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Pegfilgrastim as hematopoietic support

for dose-dense chemoimmunotherapy

with R-CHOP-14 as first-line therapy in elderly
patients with diffuse large B cell lymphoma

Abstract Goals of work: Recently,
6 cycles of R-CHOP-14 have been
recommended as the reference stan-
dard regimen for the treatment of
elderly patients with diffuse large
B-cell lymphoma (DLBCL). Pegfil-
grastim has been shown to facilitate
dose-dense chemotherapy schedules
with a single administration per che-
motherapy cycle. The aims of this
study were to evaluate the use of
pegfilgrastim in combination with the
R-CHOP-14 regimen in a homoge-
nous group of previously untreated
elderly patients with DLBCL and to
assess the pharmacokinetics of
pegfilgrastim within this patient pop-
ulation. Materials and methods: Ten
patients with DLBCL between 60 and
80 years of age received a single
subcutaneous injection of 6 mg peg-
filgrastim 24 h after administration of
R-CHOP chemoimmunotherapy,
which was repeated for 6 to 8 cycles
in two-weekly intervals. A total of
348 blood samples were collected.
Pegfilgrastim plasma levels and ab-
solute neutrophil counts were mea-
sured every other day during the first
treatment cycle and twice weekly

Introduction

Since its first description in 1976, the three-weekly CHOP-
21 regimen (cyclophosphamide, doxorubicin, vincristine,
and prednisone) has been the standard treatment of diffuse
large B-cell lymphoma (DLBCL) for a quarter century [7,

during all consecutive cycles. Main
results: Sixty-three of 72 cycles
(87.5%) could be delivered on time
and at the planned dose. Median
absolute neutrophil nadir was 0.32 g/l
on day 9. Grade 3/4 granulocytopenia
occurred in all patients. Febrile neu-
tropenia occurred in two patients.
Plasma levels of pegfilgrastim
remained elevated during the neutro-
penic phase. At the start of hemato-
logic recovery, plasma concentrations
of pegfilgrastim decreased rapidly to
baseline levels. Median pegfilgrastim
trough plasma level was 0.43 ng/ml
on the day preceding the next appli-
cation. Conclusions: A single fixed
dose of 6 mg of pegfilgrastim given
once per cycle of R-CHOP-14 is
effective in supporting neutrophil
recovery to allow two-weekly drug
administration in previously untreated
elderly patients with DLBCL. How-
ever, close monitoring for infectious
complications is mandatory in this
patient population.
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18]. During the last few years, two distinct approaches have
likewise led to a substantial improvement in the treatment

of this disease. First, the addition of rituximab, a chimeric
anti-CD20 monoclonal antibody, to the classical CHOP-21
regimen significantly improved results with regard to
overall remission rates, progression-free survival, and
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overall survival in elderly as well as younger low-risk
patients with DLBCL [6, 11, 23]. Secondly, by shortening
the interval between CHOP cycles from 21 to 14 days with
the use of granulocyte colony-stimulating factors (G-CSF),
similar improvements have been achieved [21]. The
recently presented interim results of a large randomized
trial comparing 6 and 8 cycles of CHOP-14 each with or
without rituximab showed a highly significant improve-
ment with regard to time to treatment failure (p<0.001) for
the combined treatment groups [22].

To allow for timely application of the CHOP-14
regimen, patients treated within the mentioned studies
received daily filgrastim from day 4 to day 13 of each two-
week cycle. However, in all these studies, rituximab was
not added to CHOP, and no information could be obtained
on the CHOP-14 toxicity profile in the presence of the
antibody. To date, only one retrospective analysis has been
published on the feasibility and toxicity of the R-CHOP-14
in combination with daily filgrastim [12].

Within the last few years, several studies have demon-
strated that pegfilgrastim, the pegylated form of filgrastim,
stimulates granulocytopoiesis as efficiently as filgrastim and
that a single fixed dose of 6 mg per cycle of pegfilgrastim is
as safe and well tolerated as standard daily filgrastim
administration in the management of chemotherapy-induced
neutropenia [8, 9, 14, 17, 27].

Recently, an Italian group for the first time reported on
the feasibility and toxicity of the R-CHOP-14 regimen with
support of pegfilgrastim administered at the standard fixed
dose of 6 mg per cycle in patients with DLBCL [4].
However, in this study, patients of all age groups were
included, and no pharmacokinetic data of pegfilgrastim in
use with the R-CHOP-14 regimen were provided.

In our trial, we have prospectively investigated the use of
pegfilgrastim in a homogenous population of elderly patients
with newly diagnosed, biopsy-proven DLBCL treated with
the R-CHOP-14 regimen. Special focus has been given to
pegfilgrastim plasma levels in relation to absolute neutrophil
counts to allow for more detailed evaluation of pegfilgrastim
pharmacokinetics within this group of patients.

Materials and methods
Patients

Patients were eligible for this prospective, oligocentric
phase II study if they had previously untreated, biopsy-
confirmed DLBCL according to the World Health Orga-
nization (WHO) classification and were between 60 and
80 years of age [13]. For the subgroup of the first ten
consecutive patients, a detailed evaluation of pegfilgrastim
plasma levels in relation to neutrophil counts was
integrated as an accompanying pharmacological part of
the protocol. This is a report on the completed analysis

focusing on feasibility, toxicity, and pharmacokinetics of
the R-CHOP-14 regimen supported by pegfilgrastim.

All disease stages (I-1V) according to Ann Arbor criteria
and all International Prognostic Index scores were included
[1]. Patients had to have a performance status of 0-2
according to the Eastern Cooperative Oncology Group scale.
CD-20 expression of tumor cells must have been demon-
strated by immunohistochemistry. All patients gave informed
written consent. The study complied with all the provisions
of the Declaration of Helsinki and was approved by the local
ethics review committee. Patients were enrolled in three
centers.

Patients with marked impairment of cardiac, pulmonary,
hepatic, or renal function, bone marrow involvement with
more than 25% lymphoma cells, initial white blood cell
count (WBC) less than 2.5x 10%/1, initial platelet count less
than 80x10%/1, or inability to comply with study require-
ments were excluded.

All patients had mandatory baseline examinations that
included clinical examination, laboratory tests, chest radio-
graph, computed tomography of chest and abdomen, and a
bone marrow biopsy. Study enrollment started in June 2004.

Treatment

All patients initially received a “prephase” treatment
consisting of a single intravenous (i.v.) injection of 1 mg
vincristine on day —7 and 100 mg prednisone given orally
for 7 days. The R-CHOP-14 regimen consisted of rituximab
(375 mg/m?) on day 1, followed on day 2 by cyclophospha-
mide (750 mg/m? intravenously), doxorubicin (50 mg/m*
intravenously), vincristine (2 mg intravenously), and pred-
nisone (100 mg orally) given on days 2 to 6 for a total of
8 cycles. Pegfilgrastim (Neulasta®, Amgen, Thousand
Oaks, CA, USA) was given on day 3, 24 h after CHOP
chemotherapy, in a single subcutaneous dose of 6 mg.
Darbepoetin alfa (Aranesp®, Amgen, Thousand Oaks, CA,
USA) was started in patients with a hemoglobin value
<11 g/dl at a dose of 300 png subcutaneously every 2 weeks.
The next chemotherapy cycle was scheduled for day 15
after recovery of WBC (>2.5x10%1) and platelet count
(>80x10°/1). If recovery was not achieved, blood counts
were repeated 3 days later and, if necessary, 7 days later. The
dosages of cyclophosphamide and doxorubicin were reduced
by 25% if WBC and platelet count recovery exceeded
1 week, or by 50% if the delay was longer than 2 weeks.
Patients with initial bulky disease (defined as lymphoma
masses or conglomerates with a diameter >7.5 cm)
received radiotherapy (36 Gy) to these areas irrespective
of the result of chemotherapy. Radiotherapy was recom-
mended at the same dose to extranodal sites of disease
whenever feasible. Central nervous system prophylaxis
was recommended only for patients with bone marrow
involvement, testicular involvement, or lymph-node in-
volvement in the cranial region and consisted of 15 mg
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methotrexate given intrathecally on days 1 and 5 of the first
two chemotherapy cycles.

Pharmacokinetic data and toxicity

A complete blood count (cbc) was performed on days 1, 3,
5,7,9, 11, and 13 of the first therapy cycle and on days 1,
3,7, and 11 of all consecutive cycles. Ten-milliliter EDTA
samples for pharmacokinetic analysis of pegfilgrastim
plasma levels were collected in parallel with blood samples
for cbc during all treatment cycles. EDTA plasma tubes
were immediately centrifuged at 3,000 rpm for 10 min;
plasma was then separated and stored in a plain tube at
—20°C. Pegfilgrastim plasma levels were measured at
CellTrend GmbH Laboratory, Luckenwalde, Germany.
Plasma samples were analyzed using standard curves
constructed with pegfilgrastim by a commercially available
G-CSF enzyme-linked immunosorbent assay (Quantikine,
R&D Systems) that does not distinguish pegfilgrastim or
filgrastim from endogenous G-CSF.

Adverse events reported by the patient or observed by
the treating physician were coded on case report forms
according to WHO grades. Incidence of febrile neutrope-
nia, depth of neutrophil nadir, and time to neutrophil
recovery [absolute neutrophil count (ANC) >2.0x 10%/1)
were assessed, as was the requirement for i.v. antibiotic
administration or hospitalization.

Relative dose intensity (RDI) of the CHOP-14 combina-
tion was calculated according to Hryniuk and Bush [15].

Statistical analysis

All statistical calculations were carried out using SPSS
11.0.1 software for Windows, Version 11.0.1€, SPSS, and
Microsoft® Excel 2003.

Pharmacokinetic parameters were estimated using
WinNonLin Version 4.01 (Pharsight, Pharsight, Mountain
View, CA 94041-1530, USA) and standard noncompart-
mental methods. For calculation of the maximum observed
plasma concentration (Cypay), time of Ciax (Tmax), terminal
half-life (T1/2), area under the plasma concentration time
curve from time zero to infinity (A UC(o—oc)) , and apparent
serum clearance after subcutaneous administration of dose
(CL/F), pegfilgrastim plasma values from the first treat-
ment cycle were used because of more closely timed
collection of blood samples as specified in the protocol.

Results
Feasibility

Patients were enrolled between June 2004 and September
2005. Median age was 73.4 years (range 59-80). As a

protocol violation, one patient was included at the age of
59 years. Seven patients were men.

Of'the 72 cycles documented, 63 (87.5%) were delivered
on time at the planned dose. Therapy was delayed on nine
occasions (12.5%); 2 cycles (2.8%) were postponed
because of delayed hematopoietic recovery, six (8.3%)
because of nonhematologic toxicity, and 1 cycle (1.4%)
was delayed on the patient’s request. The length of
treatment delays was 1 week in 7 cycles. Postponement
of treatment for 4 days and 3 weeks was necessary in
another 2 cycles, respectively. In consideration of frequen-
cy and length of all treatment delays, the average RDI for
all patients was 93.2% for all chemoimmunotherapeutic
drugs. Of note, all treatment delays occurred in patients
older than 70 years of age.

All patients completed the intended minimum of six
planned treatment cycles. In four patients, the seventh and
eighth treatment cycles were omitted due to achievement of
a CR after the fourth cycle in three patients and due to
toxicity concerns in one patient.

Toxicity

All 72 cycles were evaluable for toxicity. Incidences of
severe hematologic and nonhematologic toxicities (WHO
grade 3 or 4) are shown in Table 1. Grade 3 and grade 4
neutropenia occurred in 20 and 80% of patients, respec-
tively. Figure 1 illustrates the median ANCs, with
interquartile ranges, at given days over all cycles. The
highest median ANC value was observed on day 4, while
the nadir ANC was invariably observed on day 9 (7 days
after CHOP application). The median time of recovery to

Table 1 Highest WHO degree of treatment-related toxicity observed
WHO grade 3 WHO grade 4

n (%) n (%)
Hematological toxicity
Granulocytopenia 2 (20) 8 (80)
Thrombocytopenia 1(10) 1 (10)
Nonhematological toxicity
Nausea 2 (20) -
Emesis 2 (20) -
Diarrhea - 1 (10)
Febrile neutropenia 1 (10) 1 (10)
Mucositis 2 (20) -
Asthenia/fatigue 1 (10) -
Alopecia 10 (100) -

Transfusion requirements
Red blood cell transfusions required 5 (50)

Platelet transfusions required 1 (10)




880

100

Fig. 1 Median serum pegfil-
grastim plasma levels (dotted
line) and absolute neutrophil
count (ANC) (solid line) after a
single 6-mg pegfilgrastim injec-
tion 24 h after chemotherapy.
Error bars show interquartile
ranges. Solid lines show EC 50
and EC 20 concentrations of
pegfilgrastim plasma levels

Pedfilgrastim plasma level (ng/ml)

(=pegfilgrastim concentration
that produces half maximum
and 20% stimulation of granu-
lopoiesis, respectively)

Median absolute neutrophil count (G/l) and
median pedfilgrastim plasma concentration (ng/ml)

0.1 T T

Pegfilgrastim
application

Absolute neutrophil
count (G/)

ANCs >0.5 and >2.0x10°/1 was on days 10 and 11,
respectively (8 and 9 days from the day of chemotherapy
administration, respectively).

Grade 3 and grade 4 thrombocytopenia occurred in one
patient each. No bleeding complications occurred. Severe
anemia requiring transfusion developed in five of ten
patients. Darbepoetin alpha was administered to all patients
by protocol.

Febrile neutropenia was defined as fever >38.2°C and
an ANC <1.0x10%/1. Based on analysis of the laboratory
and body-temperature data, neutropenic fever developed
on three occasions (4.2% of cycles) in two patients (20%),
and the median duration of neutropenic fever was 1.5 days
(range: 1-2 days).

Hospitalization for i.v. antibiotic administration was
necessary in two patients. One patient was admitted due to
severe diarrhea (WHO grade 1V) requiring i.v. antibiotics
and fluid replacement. In the other patient, Pneumocystis
Jjiroveci pneumonia was diagnosed requiring i.v. antibiotic
therapy with cotrimoxazole. Both patients had ANC >1.0x
10%/1 at the time of admission.

Pegfilgrastim plasma levels
Median pegfilgrastim plasma levels were highest on the

day after subcutaneous administration (day 4). Levels
remained elevated throughout the neutropenic phase until

T T T T T T T T T
5 6 7 8 9 10 11 12 13 14
day of treatment

neutrophil recovery; on the day of neutrophil nadir (day 9),
pegfilgrastim levels were 10.62 ng/ml (Fig. 1). A rapid
decline of pegfilgrastim levels was observed after neutro-
phil recovery with values falling below 2.0 ng/ml on
day 13. On day 2 of the following cycle, i.e., on the day of
the next CHOP application, pegfilgrastim plasma levels
were down to baseline values with a median trough level of
0.43 ng/ml. No accumulation of the drug was observed in
subsequent cycles. Terminal plasma half-time was 35.2 h.
Detailed pharmacokinetic data are given in Table 2.

Table 2 Pharmacokinetic data of pegfilgrastim plasma levels

Parameter Median Interquartile range
Cinax (ng/ml) 372 13.4-124.3

Tnax (h) 24 18-126

T1/2 (h) 352 26.2-45.8
(4UC(_ ) (ngxh/ml) 4,109.8 1,863.7-13,575.0
CL/F (ml h™' kg™ 20.6 6.02-42.2

Two patients were excluded for calculation of pharmacokinetic
parameters due to incomplete sample data.

C,nax Maximum observed plasma concentration, 7,,,, time of Cpax
after subcutaneous application, 71/2 terminal half-life, (A UC(O,OO))
area under the plasma concentration time curve from time zero to
infinity, CL/F apparent serum clearance after subcutaneous
administration of pegfilgrastim
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Discussion

This is a report on feasibility, toxicity, and pharmacokinetic
data of once per cycle pegfilgrastim use in a homogenous
cohort of elderly patients with previously untreated,
biopsy-proven DLBCL treated with the R-CHOP-14
regimen.

Feasibility

The comparability of once per cycle pegfilgrastim and
daily filgrastim has consistently been demonstrated in
several randomized clinical trials. A first randomized trial
was able to show that a single injection of pegfilgrastim
100 pg/kg per cycle was as safe and effective as daily
injections of filgrastim 5 pg kg ' day ' in reducing
neutropenia and its complications in patients with high-risk
stage-II or stage-11I/IV breast cancer, who received 4 cycles
of doxorubicin and docetaxel chemotherapy in a three-
weekly regimen [14]. In contrast to this weight-adopted
dose and with the aim of further increasing the ease of
dosing, another randomized trial confirmed in a similar
patient population that a single fixed dose of 6 mg
pegfilgrastim was comparable to multiple daily injections
of filgrastim in supporting neutrophil recovery after
myelosuppressive chemotherapy independent of patient
weight [9]. In a pooled analysis of both trials, the incidence
of febrile neutropenia, rates of hospitalization, and i.v. anti-
infective use was lower with pegfilgrastim than with
filgrastim [25].

Data from five small clinical trials have focused on the
use of pegfilgrastim in patients treated for non-Hodgkin’s
lymphoma (NHL). In a randomized phase-II study, a single
weight-adjusted subcutaneous injection of pegfilgrastim
(100 pg/kg) per chemotherapy cycle was compared with
daily subcutaneous injections of filgrastim 5 pg/kg in 66
patients receiving salvage chemotherapy with the ESHAP
regimen (etoposide, methylprednisolone, cisplatin, and
cytarabine) for relapsed or refractory Hodgkin’s lymphoma
or NHL [27]. The incidence of grade 4 neutropenia as well
as the mean duration of grade 4 neutropenia was similar in
both groups. The results for the two groups were also not
significantly different for febrile neutropenia, neutrophil
profile, time to neutrophil recovery, or toxicity profile.
Another randomized phase-II trial compared two doses of
single administration pegfilgrastim (60 and 100 pg/kg)
with daily doses of filgrastim (5 ug kg' day ') or no
cytokine treatment after standard CHOP-21 in elderly NHL
patients [10]. In an intent-to-treat analysis, the outcomes
were similar in the pegfilgrastim (100 pg/kg) and filgrastim
groups with respect to the duration of grade 4 neutropenia.
Pegfilgrastim as hematopoietic support for the CHOP
regimen—again without the addition of rituximab—has
been evaluated in another small trial including 29 patients
[8]. In this study, pharmacokinetic data were assessed and

will be discussed below. Recently, the MD Anderson
Cancer Center has published a small trial investigating a
salvage regimen composed of paclitaxel and topotecan in
relapsed aggressive NHL patients using pegfilgrastim
support [24]. In fact, only one full paper has been
published so far reporting on pegfilgrastim support for
dose-dense R-CHOP-14 in DLBCL [4]. In this phase-II
study, a single pegfilgrastim dose of 6 mg per cycle allowed
on time delivery of therapy in 92% of cycles. In the
experience of the authors, delays due to severe neutropenia
occurred in a minimal percentage of cycles (3%) and
affected a low fraction of patients.

The results of our trial compare very well with the
reported data from the other mentioned trials on pegfil-
grastim use in NHL patients. Of all 72 documented cycles,
63 (87.5%) were delivered on time at the planned full dose.
Taking into account the length and frequency of all
treatment delays, we were able to calculate an average RDI
of 93.2% for all patients. These data are virtually identical
with the trial of Brusamolino et al. [4]. However, it has to
be considered that our patients were much older than in the
Italian trial and thus more susceptible to increased
toxicities. In fact, all toxicity-related treatment delays
without exception occurred in the patients older than
70 years of age. In contrast, in the patients younger than
70 years of age, all cycles were given at the planned doses
and intervals.

Toxicity

Concerning toxicity, the incidence of febrile neutropenia of
4.2% of cycles in our trial is similar as the reported rate of
4.0% of cycles in the Italian trial or the 3.7% of the
retrospective study from the Memorial Sloan—Kettering
Cancer Center evaluating the CHOP-14 regimen with
adjunct filgrastim [4, 12]. Thus, both trials, as well as our
own study, demonstrate that the addition of rituximab does
not significantly modify the toxicity profile of dose-dense
CHOP-14 supported by prophylactic G-CSF.

With regard to severe infections, the Italian trial reported
on 6% of patients presenting with P, jiroveci pneumonia in
the absence of routine cotrimoxazole prophylaxis (n=50).
Similarly, one of our ten patients also experienced
microbiologically proven infection with P. jiroveci [4].
Therefore, we would follow the recommendation of routine
cotrimoxazole prophylaxis made by the authors of this trial
although other groups did not report on a higher incidence
of this complication with the R-CHOP-14 regimen. How-
ever, these reports are yet available as abstracts only [22].

The aspect of age

It is well known from several trials that hematologic
toxicity is increased in elderly patients (>65 years) and that
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age is an independent predictor of developing febrile
neutropenia, leading to chemotherapy dose reductions or
delays [5, 16, 20, 26]. As a consequence, the likelihood of
receiving the full schedule of chemotherapy on time
decreases with age. The clinical importance of this is
demonstrated by the fact that reducing dose intensity either
by reducing the dose or extending the interval between
treatment cycles can compromise the efficacy of chemo-
therapy and thus negatively influence the outcome [19, 21].

It has to be kept in mind that the median age for DLBCL
is 64 years, and thus a majority of all patients fall in the age
group included in our trial [2]. Due to age restrictions in
many treatment protocols, elderly patients are generally
underrepresented in clinical trials. Of note, patients
included in the trial of Brusamolino et al. [4] ranged
from 22 to 70 years with a median age of 55 years. Only
32% of patients were older than 60 years. Therefore, our
trial—although small in size—contributes to the evidence
for the safe and efficient use of pegfilgrastim as adjunct to
this well-established chemoimmunotherapy regimen in this
particular patient population.

Pharmacokinetic data

By the addition of a 20-kDa linear polyethylene glycol
molecule to the N-terminal methionine residue of the
filgrastim molecule, the resulting pegylated molecule has
approximately doubled its molecular weight (39 kDa) [3,
17]. The greater molecular size results in a reduced renal
clearance of the drug; therefore, neutrophil-mediated
clearance becomes the predominant route of elimination.
This clearance is saturable and involves internalization and
metabolism of the pegfilgrastim/G-CSF receptor complex
within the neutrophil. Thus, elimination of the drug
decreases when the ANC is low. This explains the
characteristic pharmacokinetic profile of the drug, which
has appropriately been described as “patient specific” and
“self-regulating,” because drug elimination depends on
each patient’s unique neutrophil recovery. As a result,
serum levels of pegfilgrastim are maintained during the
neutrophil nadir and rapidly decline at the onset of
neutrophil recovery after myelosuppressive chemotherapy.

In our analysis, we could confirm this self-regulation
process within the R-CHOP-14 regimen. Plasma concen-
trations reached a maximum of 24 h after pegfilgrastim
application. On day 9, when the nadir of the ANC was
reached, median plasma levels were 10.6 ng/ml, thereby
still exceeding a concentration of 8 ng/ml, which has been
defined as the pegfilgrastim concentration that produces
half-maximum stimulation of granulopoiesis (=EC 50) [28,
29]. After day 9, a rapid decline parallels granulocyte
recovery: pegfilgrastim levels in our study fell below 2 ng/ml
on day 13. This threshold is considered as the lowest
pegfilgrastim concentration being able to elicit meaningful
granulopoiesis (=EC 20). Pegfilgrastim concentration
reached baseline levels on the day before the next application
(0.43 ng/ml). Median terminal plasma half-time in our series
has been calculated as 35.2 h. This result is well in line with
the reported 33—42 h in other series [3, 8, 17].

Summary

In conclusion, our results confirm that a single dose of
pegfilgrastim per chemotherapy cycle allows dose-dense
application of the R-CHOP-14 regimen in DLBCL,
facilitating on time delivery of therapy in 87.5% of cycles
and an RDI of 93.2%. Thus, our results confirm the
supportive capacity of pegfilgrastim in the dose-dense R-
CHOP-14 regimen in a homogenous elderly patient
population at high risk for increased hematologic toxicity
and infectious complications. In view of the two episodes
of febrile neutropenia and two admissions for i.v. antibiotic
therapy, close monitoring for infectious complications is
mandatory. Plasma levels of pegfilgrastim remained high
until the day of granulocyte recovery and decreased to
baseline levels before the next application.
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