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Purpose: To retrospectively assess the incidence and time course of renal dysfunction in children (≤ 16 years) following to-
tal-body irradiation (TBI) before allogeneic stem cell transplantation (SCT).
Patients and Methods: Between 1986 and 2003, 92 children (median age, 11 years; range, 3–16 years) underwent TBI before 
allogeneic SCT. 43 of them had a minimum follow-up of 12 months (median, 51 months; range, 12–186 months) and were included 
into this analysis. Conditioning regimen included chemotherapy and fractionated TBI with 12 Gy (n = 26) or 11.1 Gy (n = 17). In 
one patient, renal dose was limited to 10 Gy by customized renal shielding due to known nephropathy prior to SCT. Renal dysfunc-
tion was defined as an increase of serum creatinine > 1.25 times the upper limit of age-dependent normal.
Results: Twelve children (28%) experienced an episode of renal dysfunction after a median of 2 months (range, 1–10 months) 
following SCT. In all but one patient renal dysfunction was transient and resolved after a median of 8 months (range, 3–16 
months). One single patient developed persistent renal dysfunction with onset at 10 months after SCT. None of these patients 
required dialysis. The actuarial 3-year freedom from persistent renal toxicity for children surviving > 12 months after SCT was 
97.3%.
Conclusion: The incidence of persistent renal dysfunction after fractionated TBI with total doses ≤ 12 Gy was very low in this 
analysis.
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Renale Spättoxizität im Kindesalter nach fraktionierter Ganzkörperbestrahlung (TBI) vor allogener 
Stammzelltransplantation (SCT)

Ziel: In einer retrospektiven Analyse wurden die Inzidenz und der zeitliche Verlauf der renalen Spättoxizität bei Kindern 
(≤ 16 Jahre) nach Ganzkörperbestrahlung (TBI) vor allogener Stammzelltransplantation (SCT) untersucht.
Patienten und Methodik: Von 1986 bis 2003 erhielten 92 Kinder (medianes Alter 11 Jahre; Streubreite 3–16 Jahre) eine 
fraktionierte TBI vor allogener SCT. 43 Patienten wiesen eine Nachbeobachtungszeit von mindestens 12 Monaten auf (median 
51 Monate; Streubreite 12–186 Monate) und gingen in diese Analyse ein. Die Konditionierung bestand aus einer Chemotherapie 
und einer fraktionierten TBI mit 12 Gy (n = 26) bzw. 11,1 Gy (n = 17). Bei einem Patienten wurde aufgrund einer vorbestehenden 
Nephropathie die Nierendosis durch individuelle Ausblockung auf 10 Gy begrenzt. Als renale Dysfunktion wurde ein Anstieg des 
Serumkreatinins über das 1,25fache des jeweils altersabhängigen oberen Grenzwerts nach SCT definiert.
Ergebnisse: Zwölf Kinder (28%) entwickelten eine renale Dysfunktion median 2 Monate nach SCT (Streubreite 1–10 Monate). Bei 
elf dieser Patienten war die renale Dysfunktion temporär mit Normalisierung nach median 8 Monaten (Streubreite 3–16 Monate). 
Nur bei einem Kind lag eine persistierende renale Dysfunktion vor, die 10 Monate nach SCT auftrat. Keines dieser Kinder wurde 
dialysepflichtig. Die aktuarische 3-Jahres-Freiheit von persistierenden renalen Funktionseinschränkungen bei Kindern mit einem 
Nachbeobachtungszeitraum von mindestens 12 Monaten nach SCT betrug 97,3%.
Schlussfolgerung: Die Inzidenz einer persistierenden renalen Dysfunktion nach fraktionierter TBI mit einer Gesamtdosis 
≤ 12 Gy war in dieser Analyse sehr niedrig.
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Introduction
In patients with various malignant hematologic diseases, con-
ditioning chemotherapy combined with total-body irradiation 
(TBI) followed by allogeneic stem cell transplantation (SCT) 
is a treatment approach with high curative potential [1, 15]. 
Due to the comparatively high radiosensitivity TBI is a com-
monly accepted treatment option in leukemia and malignant 
lymphoma before SCT [10, 16, 24, 28].

With longer follow-up, long-term side effects including 
chronic graft-versus-host disease (GVHD) may emerge, e.g., 
pulmonary and renal toxicities [8, 14, 18, 21, 27]. In children, 
lower organ-specific radiation tolerance doses have to be con-
sidered, although systematic reports on dose-dependent late 
effects in children are still missing up to now [3, 4]. So far, 
only limited data are available on long-term renal toxicity in 
children following TBI.

We here report our single-center experience regard-
ing long-term renal side effects in children treated with TBI 

before SCT during a time period of 17 years and a minimum 
follow-up of 12 months.

Patients and Methods
Between 01/1986 and 08/2003, 92 consecutive children (de-
fined as patients ≤ 16 years at the time of SCT) were treated 
with TBI as part of their conditioning regimen before SCT at 
our department. Median age was 11 years (range, 3–16 years). 
Inclusion criteria for this long-term analysis were allogeneic 
SCT and a follow-up of at least 12 months. 46 (50%) children 
died within the first 12 months after SCT, while three children 
were lost to follow-up. The remaining 43 children fulfilled 
the inclusion criteria with a median follow-up of 51 months 
(range, 12–186 months).

The majority of children (n = 36, 84%) had acute lym-
phoblastic leukemia (ALL). The chemotherapy conditioning 
regimen consisted of etoposide alone (n = 31) or combined 
with cyclophosphamide (n = 6) or thiotepa (n = 6). 20 children 
were treated in first remission and 23 children in second remis-
sion. 27 children (62.5%) developed acute GVHD and nine 
children (20.9%) had chronic GVHD.

Total dose of fractionated TBI was 11.1 Gy using a co-
balt-60 unit until 1993 and 12 Gy using a linac since 1994. 
Single doses ranged between 1.5 and 2.0 Gy with two daily 
fractions given on 3–4 consecutive days in the majority of 
patients (91%). TBI was performed using anteroposterior/ 
posteroanterior and lateral portals at a ratio of 1/3 and 2/3, 
respectively. Details of TBI are given in Table 1. Lung dose 
was limited to 9 Gy using customized lung shielding. In one 
child, the renal dose was limited to 10 Gy by individual 
shielding due to known methotrexate-induced nephropathy 
prior to SCT.

For evaluation of renal function during follow-up, serum 
creatinine was chosen because this parameter could be ob-
tained easily and consistently in all patients at different time 
points. Renal dysfunction was defined as an increase of serum 
creatinine > 1.25 times the upper limit of age-dependent nor-

mal. Data about creatinine clearance, 
proteinuria and hypertension were in-
cluded into this evaluation if available 
in the patients records.

Statistical Analysis
All statistical analyses were performed 
using the software package SPSS, ver-
sion 11.5. Overall and disease-free sur-
vival as well as survival without renal 
dysfunction were estimated using the 
Kaplan-Meier method. The following 
categorical variables were analyzed 
univariately using the log-rank test and 
multivariately using stepwise Cox pro-
portional hazard analysis: gender, re-
mission status at SCT (1st CR vs. > 1st 

Table 1. Treatment parameters in 43 children receiving fractionated 
total-body irradiation. AP/PA: anteroposterior/posteroanterior.

Tabelle 1. Bestrahlungsparameter der 43 Kinder mit fraktionierter 
Ganzkörperbestrahlung. AP/PA: anteroposterior/posteroanterior.

   Patients (n)

Total dose (Gy)   
11.1 (cobalt-60)   17
12.0 (linac-based)   26
Dose rate (Gy/min)   
Beams arrangements Lateral AP/PA 
Cobalt-60 0.05 0.55 17
Linac 0.15–0.25 0.75 26
Number of fractions/single 
dose (Gy)/fractions per day   
4/3/1     4
6/2/2   14
7–8/1.5–1.8/2   25
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Figure 1. Individual serum creatinine values as a function of time in twelve children developing 
renal dysfunction after fractionated TBI.

Abbildung 1. Zeitlicher Verlauf der Serumkreatininwerte der zwölf Kinder mit renaler Dysfunk-
tion nach fraktionierter TBI.
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CR), diagnosis (ALL vs. non-ALL), chemotherapy regimen 
(cyclophosphamide vs. non-cyclophosphamide), GVHD (yes 
vs. no), total dose of TBI (11.1 Gy vs. 12 Gy), single dose of 
TBI (< 2.0 Gy vs. ≥ 2.0 Gy), and relapse after SCT (yes vs. 

no). The t-test was applied to correlate cumulative applica-
tion days of potentially nephrotoxic drugs like cyclosporine 
A, acyclovir, aminoglycosides or vancomycin with occurrence 
of renal dysfunction.

Results
After SCT an episode of renal dysfunction was observed in 
twelve children (28%) after a median of 2 months (range, 1–10 
months). In all but one patient (including the child with pre-
existing nephropathy) renal dysfunction was transient with a 
median time to complete recovery of 8 months (range, 3–16 
months). One single patient (9-year-old girl with acute my-
eloid leukemia) developed persistent renal dysfunction with 
onset at 10 months after SCT. The individual serum creatinine 
values as a function of time are depicted in Figure 1.

The actuarial 3-year freedom from persistent renal toxic-
ity for children surviving > 12 months after SCT was 97.3%. 
According to the Common Terminology Criteria CTCAE 
v3.0, late renal toxicity grade 1 was observed in nine children 
(21%) and grade 2 in three children (7%). No grade 3/4 tox-
icities occurred. None of the patients with renal dysfunction 
required dialysis at any time. Four children died during fol-
low-up including the child with persistent renal dysfunction 
due to recurrent malignant disease. Renal dysfunction-free 
survival was independent of the TBI dose regimens applied 
(Figure 2). Neither acute nor chronic GVHD had significant 
influence on renal dysfunction-free survival (acute p = 0.361, 
chronic p = 0.234).

In our patients, we found no correlation between de-
velopment of renal dysfunction and treatment duration with 
potentially nephrotoxic drugs like cyclosporine A, acyclovir, 
aminoglycosides or vancomycin. Cumulative application days 

of cyclosporine A and acyclovir in pa-
tients with and without renal dysfunc-
tion are shown in Figure 3.

No other patient- and treatment-
related variables had significant in-
fluence on development of renal dys-
function in univariate1 or multivariate2 
analysis: gender (p1 = 0.116, p2 = 0.207), 
remission status at SCT (p1 = 0.115, p2 = 
0.187), diagnosis (p1 = 0.346, p2 = 0.292), 
chemotherapy regimen (p1 = 0.660, p2 = 
0.590), single dose of TBI (p1 = 0.893, 
p2 = 0.926), and relapse after SCT (p1 = 
0.110, p2 = 0.118).

Discussion
TBI continues to be an important part 
of the conditioning regimen before 
SCT [2, 15, 26]. The growing number 
of long-term survivors after SCT has 
put more attention onto long-term side 
effects such as renal impairment. Espe-
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Figure 2. Actuarial renal dysfunction-free survival after fractionated 
TBI with doses ≤ 11.1 Gy versus 12 Gy (Kaplan-Meier, log-rank test, p = 
0.536).

Abbildung 2. Überleben ohne Auftreten einer renalen Dysfunk-
tion nach fraktionierter TBI mit ≤ 11,1 Gy versus 12 Gy (Kaplan-Meier, 
Log-Rank-Test, p = 0,536).

Figures 3a and 3b. Cumulative application days of a) cyclosporine A and b) acyclovir in early 
posttransplant period in children with (gray) and without (white) development of renal dys-
function. Boxplot diagrams indicating median values, standard deviation, and 95% confidence 
intervals.

Abbildungen 3a und 3b. Kumulative Zahl der Einnahmetage von a) Ciclosporin A und b) Aciclovir 
in der frühen Posttransplantationsphase bei Kindern mit (grau) und ohne (weiß) renale Dys-
funktion. Dargestellt sind Medianwerte, Standardabweichung und 95%-Vertrauensbereiche.
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cially in children, only limited data exist regarding late effects 
of TBI on renal function. Young age, multiagent chemother-
apy and potentially nephrotoxic drugs negatively impact on 
renal tolerance to TBI [5, 7, 9].

BMT (bone marrow transplantation) nephropathy is de-
fined as chronic renal dysfunction occurring approximately 
8–12 months after SCT, although in children, a latency period 
of only 3–6 months has also been described [5, 8, 13]. Radi-
ation-induced renal damage is a process of sclerosis and oc-
clusion of kidney arterioles with secondary degeneration of 
glomeruli and tubules resulting in interstitial renal fibrosis [12, 
23]. The spectrum of renal toxicity reaches from slight increase 
of the serum creatinine up to progressive renal insufficiency 
requiring dialysis [1, 8, 16, 21, 22]. Due to different definitions, 
incidence of BMT nephropathy varies from 3% to 50% with-
out age-specific analysis in most reports [5, 7, 20–22].

In this analysis, renal toxicity was based on the serum cre-
atinine level only due to its availability at different time points 
in all patients. Although minor renal function impairments 
may have been missed, one can assume that clinically relevant 
renal dysfunctions have been detected by this method, because 
a decrease in glomerular filtration rate almost always leads to 
an increase in serum creatinine level in young children [21].

While in adults renal tolerance after fractionated TBI 
has been estimated to be 14 Gy, in children it was assumed 
to be ≤ 12 Gy [9]. Miralbell et al. [21] reported on 79 patients 
with 10, 12, and 13.5 Gy of fractionated TBI and found a sig-
nificant increase of chronic nephropathy after 18 months at 
a rate of 5%, 26%, and 45%, respectively. A dose-response 
relationship was postulated as well by Cheng et al. [6] and Kal 
& van Kempen-Harteveld [17]. Contrarily, in a later report, 

Miralbell et al. [22] described an inverse correlation between 
TBI dose and incidence of renal dysfunction. However, in this 
analysis nephropathy correlated with application of potential-
ly nephrotoxic contrast agents as well as nephrotoxic drugs in 
the lower-renal-dose group.

In our analysis, we found a TBI dose of ≤ 12 Gy to rarely 
cause persistent nephropathy in children. We also could not 
find single dose to correlate with the incidence of renal dys-
function either. Accordingly, Röttinger et al. [25] and Kist-van 
Holthe et al. [19] noted that BMT nephropathy was rare when 
doses of fractionated TBI did not exceed 12 Gy. An overview 
of the literature including our own data is given in Table 2.

The potential benefit of renal shielding has been reported 
in recent publications. Igaki et al. [16] found a dose-response 
relationship for renal insufficiency among 109 patients be-
tween 5–54 years. By partial shielding, renal dose was limited 
to 10 Gy in six fractions of 1.7 Gy. Selective renal shielding 
increased renal dysfunction-free survival from 78.5% (12 Gy) 
to 100% (10 Gy) after 24 months. Lawton et al. [20] similarly 
reported a protective effect of partial renal shielding. Limiting 
renal doses to 9.8 and 11.9 Gy by partial shielding reduced 
the risk of chronic nephropathy after 30 months to 0% and 
14.1% compared to 29.4% after 14 Gy without renal shield-
ing. Several authors postulated that in children and patients 
with preexisting renal impairment the cumulative renal dose 
of fractionated TBI should be limited to 10 Gy [5, 17, 21].

Potential nephrotoxic drugs such as cyclosporine may im-
pact on late renal dysfunction [6, 22]. Frisk et al. [13] found 
that seven of 26 patients (27%) with chronic renal impairment 
after SCT had received more nephrotoxic antibiotics during 
early posttransplant period. In our analysis, we did not find a 

Table 2. Published data reporting on renal dose and incidence of renal dysfunction after fractionated total-body irradiation.

Tabelle 2. Literaturübersicht zur Dosisabhängigkeit der renalen Dysfunktion nach fraktionierter Ganzkörperbestrahlung.

Study Patients
(n)

Age
(median)
(years)

Renal dose 
total
(Gy)

Renal dose 
per fraction
(Gy)

Renal dys-
function
(%)

Persistent renal 
dysfunction
n (%)

Late renal toxi-
city grade I–IV
(n)

Follow-up 
median
(months)

Miralbell et al. [21] 79 3–56
(32.5)

10
12
13.5

1.66
2.0
2.25

  5
26
45

Not stated Not stated 18

Chou et al. [7] 58 0.9–18
(8.4)

12 2.0   3 2 (3) I/II: 1
III: 1

56

Borg et al. [5] 59 1–70
(50)

12 2.0 15 2 (3) I: 1
II: 2

29

Miralbell et al. [22] 71 17–61
(41)

10
12
13.5

1.66
2.0
2.25

50
41
14

Not stated Not stated 32

Esiashvili et al. [11] 60 0.3–19.6
(8.4)

  4–12
13–14

1.75–2.0
1.75

28.6
20

2 (3)
7 (12)

I: 1
II: 3
III: 3
IV: 2

4.5

Own data 43 3–16
(11)

≤ 11.1
12

1.5–1.7
1.5–3.0

22
32 1 (2)

I: 9
II: 3

51
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correlation between renal dysfunction and cumulative appli-
cation days of potentially nephrotoxic drugs like cyclosporine 
A and acyclovir. In accordance with other authors [5, 11, 14] 
we did not find GVHD to be a risk factor for renal insuffi-
ciency.

Conclusion
In this analysis, the incidence of persistent renal dysfunction 
after fractionated TBI with total doses ≤ 12 Gy was very low 
and, thus, this regimen appears to be safe. We continue to 
limit kidney doses to 10 Gy by customized renal shielding for 
patients with a history of renal dysfunction prior to SCT.

References 
1. Belka C, Budach W, Betsch A, et al. Ganzkörperbestrahlung für die Knochen-

mark-/Blutstammzelltransplantation. Onkologe 2001;7:1305–12.
2. Belkacémi Y, Pene F, Touboul E, et al. Total-body irradiation prior to 

bone marrow transplantation for acute leukemia. Strahlenther Onkol 
1998;174:92–104.

3. Bölling T, Könnemann S, Willich N. Late effects of thoracic irradiation in 
children. Strahlenther Onkol 2008;184:289–95.

4. Bölling T, Schuck A, Rübe C, et al. Behandlungsassoziierte Spätfolgen 
nach Strahlentherapie maligner Erkrankungen im Kindes- und Jugendalter. 
Strahlenther Onkol 2006;182:443–9.

5. Borg M, Hughes T, Horvath N, et al. Renal toxicity after total body irradia-
tion. Int J Radiat Oncol Biol Phys 2002;54:1165–73.

6. Cheng JC, Schultheiss TE, Wong JYC. Impact of drug therapy, radiation dose 
and dose rate on renal toxicity following bone marrow transplantation. Int 
J Radiat Oncol Biol Phys 2008;71:1436–43.

7. Chou RH, Wong GB, Kramer JH, et al. Toxicities of total-body irradiation 
for pediatric bone marrow transplantation. Int J Radiat Oncol Biol Phys 
1996;34:843–51.

8. Cohen EP. Renal failure after bone marrow transplantation. Lancet 
2001;357:6–7.

9. Deconinck E, Cahn JY. Renal toxicity after bone marrow transplantation. Int 
J Radiat Oncol Biol Phys 2004;58:661–2.

10. Dörr W, Herrmann T. Second tumors after oncologic treatment. Strahlenther 
Onkol 2008;184:67–72.

11. Esiashvili N, Chiang KY, Hasselle MD, et al. Renal toxicity in children under-
going total body irradiation for bone marrow transplant. Radiother Oncol 
2009;90:242–6.

12. Fajardo LF, Brown JM, Glatstein E. Glomerular and juxta-glomerular lesions 
in radiation nephropathy. Radiat Res 1976;68:177–83.

13. Frisk P, Bratteby LE, Carlson K, et al. Renal function after autologous bone 
marrow transplantation in children: a long-term prospective study. Bone 
Marrow Transplant 2002;29:129–36.

14. Grönroos MH, Bolme P, Winiarski J, et al. Long-term renal function following 
bone marrow transplantation. Bone Marrow Transplant 2007;39:717–23.

15. Heinzelmann F, Ottinger H, Müller CH, et al. Total body irradiation – role 
and indications. Results from the German Registry from Stem Cell Trans-
plantation (DRST). Strahlenther Onkol 2006;182:222–30.

16. Igaki H, Karasawa K, Sakamaki H, et al. Renal dysfunction after total-body 
irradiation. Strahlenther Onkol 2005;181:704–8.

17. Kal HB, van Kempen-Harteveld ML. Renal dysfunction after total body ir-
radiation: dose-effect relationship. Int J Radiat Oncol Biol Phys 2006;65:
1228–32.

18. Kal HB, van Kempen-Harteveld ML, Heijenbrok-Kal MH, et al. Biologically 
effective dose in total-body irradiation and hematopoietic stem cell trans-
plantation. Strahlenther Onkol 2006;182:672–9.

19. Kist-van Holthe JE, Goedvolk CA, Brand R, et al. Prospective study of 
renal insufficiency after bone marrow transplantation. Pediatr Nephrol 
2002;17:1032–7.

20. Lawton CA, Cohen EP, Murray KJ, et al. Long-term results of selective 
renal shielding in patients undergoing total body irradiation in prepara-
tion for bone marrow transplantation. Bone Marrow Transplant 1997;20:
1069–74.

21. Miralbell R, Bieri S, Mermillod B, et al. Renal toxicity after allogeneic bone 
marrow transplantation: the combined effects of total-body irradiation and 
graft-versus-host-disease. J Clin Oncol 1996;14:579–85.

22. Miralbell R, Sancho G, Bieri S, et al. Renal insufficiency in patients with 
hematologic malignancies undergoing total body irradiation and bone mar-
row transplantation: a prospective assessment. Int J Radiat Oncol Biol Phys 
2004;58:809–16.

23. Nevinny-Stickel M, Poljanc K, Forthuber BC, et al. Optimized conformal 
paraaortic lymph node irradiation is not associated with enhanced renal 
toxicity. Strahlenther Onkol 2007;183:385–91.

24. Ramm U, Licher J, Moog J, et al. In vivo dosimetry with semiconducting 
diodes for dose verification in total body irradiation. Strahlenther Onkol 
2008;184:376–80.

25. Röttinger EW, Bartkowiak D, Bunjes D, et al. Enhanced renal toxicity of to-
tal body irradiation combined with radioimmuntherapy. Strahlenther Onkol 
2003;179:702–7.

26. Schneider RA, Schultze J, Jensen JM, et al. 20 years of experience in static 
intensity-modulated total-body irradiation and lung toxicity. Strahlenther 
Onkol 2007;183:545–51.

27. Strenger V, Sovinz P, Lackner H, et al. Intracerebral cavernous hemangi-
oma after cranial irradiation in childhood. Strahlenther Onkol 2008;184:
276–80.

28. Wheldon TE, Barret A. Radiobiological modelling of the treatment of leu-
kaemia by total body irradiation. Radiother Oncol 2001;58:227–33.

Address for Correspondence
Dr. Johanna Gerstein
Klinik für Strahlentherapie und Onkologie
Goethe-Universität Frankfurt
Theodor-Stern-Kai 7
60590 Frankfurt/Main
Germany
Phone (+49/69) 6301-5130, Fax -5091
e-mail: Johanna.Gerstein@kgu.de



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 \050ECI\051)
  /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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


