. (12)
reported their clinical experience with cisplatin and IP for 15
EPSCC patients, although the treatment schedule was differ-
ent. In our study, the treatment schedule was the same as
that of Noda’s study.

In general, ED-stage patients have a very poor prognosis.
Haider et al. (13) reported on the prognoses of 101 EPSCC
patients diagnosed in Saskatchewan, Canada, from 1971 to
2002. In their study, the median OS of LD patients was
34 months, much longer than the median OS of ED patients,

which was only 2 months. Moreover, ED-stage PDNEC
patients with unknown primary origin have very poor prog-
noses. Though some case reports showed a long survival of
LD-stage PDNEC patients with unknown primary origin,
median survivals of ED-stage patients with unknown
primary have been less than 1 year (14).

In retrospective studies, a platinum-based regimen and a
doxorubicin-based regimen were used for PDNEC patients
and they showed moderate responses, but long-term progno-
ses are poor (12,15—17). Hainsworth et al. (17) reported
moderate response and OS with a three-drug chemotherapy
regimen (paclitaxel, carboplatin and EP), and our study has
as same response and survival rate as Hainsworth’s study
with a two-drug regimen. In our study, two-thirds of our
patients were ED stage, and PDNEC patients with unknown
primary origin accounted for 24%. The IP regimen is useful
for the ED stage, and/or unknown primary PDNEC patients.

In our study, high serum NSE was shown to be a prognos-
tic factor of poor OS in PDNEC patients receiving the [P
regimen. Serum NSE is known to be a tumor marker of
SCLC, and some investigators have suggested that NSE is
related to the prognosis for SCLC. Shibayama et al. (18)
evaluated the usefulness of Pro-GRP and NSE for the diag-
nosis and prognosis of SCLC and in the SCLC patients re-
ceiving chemotherapy. CR rate in patients with elevated
NSE levels was significantly lower than in patients with
normal levels of NSE (18.5% vs. 61.7%, P < 0.001).
However, whether NSE is related to the prognosis of
PDNEC patients has not yet been evaluated. In earlier
studies, Lin et al. (19) reported favorable prognostic factors
of PDNEC, based on a retrospective analysis of 90 PDNEC
patients; female gender, LD and combined modality treat-
ment are discussed in the article. We found no significant
difference in the prognoses of patients based on gender or
stage. We need to collect and compare more information
about the clinical features and prognoses of PDNEC patients
to identify the best prognostic factors.

In conclusion, the IP regimen can be considered as a good
treatment option for PDNEC patients, especially patients
with unknown primary and ED stage. However, we note that
the response rate and PFS were relatively poor in previously
treated patients. We should pursue a new salvage treatment
option for refractory and relapsed PDNEC in the future.
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Objective: Prognostic predictors for newly diagnosed malignant lymphoma are well known.
However, they have not been compared for patients with recurrent or refractory malignant
lymphoma.

Methods: We retrospectively analyzed biological prognostic predictors for patients with recur-
rent or refractory aggressive lymphoma, such as serum levels of C-reactive protein, lactate
dehydrogenase, hemoglobin, B2-microglobulin and soluble interleukin-2 receptor before
salvage therapy. The primary endpoint was overall survival after salvage treatment. First, uni-
variate and multivariate analyses were performed for each of the parameters, using the log-
rank test and Cox regression analysis, respectively. Secondly, we classified the patients into
three risk groups on the basis of significant poor predictors.

Results: Sixty-three patients, including 41 patients with diffuse large B-cell lymphoma, were
included in this study. Overall survival was significantly worse in patients with elevated
C-reactive protein level (hazard ratio 3.757; P= 0.017), elevated lactate dehydrogenase level
(hazard ratio 3.948; P = 0.010) and anemia (hazard ratio 3.925; P = 0.016) by multivariate
analysis. We classified patients into two groups based on these three biological parameters. The
median overall survival of the high- and low-risk patients was 5.8 and 60.1 months, respectively
(log-rank test; P < 0.001). The overall response rate was significantly higher among the low-risk
patients than among the high-risk patients (71.4 versus 28.6%, P = 0.005). Those results were
similar among all aggressive lymphoma and diffuse large B-cell lymphoma.

Conclusions: Elevated C-reactive protein level, elevated lactate dehydrogenase level and
anemia before salvage treatment predicted poorer outcomes among patients with recurrent
or refractory aggressive lymphoma.

Key words: aggressive lymphoma — prognosis — C-reactive protein — lactase dehydrogenase —
anemia

INTRODUCTION

For patients who have experienced recurrence or are refrac-
tory to induction therapy, we have the choice of salvage che-
motherapies such as ICE (1), DHAP (2), ESHAP (3) and so

on. High-dose chemotherapy followed by autologous hem-
atopoietic stem cell transplantation is the treatment of choice
for patients with recurrent or relapsed aggressive lymphoma
who still respond to salvage therapy (4,5). Recently, the
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Collaborative Trial in Relapsed Aggressive Lymphoma
(CORAL) study published a study comparing the effects of
two well-established salvage regimens, R-ICE and R-DHAP,
followed by autologous hematopoietic stem cell transplant-
ation for relapsed and large B-cell lymphoma in the
Rituximab era (6).

Prognostic predictors for newly diagnosed malignant
lymphoma, such as the International Prognostic Index (IPI)
(7), Revised IPI (R-IPI) (8), Follicular Lymphoma IPI
(FLIPI) (9), Prognostic Index for Peripheral T-cell
Lymphoma (PIT) (10) and International Prognostic Score
(IPS) (11), are well known. Moreover, several prognostic
factors for the outcome of autologous hematopoietic stem
cell transplantation have been described in the literature:
chemotherapy sensitivity before autologous hematopoietic
stem cell transplantation (12), time from diagnosis to relapse
of <12 months (13) and the presence of prognostic factors
at relapse, as defined by the Secondary Age-Adjusted IPI
(saalPI) (14,15). On the other hand, prognostic factors have
not been compared for patients who are eligible and ineli-
gible for autologous hematopoietic stem cell transplantation,
with recurrent or refractory malignant lymphoma.

The purpose of this study was to investigate laboratory
prognostic factors, including serum C-reactive protein (CRP)
level, serum lactate dehydrogenase (LDH) level, hemoglobin
concentration (Hb), serum B2-microglobulin ($2M) level
and serum soluble interleukin-2 receptor (sIL-2R) level
before salvage therapy, in order to evaluate them for overall
survival (OS) among patients with recurrent or relapsed ag-
gressive lymphoma treated with ICE or DHAP with or
without rituximab. All of the patients were enrolled in a
retrospective single-center study at the Cancer Institute
Hospital, Japanese Foundation for Cancer Research.

METHODS
PATIENTS

We retrospectively analyzed patients with recurrent or refrac-
tory malignant lymphoma treated with ICE or DHAP with or
without rituximab as salvage treatment in our institute from
April 2005 to June 2010. All the patients received ICE and
DHAP as the first salvage therapy. Patients were analyzed if
they were older than 18 years with aggressive lymphoma.
Patients were excluded if they had clinically relevant cardiac
disease or positivity for antibodies against HIV-1 or -2. We
define recurrent and refractory disease by Cheson’s criteria
in 1999 (16). They included the following subtypes: 41
diffuse large B-cell lymphoma, 8 peripheral T-cell lymph-
oma not otherwise specified, 6 angioimmunoblastic T-cell
lymphoma, 4 extranodal NK/T lymphoma, nasal-type, 2 ana-
plastic lymphoma kinase-negative anaplastic large-cell
lymphoma and 2 follicular lymphoma, grade 3b. Two
patients was transformed B-cell lymphoma from follicular
lymphoma, and extranodal marzinal zone lymphoma of
mucosa-associated lymphoid tissue. All pathological

specimens were diagnosed by hematopathologists in our in-
stitute. This study was approved by the Independent Ethics
Committees/Institutional Review Boards in our institute.
Patients provided written informed consent before entering
the study, which was carried out in accordance with the
Declaration of Helsinki.

TREATMENT AND ASSESSMENT OF RESPONSE

The patients received ICE (ifosfamide, 1700 mg/m?, Days
1-3; carboplatin, area under the curve = 5, Day 1; etopo-
side, 100 mg/m?, Days 1-3) or DHAP (dexamethasone,
40 mg/body, Days 1—4; cytarabine, 2 g/m?, Day 2; cisplatin,
100 mg/m?, Day 1) as a salvage therapy. The dose of cytara-
bine is approved up to 2 g/m? in Japan. We added rituximab
(375 mg/m®) when CD20 was positive histologically.
Patients who were 65 years or younger without coexisting
comorbidities and who had achieved complete remission or
a partial response after three cycles of salvage therapy
received high MEC (carboplatin, 320 mg/m?, Days 1—4; eto-
poside, 160 mg/m?, Days 1—4; melphalan, 70 mg/m?, Days
5—6). Peripheral blood stem cells were infused on Day 0, at
least 24 h after completion of high MEC. Patients who did
not achieve complete response or partial response after the
salvage therapy were approved to receive other salvage ther-
apies, such as ICE, DHAP, hyper-CVAD (cyclophospha-
mide, vincristine, adriamycin, dexamethasone, methotrexate
and cytarabine), low-dose etoposide, irinotecan and allogen-
eic hematopoietic stem cell transplantation.

Evaluations were carried out on the following criteria.
Complete remission was defined as the disappearance of all
clinical evidence of lymphoma, with no persisting disease-
related symptoms. Partial response was defined as a decrease
>50% in the sum of the products of the two longest
diameters of all measurable lesions and non-measurable
lesions had to decrease by at least 50%. Progressive disease
was defined as any increase >50% in the sum of the dia-
meters of any measurable lesions or the appearance of new
lesions. Stable disease was considered to be any condition
intermediate between partial response and progressive
disease (16).

ProGNosTIC FACTORS

The following parameters were recorded and evaluated for
prognosis: serum CRP level, serum LDH level, Hb, serum
B2M level and serum sIL-2R level before salvage therapy.
The cut-offs of CRP, LDH and B2M levels were defined
with upper normal limits, and that of Hb was defined with a
lower normal limit. The cut-off of sIL-2R was defined as
1000 TU/1. Moreover, we analyzed other, well-established
prognostic factors: age >60 years, stage of the disease
beyond II, performance status >1, IPI >2 and interval from
induction therapy to salvage therapy within 1 year. The
disease stage was determined according to the Ann Arbor
classification, and the performance status was determined



according to the Eastern Cooperative Oncology Group
(ECOG) score.

STATISTICAL ANALYSIS

The primary endpoint was to evaluate laboratory parameters
that would predict poor OS after salvage treatments were
started. First, univariate analysis was performed for each of
the parameters indicated above. Actuarial survival analysis
was performed by the method described by Kaplan and
Meier, and the curves were compared by the log-rank test.
All prognostic variables were considered for the multivariate
analysis for survival. The latter was performed by Cox re-
gression analysis. Secondly, we classified the patients into
three risk groups due to significant poor predictors from the
laboratory parameters. Actuarial survival analysis among the
two risk groups was performed by the method described
by Kaplan and Meier, and the curves were compared by
log-rank test. Moreover, we analyzed prognostic factors
between significant poor predictors from the laboratory para-
meters and well-established prognostic factors, such as
disease status, performance status, international index and
interval from induction therapy to salvage therapy, by Cox
regression analysis. Secondly, correlations between partial
response plus complete remission rate by salvage therapies
and the laboratory parameters were assessed by the x” test
and Fisher’s exact test. Finally, we analyzed the correlation
between the five laboratory parameters by Pearson’s
product—moment correlation coefficient in order to know
whether the significant risk factors predicted poor outcome
independently. All P-values reported were two-sided, and
statistical significance was defined as P < 0.05. The statistic-
al analyses were performed with the SPSS statistical software
(SPSS, Inc., Chicago, IL, USA).

RESULTS
PATIENTS AND TREATMENT

Sixty-three patients with recurrent or refractory malignant
lymphoma were enrolled into this study; of which, 46 had re-
current lymphoma and 17 had refractory lymphoma. The
main patient characteristics are shown in Table 1. The
median age of the patients in this study was 59.5 years
(range, 26.9—76.1 years). As induction therapy, 39 received
R-CHOP, 16 had CHOP, 3 had EPOCH, 2 had DeVIC plus
radiation therapy, 1 had high-CHOP, 1 had radiation therapy
and 1 was unknown. The levels of laboratory factors are
shown in Table 2. The median levels of CRP, LDH, Hb,
B2M and sIL-2R were 0.3 IU/1 (range, 0.1-26.7 IU/1),
258 1U/1 (range, 130—-65101U/1), 11.8 g/l (5.0—-15.8 g/1),
2.08 TU/1 (range, 1.21—-4.441U/1) and 984 1U/1 (range,
296—7840 1U/1), respectively. Fifty and 13 patients received
ICE and DHAP as a salvage therapy, respectively. The
median number of cycles of ICE and DHAP were
three (range, 1—4) and two (range, 1--3), respectively.
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Table 1. Patient characteristics

Patients (n = 63)

Number Percentage

Age 59.5 (26.9-76.1) year
Gender

Male 38 60.3

Female 25 39.7
Performance status

0,1 45 88.2

2,3,4 6 11.8
Histological subtypes

DLBCL 41 65.1

Non-DLBCL 22 349
Ann Arbor clinical stage

v 20 317

517iAY 43 68.3
IPI

0,1,2 30 51.8

345 28 48.2
Induction therapy

CHOP + R 55 87.3

Others 8 12.7
Interval from induction therapy to salvage therapy

Under 1 year® 38 60.3

Above 1 year 25 39.7

DLBCL, diffuse large B-cell lymphoma; IPI, International Prognostic Index
score; CHOP, cyclophosphamide, doxorbicin, vincristine and predonisone;
R, rituximab; ABVD, doxorubicin, bleomycin, vinbrastine and dacarbazine.
“Including patients not achieving complete response after the first-line
therapy.

Table 2. Laboratory factors

Factors ~ Median level Cut-off Number  Percent
CRP 0.3 (0.1-26.7) IUN >unl 25 39.7
<unl 38 60.3
LDH 258 (130—6510) U/ >unl 36 57.1
<unl 27 42.9
Hb 11.8 (5.0-15.8) g/dl Anemia 34 54.0
No-anemia 29 46.0
g2M 2.08 (1.21—-4.44) mg/dl ~ >unl 30 54.5
<unl 25 455
sIL-2R 984 (296—7840) IU/ml ~ >1000 IU/ml 25 48.1
<1000 IU/ml 27 51.9

CRP, C-reactive protein; LDH, lactate dehydrogenase; Hb, hemoglobin;
2M, B2-microglobulin; sIL-2R, soluble interleukin-2 receptor; unl, upper
normal limit.
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Twenty-nine patients were treated with salvage treatment
combined with rituximab. Ten patients received autologous
hematopoietic stem cell transplantation after salvage therapy.

RESPONSE AND SURVIVAL

Among 50 patients treated with ICE, 12 patients achieved
complete remission, 14 patients achieved partial response
and, in 18, their disease progressed. The complete remis-
sion rate and overall response rate (partial response plus
complete remission rate) were 26.7 and 57.8%, respective-
ly. Four patients could not continue ICE because of severe
liver damage. Among 13 patients treated with DHAP, 4
patients achieved complete remission, 1 patient achieved
partial response and 7 had progressive disease. The com-
plete remission rate and overall response rate (partial re-
sponse plus complete remission rate) were 33.3 and
41.7%, respectively. One patient could not continue DHAP
because of cytomegalovirus infection. After a median
follow-up time of 12.3 months (range, 1.3—66.2 months),
median OS in all patients was 15.6 months (95% CI
11.6—19.6), and the OS was significantly worse in the
DHAP arm than in the ICE arm (5.8 versus 17.6 months,
respectively; P = 0.024).

ProGNosTIC FACTORS

The analysis of prognostic factors influencing OS is shown
in Table 3. The OS was significantly worse in patients with
the following prognostic factors: serum LDH level over the
upper normal limit (P = 0.004) and hemoglobin under the
lower normal limit (P = 0.001) as calculated by univariate
analysis. The serum CRP levels over the upper normal limit
tended to predict poor survival (P = 0.059). Moreover, in
multivariate analysis, the OS was significantly worse in
patients with the following parameters: elevated LDH level
(hazard ratio (HR) 3.948. 95% CI 1.385-11.252;
P =0.010), anemia (HR 3.925. 95% CI 1.292—-11.924;
P =10.016) and elevated CRP level (HR 3.757. 95% CI
1.264—11.163; P = 0.017).

Table 3. The univariate and multivariate analyses of laboratory parameters
that influence the overall survival.

Factors  Cut-off Univariate Multivariate Hazard ratio

CRP >unl 0.059 0.017 3.757 (1.264—11.163)
LDH >unl 0.004 0.010 3.948 (1.385-11.252)
Anemia Positive 0.001 0.016 3.925 (1.292—-11.924)
B2M >unl 0.550 0.325 1.615 (.621-4.200)
sIL-2R~ >1000 IU/ml  0.085 0.298 0.580 (.207—-1.619)

LAC INDEX

When the outcome was plotted according to the numbers of
elevated CRP level, elevated LDH level and anemia before
salvage treatment, three risk groups emerged. Patients with
zero or one prognostic factor had the best outcome, and
patients with two and three prognostic factors had the
poorest outcome. We defined them as low risk and high risk,
respectively. We developed an index (elevated LDH, anemia
and elevated CRP: LAC index), which represented the
numbers of elevated CRP level, elevated LDH level and
anemia before salvage therapy, to evaluate risk factors for
OS after salvage treatment started. According to the LAC
index, among the patients with all lymphoma, the numbers
of high- and low-risk patients are 24 and 39, respectively.
On the other hand, among the patients with diffuse large
B-cell lymphoma, the numbers of high- and low-risk patients
are 16 and 25, respectively.

The median OS of high- and low-risk patients was
5.8 months (95% CI 3.3—8.3) and 60.1 months (95% CI
0.0—125.0), respectively. There was a significant difference
among high- and low-risk patients in all patients (log-rank
test; P < 0.001, Fig. 1). Moreover, among the patients with
39 diffuse large B-cell lymphoma patients, excluding two
transformed large B-cell lymphoma, the median OS of high-
and low-risk patients was 9.5 months (95% CI 1.3—17.7)
and 60.1 months (95% CI 0.0—121.0), respectively. There
was a significant difference among high- and low-risk
patients for patients with diffuse large B-cell lymphoma
(log-rank test; P = 0.014, Fig. 2).
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Figure 1. The LAC index among all patients. The median overall survival
of high- and low-risk patients were 5.8 months (95% CI 3.3—8.3) and 60.1
months (95% CI 0.0—125.0), respectively. There was a significant difference
among high- and low-risk patients in all patients (log-rank test; P < 0.001).



