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Abstract Background:. Peritoneal surface malignancy
resulting from local dissemination is a common manifes-
tation of treatment failure of gastrointestinal cancers.
Although the management of carcinomatosis has been
improved with an aggressive surgical approach of exten-
sive cytoreduction followed by heated intraoperative
intraperitoneal chemotherapy, no patients are cured
when there is residual disease after surgery. Melphalan
(L-phenylalanine mustard) is a well-known antineoplas-
tic alkylating agent which has markedly increased phar-
macological activity with heat. The use of heated
intraoperative intraperitoneal melphalan may provide a
pharmacokinetic and clinical advantage in this group of
gastrointestinal cancer patients who cannot be made
cancer-free with cytoreductive surgery. Methods: Thir-
teen patients with residual disease following cytoreduc-
tive surgery for peritoneal carcinomatosis were included
in this study. After surgical resection and prior to anasto-
motic reconstruction, patients received intraperitoneal
melphalan (70 mg/m?) in 31 of 1.5% dextrose peritoneal
dialysis solution at 41-42°C for 90 min. Concentrations
of melphalan were assessed in the peritoneal fluid, blood,
urine and tumor nodules using high-performance liquid
chromatography. Results: During the 90 min of treat-
ment 87.2+4.3% of the drug was absorbed from the per-
fusate/peritoneal fluid and 11.942.1% was excreted in the
urine. The area-under-the-curve ratio of peritoneal fluid
to plasma was 33.3£11.8 with an average peak plasma
concentration of 0.82+0.24 pg/ml occurring at
28.5+13.1 min. Concentrations of melphalan in tumor
nodules on the peritoneal surface were approximately
ten times higher than in plasma with an average peak
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concentration of 7.24+4.2 pg/gm. The grade III/IV
morbidity was 38%; there was no mortality. Conclusion:
Approximately 90% of the drug was absorbed during the
90-minute procedure with a 30 times greater exposure of
drug at the peritoneal surfaces than in the blood. Con-
centrations of the drug in peritoneal surface tumor nod-
ules were approximately ten times greater than
concentrations in the blood. These data demonstrate that
heated intraoperative intraperitoneal melphalan could
have a significant impact on the treatment of peritoneal
surface malignancies.
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Introduction

The prognosis of locally disseminated peritoneal surface
malignancies has been improved with an aggressive sur-
gical approach with cytoreduction followed by heated
intraoperative intraperitoneal chemotherapy. This com-
bination of treatments has been extensively reported in
the medical literature [1-4]. The morbidity is 28% with a
2% mortality [5, 6]. However, there are no patients cured
when there is residual disease following surgery [1, 3, 4].
Clearly more adequate treatment of peritoneal surface
malignancy is needed for this group of patients who can-
not be made disease free by cytoreductive surgery.
Melphalan (L-phenylalanine mustard) is an effective
and well-known antineoplastic alkylating agent that has
been in use for over 50 years [7]. It has markedly
increased pharmacological activity with heat, both in
vitro and in vivo [8-10]. Clinically it remains the most
effective single drug used in heated limb perfusion to treat
in transit metastases from melanomas and advanced
primary or recurrent extremity soft tissue sarcomas.[11,
12] Extensive phase I and phase II pharmacokinetic stud-
ies with normothermic intraperitoneal melphalan were
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conducted by Howell et al. [13]. These studies showed
that melphalan was tolerated up to a dose of 70 mg/m>
with no local toxicity. The limiting toxicity was systemic
myelosuppression and there were no deaths or major
complications in this group of 19 patients.

The present study was designed to assess the pharma-
cokinetics and to evaluate the potential clinical advanta-
ges of heated intraoperative intraperitoneal melphalan as
adjuvant therapy for patients with residual disease after
cytoreductive surgery for peritoneal surface malignan-
cies. Morbidity and mortality assessments were per-
formed on all patients.

Methods

Thirteen patients with peritoneal carcinomatosis from
colon cancer or appendix cancer were included in this
study; in ten patients complete pharmacological studies
were available. All patients signed an informed consent
approved by the institutional research review board. All
patients had cytoreductive surgery followed by 90 min of
heated intraoperative intraperitoneal chemotherapy. The
dose of melphalan was 70 mg/m? for all patients admin-
istered in 3 1 of 1.5% dextrose peritoneal dialysis solution.
The melphalan solution was maintained at a tempera-
ture of 41-42°C within the peritoneal cavity by a heater-
circulator.

Administration of heated intraoperative intraperitoneal
chemotherapy

After the surgical resection was complete and before sur-
gical reconstruction, a Tenckhoff catheter and four
closed suction drains were placed through the abdominal
wall. One temperature probe was secured to the Tenck-
hoff catheter, and two other temperature probes were
placed at the uppermost and lowest regions of the perito-
neal cavity. The skin edges were elevated by monofila-
ment sutures creating a reservoir within the peritoneal
cavity to accommodate 3 1 of the heated melphalan solu-
tion [14]. Recirculation of the heated melphalan solution
was facilitated by roller pumps which forced the solution
into the abdomen through the Tenckhoff catheter and
pulled it out through the drains. A heater and heat
exchanger were used to maintain the intraperitoneal fluid
temperature at 41-42°C. During the 90 min of chemo-
therapy irrigation, the surgeon’s double-gloved hand
manually distributed the heated chemotherapy solution
and vigorously manipulated all viscera in an attempt to
maintain uniform exposure of all anatomic structures
within the peritoneal cavity.

Collection of samples
Prior to and every 15 min during the 90 min of perfusion,

samples of peritoneal fluid, blood and urine and
small (< 1 cm) tumor nodules, were obtained for high-

performance liquid chromatography (HPLC) analysis of
melphalan concentration. For each 15-min urine sample,
the total volume of urine excreted was also recorded. At
90 min the perfusate was drained from the peritoneal
cavity and the volume was recorded. An additional sam-
ple of blood and urine was obtained at 120 min. In a sin-
gle patient samples of normal peritoneal surface tissues
were also harvested to assess any difference in drug con-
centration between tumor and normal tissue. All samples
were placed on ice immediately after collection and pro-
cessed for storage immediately after the 120-min sample
was obtained.

Processing and storage of samples

Peritoneal fluid and blood samples were centrifuged at
3,000 rpm for 10 min. The resulting plasma from blood
samples and the supernatant from peritoneal fluid sam-
ples were transferred to capped polypropylene tubes for
storage. Tumor and normal tissue samples were ‘blotted’
with absorbent gauze pads to remove all surface fluid
and placed in screw-capped polypropylene scintillation
vials. All samples were stored at —20°C until HPLC
analysis. For all patients HPLC analysis of samples was
performed within 24 h of collection.

HPLC system

Melphalan concentrations were determined using a mod-
ification of the HPLC method as described by Norda
et al. [15]. The HPLC system consisted of a Shimadzu
LC7A instrument equipped with an SPD-6AV (UV-VIS)
detector set at 270 nm and a C-R6a Chromatopac data
processor. A Dynamax reversed-phase C;3 column
(150 x 4.6 mm?) of Microsorb 100A° 5 um particles was
used coupled to a guard column of the same chemical
consistency (Varian Associates, Walnut Creek, CA,
USA). The mobile phase consisted of an isocratic mix-
ture of 30% acetonitrile in 0.05 M NaH,PO, with the pH
adjusted to 3.5 with phosphoric acid. The flow rate was
set at 1.2 ml/min and the volume of sample injections
was 50 ul. All solvents used were HPLC grade (Fisher
Scientific, Norcross, GA, USA).

Preparation of samples for HPLC analysis

All samples were prepared for HPLC analysis using the
methanol extraction technique described by Wu et al.
[16]. Briefly, peritoneal fluid and urine samples were
diluted with methanol, as required, and filtered through
0.45 um syringe filters prior to HPLC injection. Plasma
samples were thoroughly mixed with a five times volume
of methanol, using a vortex mixer. After centrifugation,
50 ul of the supernatant was injected directly into the
HPLC system. For tissue samples, approximately 100 mg
of each sample was accurately weighed and homogenised
in 4 ml methanol. The homogenate was centrifuged and
a 50-ul aliquot of the supernatant was injected for HPLC
analysis.



Morbidity and mortality assessment

A morbidity and mortality database was maintained on
each patient while in the hospital and for 6 months after
surgery. The NCI toxicity grading was performed where
grade I indicated that an adverse event occurred which
did not require treatment. Grade II indicated that the
adverse event required medical treatment. Grade III
indicated that the adverse event required an invasive
intervention, usually a radiologically guided procedure.
A grade IV adverse event indicated a need for return to
the operating room or surgical intensive care unit. A
grade V adverse event resulted in a postoperative death.

Results

Table 1 and Fig. 1 present a summary of the pharmaco-
kinetic data obtained from 90 min of heated intraopera-
tive intraperitoneal melphalan treatment. The median
total dose of intraperitoneal melphalan for all patients
was 129.74£9.7 mg, which corresponded to a median
body surface area of 1.86+0.14 m> The median total
dose for males was 135.8+5.1 mg and the median dose
for females was 125.74+10.2 mg. This difference was sig-
nificant (P = 0.037). During the 90-min chemotherapy
irrigation a median of 87.2+4.3% of total melphalan was
absorbed. The median percentage of melphalan
absorbed was 89.242.5% for males and 85.8+4.9% for
females. This difference was not significant. However, the
rate of drug absorption during the first 15 min was sig-
nificantly higher for males than for females. Males
absorbed 40.31+9.2% while females absorbed 27.81+6.5%
(P = 0.033). The median amount of drug excreted in
urine was 11.9(£2.1)% for all patients; males excreted
12.34+2.5% and females excreted 11.742.1%.
Concentrations of drug in the plasma reached a
median peak level of 0.824+0.24 ng/ml in approximately
30 min. The median concentration of drug in plasma for
males was higher than for females. The median peak
plasma concentration was 0.96+0.29 pg/ml for males and
0.724+0.17 pg/ml for females. This difference was not
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Fig. 1 Mean concentration versus time curves for peritoneal fluid,
plasma, tumor nodules, and urine of ten patients during 90 min of
heated intraoperative intraperitoneal melphalan perfusion with
urine and plasma concentrations at 120 min. The melphalan concen-
tration in tumor nodules is given in micrograms per gram

significant. The median area-under-the-curve (AUC) ratio
of peritoneal fluid to plasma was 33.3(+11.8). The AUC
ratio of peritoneal fluid to plasma was greater in females
(37.6%12.2) than in males (26.8+8.8). This difference was
not significant. The median peak melphalan concentra-
tion in tumor nodules was 7.2(+4.2) pg/gm occurring at
approximately 15 min. The median AUC ratio of tumor
nodules to plasma was 8.1(+5). Figure 2 shows the differ-
ence in peritoneal fluid pharmacokinetics of males versus
females. The initial rate of absorption of drug from peri-
toneal fluid is greater in male patients (P = 0.033).

In a single patient melphalan levels in normal tissues
on the peritoneal surfaces were determined along with
the tumor nodules, peritoneal fluid and plasma chemo-
therapy levels. A graphic summary of this data is pre-
sented in Fig. 3. Melphalan levels in normal tissues were
approximately two times higher than in tumor nodules.

Morbidity/mortality data was available on 13
patients. There were no postoperative deaths. Four
patients had no in-hospital adverse events. Five patients
had a grade III or IV adverse event (leak from a rectal

Table 1 Heated intraoperative intraperitoneal melphalan. A summary of the pharmacokinetic data in ten patients

Parameters Average (10) Males (4) Females (6) P value
(males—females)
Age of patients (yearsz) 47.5 (£15) 50.5 (£22.5) 45.5(£9.3) NS
Body surface area (m°) 1.86 (£0.14) 1.93 (£0.05) 1.81 (£0.16) 0.054*
Total drug (mg) administered 129.7 (£9.7) 135.8 (£5.1) 125.7 (£10.2) 0.037
Total drug (mg) recovered at 90 min 16.5 (£5) 14.7 (£3.6) 17.7 (£5.8) NS
Percentage of drug absorbed at 90 min 872 (+4.3) 89.2 (£2.5) 85.8 (£4.9) NS
Percentage of drug absorbed within 15 min 329 (£9.7) 40.3 (£9.2) 27.8 (£6.5) 0.033
Percentage of drug excreted in urine at 90 min 119 (£2.1) 12.3 (£2.5) 11.7 (£2.1) NS
Peak plasma level (pg/ml) 0.82 (+£0.24) 0.96 (£0.29) 0.72 (£0.17) NS
Time in min. to peak plasma level 30 (£12.2) 30 (£17.3) 30 (£9.5) NS
AUC ratio (AUC-PF/AUC-PL) 333 (£11.8) 26.8 (£8.8) 37.6 (£12.2) NS

The peak melphalan concentration in tumor nodules was 7.2+4.2 pg/gm at approximately 15 min. The AUC ratio of tumor nodules to

plasma was 8.1+5
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Fig. 2 The difference in peritoneal fluid pharmacokinetics in men
versus women as expressed by the percent of melphalan absorbed
during 90 min of heated intraoperative intraperitoneal melphalan
perfusion. Differences were statistically significant at 15 min
(P = 0.033)
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Fig. 3 Concentration versus time curves for peritoneal fluid, plas-
ma, tumor nodules and normal peritoneal surface tissues in a single
patient during 90 min of heated intraoperative intraperitoneal
melphalan perfusion

stump, pancreatitis, myelosuppression, small bowel
fistula and lower leg muscle compartment syndrome).
Four patients had grade I/II complications.

Discussion

The pharmacokinetic advantage of intraperitoneal che-
motherapy for the treatment of peritoneal surface malig-
nancy has been well documented. Intraperitoneal
administration results in sustained high local concentra-
tion of drug with corresponding low systemic levels.
According to a distribution model proposed by Dedrick
et al. [17] there is a predictable delayed distribution of
drug into the systemic compartment following intraperi-
toneal administration. This phenomenon, which has
been referred to as the peritoneal-plasma barrier, is

dependent on diffusion of drug into tissues adjacent to
the peritoneal space, the rate of removal of the drug by
capillary blood flow within these tissues, and the rate of
drug clearance from the blood [18]. With a mean AUC
ratio of 33.3, melphalan is a promising drug by which to
exploit the pharmacokinetic advantage of intraperito-
neal administration.

In a study to assess the extent of thermal enhance-
ment of chemotherapeutic agents, Urano et al. [§] dem-
onstrated that melphalan had a maximal thermal
enhancement ratio when heated to 41.5°C. Using an ani-
mal model for isolated limb perfusion with heated mel-
phalan, Norda et al. observed that the highest tissue
penetration of drug was obtained when (a) the pH of the
perfusate was within the physiological range, (b) the per-
fusate temperature ranged between 40 and 41.5°C and (¢)
the perfusion time was more than 60 min [15]. From a
theoretical perspective, not only a pharmacologic advan-
tage from increased intraperitoneal concentration, but
also a melphalan and heat synergy at the peritoneal sur-
face suggest the possibility of remarkable cancer eradica-
tion with heated intraperitoneal melphalan.

The rate of absorption of melphalan during 90 min of
hyperthermic intraoperative intraperitoneal administra-
tion was more rapid than the rate of absorption during
4 h normothermic intraperitoneal administration as
reported by Howell et al. [13]. After 4 h of intraperito-
neal dwell approximately 90% of the total drug was
absorbed from 21 of a normothermic melphalan solu-
tion. During only 90 min of heated intraoperative intra-
peritoneal administration approximately 90% of the
total melphalan was absorbed. This increased rate of
absorption may be attributed to a heat-activated
increased diffusion of the drug into adjacent tissues [19].
Also the manual distribution of the chemotherapy solu-
tion by the surgeon’s gloved hand may also support
increased diffusion of drug into peritoneal surface tis-
sues. The tissue penetration of melphalan was further
evidenced by the high levels of drug in tumor nodules
and tissues adjacent to the peritoneal surface. The expo-
sure of drug to tumor nodules on peritoneal surfaces, as
evident by the AUC, was approximately ten times
greater than to plasma.

The median peak level of melphalan in plasma in our
patients was 0.8240.24 pg/ml. This was more than twice
as high as the median peak plasma level of
0.306+0.289 pg/ml in four patients from the study of
Howell et al. Both groups were treated with melphalan at
70 mg/m?. Peak plasma concentrations occurred within
the first 30 min during the hyperthermic intraperitoneal
melphalan administration as compared to approximately
60 min with the normothermic study.

Howell et al. [13] showed that the dose of intraperito-
neal melphalan could be increased to more than three
times the maximum tolerated intravenous dose of
approximately 20 mg/m? without acute local or systemic
toxicity. Based on these findings, we used an intraperito-
neal dose of 70 mg/m? of melphalan for patients in this
study. The chemotherapy was administered in 3 1 of 1.5%



dextrose peritoneal dialysis solution, the solution was
maintained at a temperature of approximately 41°C
during the 90 min of treatment, and continuous manual
distribution of the chemotherapy solution maintained
uniform distribution. This uniform methodology led to a
grade III/IV morbidity of 38% with no mortality. A slight
dose reduction to 60 mg/m? is suggested for future clinical
use of hyperthermic intraoperative intraperitoneal mel-
phalan to reduce the adverse events to the 20% range as is
usually reported with this treatment modality [5, 6].

There were some differences between males and
females in this study. There was a borderline significant
difference in the body surface area of the two groups and
a significant difference in the total drug administered.
There was a significant increase in the rate of absorption
of drug in males during the first 15 min of chemotherapy
irrigation. This increased rate of absorption for male
patients translated into higher plasma levels and a larger
AUC peritoneal fluid to AUC plasma for females. Rubin
et al. determined that there was a poor correlation of
peritoneal surface area with calculated body surface,
body weight and distance between the xiphisternal notch
and symphysis pubis and suggested that it was unlikely
that such a correlation would be found in the future [20].
However, the data from this study suggests that there
might be a significant difference between the peritoneal
surface area of males and females leading to a more
rapid chemotherapy absorption in males.

This study supports the theory that heated intraperi-
toneal intraoperative melphalan perfusion can be a valu-
able asset in the treatment of patients with residual
disease following cytoreductive surgery for peritoneal
surface malignancies. A distinct pharmacological advan-
tage was demonstrated with high levels of drug penetrat-
ing into tumor nodules on the peritoneal surface. The
course of these patients will be carefully followed to
determine the efficacy of this treatment protocol.

References

1. Sugarbaker PH (1999) Management of peritoneal surface malig-
nancy: the surgeon’s role. Langenbeck Arch Surg 384:576-587

2. Glehen O, Gilly FN, Sugarbaker PH (2003) New perspectives in
the management of colorectal cancer. What about peritoneal
carcinomatosis? Scand J Surg 92(2):178-179

3. Verwaal V], van Ruth S, de Bree E, van Slooten GW, van Tint-
eren H, Boot H, Zoetmulder FAN (2003) Randomized trial of
cytoreduction and hyperthermic intraperitoneal chemotherapy
versus systemic chemotherapy and palliative surgery in patients
with peritoneal carcinomatosis of colorectal cancer. J Clin On-
col 21(20):3737-3743

4. Glehen O, Kwiatkowski F, Sugarbaker PH, Elias D, Levine EA,
De Simone M, Barone R, Yonemura Y, Cavaliere F, Quenet F,

10.

11.

12.

13.
14.

15.

16.

17.

18.
19.

20.

155

Gutman M, Tentes AAK, Lorimier G, Bernard JL, Bereder IM,
Porcheron J, Gomez-Portilla A, Sheu P, Deraco M, Rat P
(2004) Cytoreductive surgery combined with perioperative
intraperitoneal chemotherapy for the management of peritoneal
carcinomatosis: a multi-institutional study. J Clin Oncol
22(16):3284-3292

. Jacquet P, Stephens AD, Averbach AM, Chang D, Ettinghausen

SE, Dalton RR, Steves MA, Sugarbaker PH (1996) Analysis of
morbidity and mortality in 60 patients with peritoneal carcino-
matosis treated by cytoreductive surgery and heated intraopera-
tive intraperitoneal chemotherapy. Cancer 77:2622-2629

. Stephens AD, Alderman R, Chang D, Edwards G, Esquivel J,

Sebbag G, Steves MA, Sugarbaker PH (1999) Morbidity and
mortality analyses of 200 treatments with cytoreductive surgery
and hyperthermic intraoperative intraperitoneal chemotherapy
using the coliseum technique. Ann Surg Oncol 6(8):790-796

. Sarosy G, Leyland-Jones B, Soochan P, Cheson BD (1988) The

systemic administration of intravenous melphalan. J Clin Oncol
6(11):1768-1782

. Urano M, Kuroda M, Nishimura Y (1999) Invited review: for

the clinical application of thermochemotherapy given at mild
temperatures. Int J Hyperthermia 15(2):79-107

. Urano M, Ling CC (2002) Thermal enhancement of melphalan

and oxaliplatin cytology in vitro. Int J Hyperthermia 18(4):307-
315

Mohamed F, Marchettini P, Stuart OA, Urano M, Sugarbaker
PH (2003) Thermal enhancement of new chemotherapeutic
agents at moderate hyperthermia. Ann Surg Oncol 10(4):463—
468

Lienard D, Eggermont AM, Kroon BBR, Koops HS, Lejeune
FJ (1998) Isolated limb perfusion in primary and recurrent mel-
anoma: Indications and results. Semin Surg Oncol 14:202-209
Koops HS, Eggermont AM, Lienard D, Kroon BBR, Hoekstra
JH, Van Geel AN, Nieweg OE, Lejeune FJ (1998) Hyperthermic
isolated limb perfusion for the treatment of Soft tissue sarcomas.
Semin Surg Oncol 14:210-214

Howell SB, Pfeifle CE, Olshen RA (1984) Intraperitoneal che-
motherapy with melphalan. Ann Int Med 101:14-18
Sugarbaker PH, Averbach AM, Jacquet P, Stephens AD, Stuart
OA (1996) A simplified approach to hyperthermic intraopera-
tive intraperitoneal chemotherapy (HIIC) using a self retaining
retractor. In: Sugarbaker PH (eds) Peritoneal carcinomatosis:
principles of management. Kluwer, Boston, pp 415-421

Norda A, Loos U, Sastry M, Goehl J, Hohenberger W (1999)
Pharmacokinetics of melphalan in isolated limb perfusion. Can-
cer Chemother Pharmacol 43:35-42

Wu Z2Y, Thompson MJ, Roberts MS, Addison RS, Cannell GR,
Grabsm AJ, Smithers BM (1995) High performance liquid chro-
matographic assay for the measurement of melphalan and its
hydrolysis products in perfusate and plasma and melphalan in
tissues from human and rat isolated limb perfusions. J Chroma-
togr 673:267-279

Dedrick RL, Flessner MF (1997) Pharmacokinetic problems in
peritoneal drug administration: tissue penetration and surface
exposure. J Natl Cancer Inst 89(7):480-487

Jacquet P, Sugarbaker PH (1996) Peritoneal-plasma barrier.
Cancer Treat Res 82:53

Jacquet P, Averbach A, Stuart OA, Chang D, Sugarbaker PH
(1998) Hyperthermic intraperitoneal doxorubicin: pharmacoki-
netics, metabolism, and tissue distribution in a rat model. Can-
cer Chemother Pharmacol 41(2):147-154

Rubin J, Clawson M, Planch A, Jones Q (1988) Measurement of
peritoneal surface area in man and rat. Am J Med Sci
295(5):453-458



	Pharmacokinetic and phase II study of heated intraoperative intraperitoneal melphalan
	Abstract
	Introduction
	Methods
	Administration of heated intraoperative intraperitoneal chemotherapy
	Collection of samples
	Processing and storage of samples
	HPLC system
	Preparation of samples for HPLC analysis
	Morbidity and mortality assessment
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


