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Original article

Large granular lymphocytic leukaemia

Abstract

Background. Large granular lymphocy-
tic leukaemia (LGL-leukaemia) is a rare
disease. Knowledge of the disease may
contribute to targeted and quick dia-
gnosis and effective treatment of those
affected.

Material and methods. We identified
patients who had been diagnosed with
LGL-leukaemia at Oslo University Hos-
pital, Rikshospitalet in the period
01.10.2001-31.12.2007. Their medical
records were assessed retrospectively.

Results. During the study period, LGL-
leukaemia was diagnosed in 52 patients
(26 women and 26 men), median age

of 59 (26-86] years. The leukaemia
displayed NK-cell phenotype in one
patient and T-cell phenotype in the
remaining 51 patients. Slightly more
than one third of the patients were
asymptomatic. Cytopenia, usually gra-
nulocytopenia, was the most common
cause for the clinical phenotype in sym-
ptomatic patients. Concomitant disease
with immune pathogenesis was com-
mon, and we also found a high preva-
lence of clonal B-cell disease (17 %).

Interpretation. Our patients with LGL-
leukaemia are representative for
presentations of the disease in the
literature. The condition should be
suspected when patients present

with unexplained cytopenias. An early
diagnosis may prevent an extensive and
unnecessary diagnostic work-up and
ensure that patients are offered

a simple and effective treatment.
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Large granular lymphocytes (LGL) com-
prise 10—15 % of lymphocytes in blood in
healthy adults (1). Most of these lympho-
cytes (85 %) are CD3~ natural killer (NK)
cells and the rest are CD3" cytotoxic T cells.
LGLs are medium-sized round or oval cells
with eccentrically placed nuclei with con-
densed nuclear chromatin without a clear
nucleolus and with surplus cytoplasma (pale
blue) containing a few large azurophilic gra-
nules (fig 1).

LGL-leukaemia was first described in
1985, as a clonal disease with affection of
blood, spleen and bone marrow (2). Several
years earlier, Hovig and collaborators had
described a patient with rheumatoid arthritis,
splenomegaly, neutropenia and LGL. In
1975, Brouet and collaborators found that in
six of 11 patients with chronic lymphatic
leukaemia (T-cell type) the lymphocytes had
large amounts of cytoplasm with azurophilic
granules (3, 4). The link to rheumatoid
arthritis and neutropenia became clear a
couple of years later (5).

In 1993, Loughran described two types of
LGL-leukaemia: one T-cell type which com-
prised the majority of cases and a much rarer
NK-cell type (6). This dichotomy is adapted
by the WHO classification. T-LGL-leukae-
mia is almost always a very indolent disease,
while NK-LGL-leukaemia often has an ag-
gressive clinical phenotype. Aggressive
variants of T-LGL-leukaemia have been de-
scribed. Indolent NK-LGL-leukaemia also
occurs, but it is difficult to show that NK
cells are clonal. It is therefore very challen-
ging to decide with certainty whether per-
sisting lymphocytosis of NK cells really is

an expression for NK-LGL-leukaemia. In
such cases, clinical symptoms and infiltra-
tion of NK cells in liver, spleen, bone mar-
row and possibly other organs are much
emphasised.

LGL-leukaemia has been perceived as a
very rare disease (7, 8). LGL-leukaemia
comprises 2—5 % of all T-NK-lymphoproli-
ferative diseases and up to the year 2003,
only 400 cases have been described in the
literature (8). During the last 6 years, our
experience indicates that LGL-leukaemia is
not as rare as it may seem from the literature,
and that the disease is underdiagnosed. The
aim with this study is to direct attention to
the disease and show its clinical phenotypes,
discuss diagnostic possibilities and challen-
ges and present treatment indications and
treatment alternatives. Patients with LGL-
leukaemia may be encountered in the pri-
mary health services and in the specialist
services. Knowledge of the disease may
contribute to a targeted and quick diagnosis
and ensure that effective treatment may be
offered to patients in need of treatment.

Material and methods

Patients

The study included all patients for whom

Rikshospitalet (Section for blood diseases,

Medical department) had been involved in

diagnosing them with LGL-leukaemia in the

period 1.10.2001-31.12.2007. The diagnostic

criteria we used were (8):

— Persisting expansion of LGL in blood
and/or infiltration of LGL in bone marrow
or extramedullary tissue

— Characteristic immunophenotype asses-
sed by flow cytometry or immunocyto-
logy (CD3*CD16"CD56"-CD57" or
CD-3CD16/56*CD57")

— Clonal T/NK-cell populations with clonal-
ly rearranged T-cell receptor (TCR) as
determined by molecular genetic methods,

Main message

m Large granular lymphocyte-leukaemia
has the same prevalence in women and
men

m Two thirds of patients have disease-
related symptoms

= Unexplained cytopenias should arouse
suspicion of the diagnosis

m The treatment is simple and effective



or TCR-Vp-restriction as determined by
flow cytometry and/or detection of clonal
cytogenetic deviation by karyotyping

— Clinical symptoms, seen in 70—75 % of
the patients, are also emphasised in the
diagnostic process and clinical symptoms
are of special importance in the assess-
ment of whether there is an indication for
treatment or not

All the first three criteria must be fulfilled to
make the diagnosis LGL-leukaemia.

Method
Clinical information from all patients who
had been diagnosed with LGL-leukaemia
(for whom Rikshospitalet [Section for blood
diseases, Medical department] had been in-
volved in the diagnosis), was retrieved from
medical records and laboratory data at the
hospital (by using the patient administrative
system and ICD-10 codes) and reviewed.
We do not have systematic follow-up data
for all patients, as those who were not exa-
mined clinically at Rikshospitalet were not
always examined systematically with re-
spect to clinical chemistry and immunologi-
cal analyses that are useful to shed light on
phenotypical traits, but not strictly necessary
to diagnose the disease.

Results

Incidence

In the 6-year study period, we have dia-
gnosed LGL-leukaemia in 52 patients; 26
women and 26 men (tab 1). The median age
at diagnosis was 59 years (26—86 years).
The patients were not exclusively from the
South-Eastern Regional Health Authority,
and we cannot be certain that we have inclu-
ded all patients from the area of recruitment
who have been diagnosed with LGL-leukae-
mia in the study period. Therefore, the mate-
rial does not enable us to calculate an inci-
dence for LGL-leukaemia for all of Norway.

Immunophenotype and clonality

All patients, with one exception, had
LGL-leukaemia of the T-cell type. In 48 pa-
tients the leukaemia cells had immuno-
phenotypes characteristic of cytotoxic T
cells (CD2*CD7*CD3*CD8*CD16*CD57%)
(fig 2), but in one patient (who had an ag-
gressive clinical phenotype) the immuno-
phenotype was CD2*CD7*CD3*CD8*CD57;
for two patients who had the immunopheno-
type given above the leukaemia cells were
CD4*CD8&". A clonally rearranged T-cell re-
ceptor was documented in all patients. In
one patient the leukaemic NK cells had the
immunophenotype; CD2*CD7*CD3-CD8*
CD57*. This patient had persisting lympho-
cytosis (> 5 - 10%/1) over several years, and
we have documented infiltration of lympho-
cytes with the particular immunophenotype
in biopsies from bone marrow, gastrointesti-
nal tract and skin. We believe that the dia-
gnosis NK-LGL-leukaemia is well founded

in this patient, despite the fact that we have
not identified the cells as clonal (cytogenetic
examination).

Bone marrow morphology
Bone marrow biopsies showed normocellu-
lar or hypercellular bone marrow in all pa-
tients for whom biopsies were taken.
Leukaemia cells showed a diffuse interstitial
infiltration that seldom comprised more than
/3 of the bone marrow cells (fig3), and
intrasinusoidal localisation was common.
Lymphoid infiltrates were also common,
and they consisted of polyclonal B-cells sur-
rounded by a rim of polyclonal CD4* T-cells.
All patients had a trilinear haematopoesis
with a normal thrombocytopoesis. The ery-
thropoesis was normal in most patients, but
it was increased in patients with haemolytic
anaemia and strongly reduced in patients
with erythroaplasia. The granulocytopoesis
was usually normal, but it was reduced with
signs of maturation block in some patients
with granluocytopenia.

Clinical presentation
Patients requested help from the health ser-
vices for many reasons. Most of them had
symptoms and clinical findings such as re-
peated infections, autoimmune disease and
splenomegaly, or laboratory findings in the
form of cytopenias (tab 1, tab 2). The most
common finding was granulocytopenia, usu-
ally but not always concomitant with
infections (26 patients totally [50%]), 18
[35 %] with infections). Anaemia was the
main problem in five patients (10 %), and the
cause of the anaemia was either haemolysis
(negative finding in direct antiglobulin test
[DATY]) or erythroplasia. One patient had the
diagnosis T-LGL-leukaemia after an
assessment for thrombocytopenia, but
thrombocytopenia was found in totally 11
patients. No patient had serious thrombo-
cytopenia with bleeding manifestations.

In eight patients (15 %), the assessment of
moderate lymphocytosis led to the diagno-

Table 1 Characteristics of 52 patients with

LGL-leukaemia

Number
Women
Men

Haematology

Neutrophilic granulocytes (n = 41)

Median (spread) - 107/l

<1.0- 107/

<0.5-10°/L
Thrombocytes (n = 43)

Median (spread) x 10%/L

<150 - 107/l

<100 - 107/l
Haemoglobin (n = 42)

Median (spread) g/100 ml

<11 /100 ml
<10 ¢/100 ml
Lymphocytes (n = 37)
Median (spread) x 107/

Organomegaly
Splenomegaly
Hepatomegaly
Splenectomy

Other disease

Rheumatoid arthritis

Systemic lupus erythematosus

Myositis
Polyneuropathy

52
26
26

1.5
(0-11.4)

18
15

198
(42-456)

8
3

12.8
(6.4-16.8)

9
4

2.6
(0.6-247)

10
4

Other clonal lymphoproliferative disease

Monoclonal gammopathy
Lymphoma

Other malignant disease
Cancer

Myelodysplastic syndrome

A

Figure 1 Two blood smear specimens from a patient with L GL-leukaemia. a] A large lymphocyte with
pale blue cytoplasm and 7-8 large and powerful azurophilic granules. b] Two large lymphocytes with
a surplus of pale blue cytoplasm with very discrete azurophilic granules
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Figure 2 A flow cytometric examination of lymphocytes in blood in patients with LGL- leukaemia. The
clonal T-cell population is found as the green population in the cytograms and has the following immune
phenotype: CD2*CD3*CD8*CD16*CD57¢. Non- expression of CD5 and CD7 on the leukaemic T cells are

common with LGL-leukaemia of the T-cell type

sis, while for one patient the diagnosis was
based on the presence of general symptoms,
splenomegaly, discrete lymphadenopathy
and excessive lymphocytosis. 19 patients
(37 %) were asymptomatic at the time of the
diagnosis, at least regarding symptoms that
can reasonably be related to LGL-leukae-
mia, and their cytopenias or other indica-
tions of the diagnosis (for example lympho-
cytosis) were uncovered bycoincidence. Ten
patients (19 %) had splenomegaly. In addi-
tion, eight patients had splenectomies per-

formed before being diagnosed with LGL-
leukaemia. We have sparse information
about the indication for the splenectomy
in these patients, but there are reasons to
believe that several of them had splenome-
galy. Four patients (8) had hepatomegaly,
and two patients (4 %) had a discrete, but
general lymphadenopathy.

Many patients had other diseases with im-
mune pathogenesis (tab 1). Rheumathoid
arthritis was the most frequent cause of co-
morbidity (21 %). Ten of the 29 examined

Figure 3 Trephine biopsy from a patient with LGL-leukaemia with extensive bone marrow affection.

A specimen stained with haematoxylin and eosin (H.E.] shows a diffuse infiltration of small and medium-
sized lymphoid cells. Most of the lymphocytes are CD3* and CD8*, and many express the NK-cell antigen
CD57 [x40)

patients tested positive for rheumatoid fac-
tor, and three of the 19 examined patients
had positive findings in the direct antiglo-
bulin test.

Signs of other clonal lymphoproliphera-
tive disease, usually monoclonal gammo-
pathy, were found in nine patients (tab 1). In
patients with monoclonal gammopathy we
could not give a definite diagnosis of malig-
nancy, and these cases must be categorised
as MGUS (monoclonal gammopathies of
undetermined significance). The result of
the protein electrophoresis of serum was
only known in 18 patients. Eight patients
(15%) had non-lymphoid malignancies,
seven were diagnosed with cancer and one
with myelodysplasia. These diagnoses were
made before or during follow-up of the
LGL-leukaemia.

Treatment

The indication for starting treatment was
cytopenia with associated symptoms (tab 3)
for all patients except one who had NK-
LGL-leukaemia and for whom general
symptoms and skin affection were the main
reason for treatment. The patients were
treated with cyclosporine or methotrexate.
For the cyclosporine treatment the goal was
to achieve a cyclosporine trough concen-
tration of 100—150 pg/l. Upon effect, the
cyclosporine dose was reduced to the lowest
possible effective dose to reduce the risk of
nephrotoxicity upon long-term treatment.
Osuji and collaborators have described the
response criteria for this type of treatment
(9). Methotrexate was given orally once
weekly (10 mg/m?), and the dose was
adjusted according to effect and/or possible
adverse events. Cyclosporine was combined
with G-CSF (granulocyte colony-stimu-
lating factor) in a few patients who did
not have the intended effect of cyclosporine
monotherapy (tab 3). The combination
treatment turned out to be effective, and
we could discontinue G-CSF and continue
with cyclosporine alone with acceptable
effect.

In two patients with erythroplasia, ery-
thropoietin was used in addition to cyclospo-
rine. One of the patients did not need trans-
fusions after the combination treatment,
while the other patient did not respond and
was successfully treated with pentostatin
(4 mg/m? intravenously every 2 week).
Cyclosporine was discontinued because of
nephrotoxicity in two patients and replaced
with methotrexate with a persisting effect.
One patient received G-CSF as monother-
apy, with a good effect. The reason was that
the patient’s granulocytopenia had been
regarded as chronic idiopatic neutropenia
for a long time.

The patient who had an aggressive dis-
ease with clear clinical similarities with T-
PLL (T-prolymphocyte leukemia), was initi-
ally treated with alemtuzumab followed by
allogen stem cell transplantation with an



HLA-identical family donor during first
remission.

Discussion

We have diagnosed LGL-leukaemia in 52
patients over a 6-year period. If LGL-
leukaemia only comprises 2—5 % of all T/
NK-lymphoproliferative diseases, as indi-
cated by the literature (8), this is a surpris-
ingly high number. We believe that the
disease is probably underdiagnosed. The
prognosis is good (median survival 14.5
years) if the cytopenia is treated (also in pa-
tients who have serious granulocytopenia
[9]), and survival is probably similar to that
in an age-adjusted control group. This im-
plies that the disease prevalence has a certain
magnitude.

In our material there were similar num-
bers of men and women and the median age
at diagnosis was 59 years. The clinical
symptoms in our patients were almost
exclusively related to cytopenias, and neut-
ropenia with repeated infections was the
most common clinical phenotype. In our pa-
tients, we also found a high prevalence of
other diseases with immunopathogenesis.
Our material corresponds well with the lite-
rature in this respect (6—9).

MGUS was identified in eight patients,
i.e. 44 % of patients for whom the result of
protein electrophoresis was known to us and
15 % of the entire material. The prevalence
of MGUS in an unselected Caucasian popu-
lation with the same median age is about 3 %
(10). Viny and collaborators have recently
reported a corresponding high prevalence of
clonal B-cell disease in LGL-leukaemia
(11).

Cytopenias in adult patients without a
clear cause, should raise suspicion of LGL-
leukaemia (11). Some have questioned the
legitimacy of this diagnosis; in our opinion
it is useful even if we agree that the term
leukaemia may be challenging when infor-
ming patients. Firstly, the diagnosis can be
the end of long-winded diagnostic efforts.
Secondly, the diagnosis may lead to effecti-
ve treatment when indicated.

Drug treatment, in the form of cyclospori-
ne or methotrexate, is not cytoreductive but
immunomodulating. However, one may see
a reduction of the number of tumour cells in
blood and bone marrow with methotrexate
treatment, but this is not regarded as essen-
tial for the treatment effect. We do not have
exhaustive information about treatment
results in this patient material, but treatment
results for eight of the patients have been
published earlier as part of a larger inter-
national multicentre study (9). Cyclosporine
and methotrexate are regarded as equal treat-
ment alternatives, and response is expected
in 80 % of the patients (9). In a small mino-
rity of patients it may be indicated to com-
bine the immunomodulating treatment with
G-CSF or erythropoietin. The effect is
usually sustained with persistent immuno-

Table 2 Haematological parameters (median, spread) in patients with LGL-leukaemia by

clinical presentation

Thrombo-
Neutropenia Anaemia cytopenia Lymphocytosis
(n =26) (n=5) (n=1) (n=9)

Haemoglobin (g/100 ml) 12.2(7.3-17) 8.9 (6.4-11.3) 12.3 14.3(12.1-16.8)
Leukocytes (- 10%/1) 2.7 (0.8-18.6) 8.95(2.7-13.5) 4.06 12.3(8.7-453)
Granulocytes (- 107/1) 0.2(0-3.8) 1.5 (0.86-2.0) 2.07 3.2 (< 1-11.41)
Lymphocytes (- 10%/) 1.46 (0.64-13.4) 6.1 (1.42-10.78) 1.47 8.8 (4.9-247)
Thrombocytes (- 107/1) 191 (99-414) 315 (158-456) 68 198 (42-333)

Table 3 Treatment for LGL-leukaemia at Rikshospitalet

Indication

Granulocytopenia

Cyclosporine 9

Methotrexate 4

Cyclosporine with G-CSF 2
Anaemia

Cyclosporine 4

Methotrexate 2

Pentostatin 1

Cyclosporine with/erythropoietin 2
Thrombocytopenia

Cyclosporine 1

modulating treatment, even if the cytokine
treatment is discontinued (9). The immuno-
modulating treatment can usually not be dis-
continued without loss of effect even if the
remission may persist for years after end of
treatment in a few patients (9). Powerful
cytoreductive treatment will often prove to
be ineffective (12). No published results are
available that recommend treatment in those
rare patients where LGL-leukaemia have an
aggressive phenotype. The presentation in
one of our patients had much in common
with T-PLL, and we therefore chose a treat-
ment strategy as for this condition (13).

At least a third of patients were asympto-
matic, and especially in these one may
naturally ask whether it was right to diagno-
se them with LGL-leukaemia. It is possible
that the term MTL (monoclonal T-lymphoc-
ytosis), which so far has not been launched
internationally, would be at least as suitable,
and at least as easy to relate to for the pa-
tients. MBL (monoclonal B-lymphocytosis)
has been launched as a term in cases where
there is a clonal expansion of mature B-
lymphocytes, but only in cases where the
diagnostic demands for chronic lymphatic
leukaemia or other chronic lymphoproliphe-
rative disease have not been met (14). LGL-
leukaemia of the indolent type seldom or
never shows any substantial progression as a
tumour disease, and transformation to an
aggressive prolipherative disease is rare
(15). Therefore, there are arguments for
using the MTL term instead of T-LGL-

No. of patients

No. of responders Not assessable

8 1
3 1
2
3 1
1
1
1
0

leukaemia, especially in cases where pa-
tients lack clinical manifestations.

Silje Michalsen and Elisabeth Schrumpf have con-
tributed equally to this manuscript.

Disclosed conflicts of interest: Vigdis Stenberg has
received economical support for congresses and
scientific meetings/courses from companies that
market drugs for treatment of malignant blood
diseases. Other authors have not disclosed any
conflicts of interest.

Literature

1. Lamy T, Loughran TP. Large granular lymphocyte
leukemia. Cancer Control 1998; 5: 25-33.

2. Loughran TP jr, Kadin ME, Starkebaum G et al.
Leukemia of large granular lymphocytes: associ-
ation with clonal abnormalities and autoimmune
neutropenia, thrombocytopenia and haemolytic
anmeia. Ann Intern Med 1985; 102: 169-75.

3. Hovig T, Jeremic M, Stavem P. A new type of inclu-
sion bodies in lymphocytes. Scand J Haematol
1968; 5: 81-96.

4. Brouet JC, Sasportes M, Flandrin G et al. Chronic
lymphocytic leukaemia of T-cell origin. Immunolo-
gical and clinical evaluation in eleven patients.
Lancet 1975; 2: 890-3.

5. McKenna RW, Parkin J, Kersey JH et al. Chronic
lymphoproliferative disorder with unusual clinical,
morphological, ultrastructural and membrane
surface marker characteristics. Am J Med 1977;
62:588-96.

6. Loughran TP jr. Clonal diseases of large granular
lymphocytes. Blood 1993; 82: 1-14.

7. Berentsen S, Bruserud @, Ulvestad E. Storcellet
granuleer lymfocyttleukemi. Tidsskr Nor Laege-
foren 1998; 118: 1045-8.

8. SokolL, Loughran TP jr. Large granular lympho-
cyte leukemia. Oncologist 2006; 11: 263-73.



Osuji N, Matutes E, Tjgnnfjord G et al. T-cell large
granular lymphocyte leukemia: A report on the
treatment of 29 patients and a review of the litera-
ture. Cancer 2006; 107: 570-8.

. Kyle RA, Therneau TM, Rajkumar SV et al. Preva-

lence of monoclonal gammopathy of undeter-
mined significance. N Engl J Med 2006; 354:
1362-9.

. Viny AD, Lichtin A, Pohlman B et al. Chronic B-cell

dyscrasias are an important clinical feature of T-
LGL leukemia. Leuk Lymphoma 2008; 49: 932-8.

. Osuji N, Matutes E, Wotherspoon A et al. Lessons

from a case of T-cell large granular lymphocytic
leukaemia suggesting that immunmodulatory
therapy is more effective than intensive treatment.
Leuk Res 2005; 29: 225-8.

. Dearden CE, Matutes E, Cazin B et al. High remis-

sion rate in T-cell prolymphocytic leukemia with
CAMPATH-1H. Blood 2001; 98: 1721-6.

. Marti GE, Rawstron AC, Ghia P et al. Diagnostic

criteria for monoclonal B-cell lymphocytosis.
Br J Haematol 2005; 130: 325-32.

. Matutes E, Wotherspoon AC, Parker NE et al.

Transformation of T-cell large granular lympho-
cyte leukaemia into a high-grade large T-cell
lymphoma. Br J Haematol 2001; 115: 801-6.

The manuscript was received 27.04.2008 and
accepted for publication 27.03.2009. The medical
editor was A°slaug Helland.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.25000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.25000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.16000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


