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Abstract
Background Hematogenous tumor-cell dissemination dur-
ing diagnostic and therapeutic procedures in patients with
colorectal cancer has been demonstrated.
Objective The aim of this study was to investigate the
extent of disseminated tumor cells in blood samples of
rectal cancer patients after endorectal ultrasound and to
determine its prognostic relevance.
Materials and methods Peripheral venous blood samples
from 45 patients with rectal cancer were taken before and
after endorectal ultrasound. Blood samples were examined
using a reverse transcriptase-polymerase chain reaction
(RT-PCR) assay to amplify cytokeratin 20 transcripts.
Overall survival of the patients was calculated by the
Kaplan–Meier method.
Results Disseminated tumor cells were detected in periph-
eral blood samples of 17 of 45 (38%) patients before and
after endorectal ultrasound. Circulating tumor cells were
found in 11 of 45 (24%) patients only after endorectal
ultrasound (p=0.006). There was a clear trend toward a
worse prognosis in patients with tumor cells in blood
samples after endorectal ultrasound, but this difference was
not statistically significant.
Conclusion This study demonstrates significantly increased
hematogenous tumor-cell dissemination after endorectal

ultrasound in rectal cancer patients. Patients with tumor
cells in blood samples after endorectal ultrasound tend to
have a worse prognosis. The potential prognostic impact of
this finding is presently unclear and has to be further
validated in larger clinical trials.
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Introduction

Preoperative imaging and staging are the bases for an
adequate therapy for patients with rectal cancer [1, 2].
Depending on tumor stage and localization, patients with
rectal cancer are selected for different therapeutic strategies,
e.g., preoperative chemotherapy and/or radiation in ad-
vanced tumor stages or solely surgical resection with total
mesorectal excision in earlier tumor stages [3].

Although there are a variety of diagnostic modalities
(digital examination, endorectal ultrasound, computed
tomography, and magnetic resonance imaging) for preop-
erative local staging of rectal cancer, it is still controversial
which of these methods has the highest accuracy. A
metaanalysis comparing endorectal ultrasound, computed
tomography, and magnetic resonance imaging for local
staging and assessment of lymph node involvement in
rectal cancer concluded that endorectal ultrasound was the
best method for determining local tumor invasion [4]. For
assessment of other prognostic factors such as lymph node
involvement or adjacent organ invasion, none of the
examined diagnostic procedures was found to be more
accurate than the other [4].

There is clinical evidence that mechanical manipulation
of malignant tumors contributes to hematogenous tumor-
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cell spread [5–11]. No study has yet investigated whether
endorectal ultrasound as an intraluminal procedure induces
hematogenous tumor-cell dissemination in rectal cancer due
to mechanical alteration of the tumor.

On the basis of new molecular detection methods, e.g.,
polymerase chain reaction (PCR) and immunocytochemis-
try, the extent of tumor-cell dissemination in gastrointesti-
nal cancers has been investigated more extensively during
the last decade [12]. Sensitive and specific reverse
transcriptase-PCR (RT-PCR)-based protocols have been
developed which are able to detect one malignant cell in
107 normal peripheral mononuclear blood cells [13]. To
determine the incidence and prognostic significance of
hematogenous tumor-cell spread in colorectal cancer
patients undergoing therapeutic and diagnostic procedures,
these detection systems are now widely used [14–20].
Recently, we demonstrated significantly enhanced hema-
togenous tumor-cell dissemination during colonoscopy in
patients with colorectal cancer [21].

The aim of this study was to examine the frequency and
potential prognostic significance of hematogenous tumor-
cell dissemination in patients with rectal cancer undergoing
endorectal ultrasound.

Materials and methods

Patients

Patients were prospectively enrolled into this study between
June 1999 and October 2000. Patients with histologically
confirmed primary or recurrent rectal cancer undergoing
subsequent surgical resection of the tumor with or without
preoperative chemoradiation at the Department of Surgery,
University of Heidelberg were eligible for this study.
Informed consent was obtained from all patients. The study
protocol was approved by the ethics committee of the
University of Heidelberg. Participation did not delay
treatment, and no patient underwent endorectal ultrasound
for study reasons alone. Patients with other malignant
diseases in their medical history were excluded. Tumor
stage and grading were classified according to the fifth
edition of the TNM classification of the International Union
Against Cancer (UICC) [22].

Control group

Blood samples from two different groups of individuals
served as controls. The first group comprised of 60 healthy
volunteers, and from each person, a peripheral venous
blood sample was taken. The second group consisted of
nine patients with benign gastrointestinal diseases (e.g.,
rectal adenoma, Crohn’s disease, and ulcerative colitis)

undergoing endorectal ultrasound. To exclude the possibil-
ity of the presence of exfoliated CK 20 expressing normal
rectal mucosa cells in the peripheral circulation during
endorectal ultrasound, blood samples from the second
group were obtained before and after the procedure.

Defecation group

To determine whether colorectal cancer cells are shed into
the circulation due to enhanced intraluminal pressure in the
bowel, peripheral blood samples of ten patients with
colorectal cancer were taken before and immediately after
defecation.

Endorectal ultrasound

Endorectal ultrasound was done with a rigid endosono-
graphic probe with a rotating 7 or 10 MHz scanner (Bruel
und Kjaer, Type 1846, Bruel u. Kjaer Instruments, Marl-
borough, MA, USA) that generates a 360° image of the rectal
wall. The examination was performed in the lithotomy
position after cleansing the rectum with an enema in a
standardized fashion. In short, the endosonography device
was generally blindly advanced beyond the tumor and then
slowly withdrawn while scanning. In cases of higher grade
stenosis, a rigid rectoscope was inserted and used to visualize
the lumen, thus facilitating the advancement of the endo-
sonography device through the rectoscope. Acoustic cou-
pling was achieved with the help of a water-filled balloon
placed over the transducer. The required time for an endo-
rectal ultrasound examination was between 10 and 15 min.
In this study, endorectal ultrasound was performed by a
single surgeon who is very experienced in this diagnostic
procedure (>500 performed procedures). Biopsies from the
tumor were not taken during the examination as all patients
undergoing endorectal ultrasound already had histopatho-
logical confirmation of rectal cancer.

Blood sampling

A peripheral venous catheter was placed in a cubital vein
and irrigated with 20 ml of normal saline to prevent
contamination of the blood samples with skin cells. Before
taking each blood sample, 10 ml of blood was drawn and
discarded. Two blood samples (10 ml each) were obtained
from each patient: the first immediately before endorectal
ultrasound, the second in the first minute after the
procedure. The blood samples were diluted with 10 ml
phosphate-buffered saline (PBS). After density centrifuga-
tion (30 min, 400 g) through Ficoll-Paque (Pharmacia),
mononuclear peripheral blood cells were harvested from the
interphase and washed twice in PBS. The cell pellet was
then shock-frozen in liquid nitrogen and stored at −70°C.
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CK 20 RT-PCR

RNA extraction from peripheral mononuclear blood cells and
CK 20 RT-PCR were performed as previously described [16].
PCR products were analyzed by electrophoresis on 2%
agarose gels. PCR products were blotted onto nylon
membranes (Hybond N+; Amersham Life Science, Buck-
inghamshire, U.K.) and hybridized with a chemoluminis-
cence-labeled oligonucleotide probe as previously described
[23]. The sensitivity of the CK 20 RT-PCR assay was
determined in previous cell spiking experiments, allowing
the detection of 10 HT 29 cells in 10 ml blood [16].

RNA quality and performance of reverse transcription of
all analyzed samples was confirmed by RT-PCR amplification
of glyceraldehyde phosphate dehydrogenase (GAPDH) tran-
scripts as previously described [16].

Follow-up and statistical analysis

All patients were primarily included into the follow-up, but
two patients were lost to follow-up after 12 months. The
time of follow-up was calculated from the date of surgery.
The survival was estimated according to the Kaplan–Meier
method and compared using the log-rank test [24].

Tumor-cell detection in blood before vs after endorectal
ultrasound was compared with the McNemar’s test [25, 26].
The likelihood of tumor-cell dissemination during endorectal
ultrasound in relation to complete advancement of the endo-
sonography probe across the tumor was analyzed using
Fisher’s exact test. The correlation between tumor-cell dis-
semination and tumor height was computed with the chi-
square test. Statistical significance was defined as p≤0.05.
Statistical computations were done using the software
package JMP (JMP, Cary, NC, USA).

Results

Control group

All blood samples from the 60 healthy volunteers and all
blood samples from the nine patients taken before and after
endorectal ultrasound for benign gastrointestinal diseases
(e.g., rectal adenoma, Crohn’s disease, and ulcerative
colitis) consistently tested negative for CK 20 expression.
The GAPDH RT-PCR was positive in every sample
confirming adequate RNA quality and reverse transcription.

Defecation group

Five of the ten patients with colorectal cancer tested
negative in both blood samples taken before and after
defecation. In three patients, tumor cells were detected in

blood samples before and after defecation, and in two
patients only in blood samples before defecation that tumor
cells were detected. No case with tumor-cell detection only
after defecation was observed.

Study group

Forty-five patients undergoing endorectal ultrasound for
primary or recurrent rectal cancer at the Department of
Surgery, University of Heidelberg (26 men, 19 women;
median age 65) were included in this study. Five patients
had recurrent rectal cancer (only intraluminal tumor
recurrences), and 40 patients had primary rectal cancer. In
six patients, only partial endorectal ultrasound could be
performed due to tumor obstruction. Ten patients (4 patients
with recurrent and 6 patients with primary rectal cancer)
received preoperative chemoradiation before undergoing
surgery. In these cases, endorectal ultrasound and blood
sampling were performed before neoadjuvant therapy. In all
patients, the presence of rectal adenocarcinoma was
confirmed histopathologically.

Tumor cells were detected in at least one of the two
blood samples taken before and after endorectal ultrasound
in 29 of 45 patients (64%) with rectal cancer. In 17 of 45
patients (38%), CK 20 transcripts were detected before and
after endorectal ultrasound, and in 1 of 45 patients (2%),
tumor cells were found only in the blood sample taken
before endorectal ultrasound. In 11 of 45 patients (24%),
tumor cells were only detected after endorectal ultrasound
(Table 1). Statistical analysis showed a significantly higher
tumor-cell detection rate after endorectal ultrasound com-
pared to the detection rate before endorectal ultrasound
(p=0.006; McNemar’s test). The significantly increased
detection rate of tumor cells in blood samples taken after
endorectal ultrasound was also shown when looking only at
the 40 patients with primary rectal cancer (p=0.012;
Table 2). Tumor-cell detection in blood samples after
endorectal ultrasound was also increased in patients with
advanced tumor stage of the rectal cancer. For the 40
patients with primary rectal cancer, the correlation between

Table 1 Correlation of tumor-cell detection in blood with timing of
blood collection in 45 patients with primary and recurrent rectal
cancer having undergone endorectal ultrasound

Before endorectal
ultrasound

After endorectal
ultrasound

Number of
patients

Negative Negative 16/45 (36%)
Positive Positive 17/45 (38%)
Negative Positive 11/45 (24%)*
Positive Negative 1/45 (2%)
18/45 positive, 40% 28/45 positive, 62%*

*p=0.006; McNemar’s test
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tumor-cell detection including time point of blood collec-
tion and tumor stage is depicted in Table 3. The results
were further analyzed to examine whether patients with
obstructing tumors had an increased risk of mechanically
induced tumor-cell dissemination compared to patients
without tumor obstruction (Table 4). There was no
difference in tumor-cell detection after endorectal ultra-
sound in the group of patients having undergone partial
endorectal ultrasound compared to the group having
undergone complete endorectal ultrasound.

As there are two main pathways of tumor-cell drainage
via blood vessels in rectal cancer (along the iliac vein for
tumors of the lower rectum and along the inferior mesenteric
and portal vein for tumors of the middle and upper rectum),
tumor-cell dissemination was correlated with the tumor
height. There was no difference in tumor location when
comparing tumor-cell-positive and tumor-cell-negative
patients: the median height of tumors in the tumor-cell-
positive patient group was 6.5 cm compared to 6 cm in the
tumor-cell-negative group (p=0.9; chi-square test).

Follow-up

The median follow-up period for all patients was 51 months.
No patient died because of tumor-unrelated reasons. The 5-
year overall survival rate of patients with tumor cells in

blood samples taken after endorectal ultrasound was 66.5%
compared to 87.5% in patients without tumor cells after
endorectal ultrasound (Fig. 1). This difference was not
statistically significant (p=0.1; log -rank test). The 5-year
overall survival rate of patients with tumor cells in blood
before endorectal ultrasound was not significantly de-
creased compared to tumor-cell-negative patients (p=0.3;
log-rank test) (5-year survival 79.4 vs 67%).

Higher pathohistological tumor stage was significantly
correlated to a decreased 5-year survival rate (5-year
survival stage I: 100%, stage II: 90%, stage III: 50%, stage
IV: 50%, p=0.001; Fig. 2).

Discussions

In this study, we investigated the extent of hematogenous
tumor-cell dissemination during endorectal ultrasound in
patients with primary or recurrent rectal cancer, using a CK
20 RT-PCR assay. In 11 of 45 (24%) patients, tumor cells
were detected solely after the endorectal ultrasound
examination. The significantly enhanced detection rate after
endorectal ultrasound suggests hematogenous tumor-cell
spread during or after the procedure, most likely caused by
the mechanical manipulation of the rectal tumor with the
ultrasound probe. This is in accordance with experimental

Table 2 Correlation of tumor-cell detection in blood with timing of
blood collection in 40 patients with primary rectal cancer having
undergone endorectal ultrasound

Before endorectal
ultrasound

After endorectal
ultrasound

Number of
patients

Negative Negative 15/40 (38%)
Positive Positive 14/40 (35%)
Negative Positive 10/40 (25%)*
Positive Negative 1/40 (2%)
15/40 positive, 38% 24/40 positive, 60%*

*p=0.012; McNemar’s test

Table 4 Stratified analysis of patients with tumor cells detected only
after endorectal ultrasound according to the ability to completely
transverse the tumor with the rigid endorectal ultrasound probe

Tumor-cell detection only after
endorectal ultrasound

Tumor completely
transversed

Yes No
10/39 positive
(26%)

1/6 positive
(17%)*

*p=n.s.; Fisher’s exact test

Table 3 Correlation of tumor-cell detection in blood with timing of
blood collection and tumor stage (n=40 patients with primary rectal
cancer)

Tumor-cell detection

Before endorectal ultrasound After endorectal ultrasound

Stage Number
of patients

Percentage Number
of patients

Percentage

I 5/15 33 8/15 53
II 2/7 29 3/7 43
III 5/15 33 10/15 75
IV 3/3 100 3/3 100 Fig. 1 Influence of tumor-cell detection on overall survival in blood

samples taken after endorectal ultrasound (p=0.1)
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studies in animal cancer models which have shown that
mechanical alteration of malignant tumors leads to a
significant tumor-cell shedding into the circulation [27].
Our group recently showed hematogenous tumor-cell
dissemination in 44 patients with colorectal cancer under-
going colonoscopy [21]. The comparison of the tumor-cell
detection rates after both procedures (24% after endorectal
ultrasound vs 14% after colonoscopy) indicates a higher
incidence of tumor-cell dissemination after endorectal
ultrasound. However, a comparison of the detection rates
in these two studies has to be viewed with caution as the
data were generated from different, heterogeneous patient
populations with regard to tumor localization (only rectal vs
all colorectal cancers). Although no other group has yet
investigated hematogenous tumor-cell dissemination selec-
tively in patients with rectal cancer, the overall detection
rate of disseminated cancer cells in peripheral blood
samples (29 of 45 patients, 64%) in our study seems rather
high. This may in part also be explained by the particular
anatomy of the tumor draining vessels in the rectum
compared to those of the more proximal bowel. There are
two possible pathways of tumor-cell drainage via blood
vessels in rectal cancer: along the iliac vein for tumors of
the lower rectum and along the inferior mesenteric and
portal vein for tumors of the middle and upper rectum. Our
group has already shown that the liver has a potential
filtering function for circulating colorectal cancer cells [19].
Therefore, one might hypothesize that patients with low
rectal cancers directly draining into the inferior vena cava
without blood passage through the liver show a higher rate
of disseminated tumor cells in peripheral blood samples.
However, statistical analysis of our results did not reveal a
difference in median tumor height when comparing tumor-
cell-positive and tumor-cell-negative patients.

Although cytokeratin 20 has been demonstrated as a
very valuable diagnostic marker for RT-PCR-based proto-
cols [28], there is still a need for further standardization and

quality control among the different protocols for detection
of disseminated tumor cells [29]. Therefore, it is essential
for every analytic study to demonstrate specificity and
sensitivity of the detection system used. The sensitivity of
our CK 20 RT-PCR assay was determined in cell spiking
experiments; this method allows the detection of ten tumor
cells in 10 ml blood [16]. Specificity of our detection
system was already adequately demonstrated in previous
studies [16, 23]. Moreover, we examined blood samples
from 60 healthy volunteers and nine patients with benign
gastrointestinal diseases (e.g., rectal adenoma, Crohn’s
disease, and ulcerative colitis) undergoing endorectal
ultrasound; all these consistently tested negative. To allow
further interpretation of our tumor-cell detection results, we
additionally investigated if hematogenous tumor-cell dis-
semination may also be caused by enhanced intraluminal
pressure in the bowel, e.g., during defecation. This is
obviously not the case as an enhanced tumor-cell detection
after defecation was not observed.

Because circulating tumor cells in blood of colorectal
cancer patients seem to be a frequent phenomenon, the
prognostic significance and clinical relevance of hematog-
enous tumor-cell dissemination have to be further investi-
gated. Several studies already demonstrated a prognostic
significance for disseminated colorectal cancer cells in
blood [14, 15, 18, 20, 30, 31]. By using a CK 20 RT-PCR,
our group showed that there is an enhanced tumor-cell
shedding into the circulation during resection of primary
colorectal cancer and during resection of colorectal liver
metastases [16, 17]. Follow-up of patients with curative
resection of colorectal liver metastases revealed that
patients with intraoperative hematogenous tumor-cell de-
tection had a significantly poorer outcome [20]. To
establish the prognostic and clinical significance of tumor-
cell dissemination during endorectal ultrasound, we per-
formed a long-term follow-up of the patients. It is
interesting to note that patients with tumor cells in blood
samples taken after endorectal ultrasound had a shorter
overall survival compared to patients without tumor-cell
detection. However, the 5-year overall survival rates
between the two groups (66.5 vs 87.5%) were not
significantly different but only showed a statistical trend
(p=0.1). To confirm this trend, a larger patient number
needs to be investigated. In addition, a multivariate analysis
including all putative prognostic factors has to be per-
formed to assess the true prognostic impact of circulating
tumor cells. In our patient cohort, higher pathohistological
tumor stage was significantly correlated to overall survival
indicating the validity of our follow-up results.

If our results are substantiated by further studies, alterna-
tive staging modalities in rectal cancer should be considered.
Although endorectal ultrasound has established itself as a very
reliable diagnostic tool for local staging of rectal cancer in the

Fig. 2 Influence of UICC stage on overall survival (p=0.001)
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last decade [32], there is still a debate on the actual accuracy
and clinical value of this method in daily practice. Most of
the earlier, smaller prospective studies [33–37] demonstrated
impressive results for endosonographic staging in rectal
cancer, but a recent large analysis of 545 patients [38] only
revealed an accuracy of 69% for endorectal ultrasound for
assessing the level of wall infiltration (T-classification) in the
routine setting. Moreover, magnetic resonance imaging
(MRI) is gaining in popularity for preoperative staging of
rectal cancer [39]. Brown et al. [40] recently postulated that
MRI is superior to endorectal ultrasound in terms of cost and
clinical effectiveness. But in the context of tumor-cell
dissemination, it will be necessary to investigate whether
MRI also causes tumor-cell dissemination by insufflation of
water into the rectum.

In conclusion, our results demonstrate that endorectal
ultrasound in patients with rectal cancer may lead to en-
hanced hematogenous tumor-cell dissemination. The prog-
nostic impact of our findings is still unclear and therefore,
clinical recommendations for preoperative diagnostic man-
agement of rectal cancer cannot be based on the results of
this single study.

Acknowledgements The authors thank Professor M.W. Büchler,
MD, for his support in our work. Both authors, Moritz Koch and
Dalibor Antolovic, contributed equally in this study.

References

1. Sahani DV, Kalva SP, Hahn PF (2003) Imaging of rectal cancer.
Semin Radiat Oncol 13:389–402

2. Church JM, Gibbs P, Chao MW, Tjandra JJ (2003) Optimizing the
outcome for patients with rectal cancer. Dis Colon Rectum
46:389–402

3. Weitz J, Koch M, Debus J, Hohler T, Galle PR, Buchler MW
(2005) Colorectal cancer. Lancet 365:153–165

4. Bipat S, Glas AS, Slors FJ, Zwinderman AH, Bossuyt PM, Stoker
J (2004) Rectal cancer: local staging and assessment of lymph
node involvement with endoluminal US, CT, and MR imaging—a
meta-analysis. Radiology 232:773–783

5. Brown DC, Purushotham AD, Birnie GD, George WD (1995)
Detection of intraoperative tumor cell dissemination in patients
with breast cancer by use of reverse transcription and polymerase
chain reaction. Surgery 117:95–101

6. Eschwege P, Dumas F, Blanchet P, Le Maire V, Benoit G, Jardin
A, Lacour B, Loric S (1995) Haematogenous dissemination of
prostatic epithelial cells during radical prostatectomy. Lancet
346:1528–1530

7. Glaves D, Huben RP, Weiss L (1988) Haematogenous dissemina-
tion of cells from human renal adenocarcinomas. Br J Cancer
57:32–35

8. Hu XC, Chow LW (2000) Fine needle aspiration may shed breast
cells into peripheral blood as determined by RT-PCR. Oncology
59:217–222

9. Moreno JG, O’Hara SM, Long JP, Veltri RW, Ning X, Alexander
AA, Gomella LG (1997) Transrectal ultrasound-guided biopsy
causes hematogenous dissemination of prostate cells as deter-
mined by RT-PCR. Urology 49:515–520

10. Willeke F, Ridder R, Mechtersheimer G, Schwarzbach M, Duwe
A, Weitz J, Lehnert T, Herfarth C, von Knebel Doeberitz M
(1998) Analysis of FUS-CHOP fusion transcripts in different
types of soft tissue liposarcoma and their diagnostic implications.
Clin Cancer Res 4:1779–1784

11. Fruhauf NR, Kasimir-Bauer S, Gorlinger K, Lang H, Kaudel CP,
Kaiser GM, Oldhafer KJ, Broelsch CE (2005) Peri-operative
filtration of disseminated cytokeratin positive cells in patients with
colorectal liver metastasis. Langenbecks Arch Surg 390:15–20

12. Kienle P, Koch M (2001) Minimal residual disease in gastroin-
testinal cancer. Semin Surg Oncol 20:282–293

13. Johnson PW, Burchill SA, Selby PJ (1995) The molecular
detection of circulating tumour cells. Br J Cancer 72:268–276

14. Bosch B, Guller U, Schnider A, Maurer R, Harder F, Metzger U,
Marti WR (2003) Perioperative detection of disseminated tumour
cells is an independent prognostic factor in patients with colorectal
cancer. Br J Surg 90:882–888

15. Guller U, Zajac P, Schnider A, Bosch B, Vorburger S, Zuber M,
Spagnoli GC, Oertli D, Maurer R, Metzger U, Harder F, Heberer
M, Marti WR (2002) Disseminated single tumor cells as detected
by real-time quantitative polymerase chain reaction represent a
prognostic factor in patients undergoing surgery for colorectal
cancer. Ann Surg 236:768–775

16. Weitz J, Kienle P, Lacroix J, Willeke F, Benner A, Lehnert T,
Herfarth C, von Knebel Doeberitz M (1998) Dissemination of
tumor cells in patients undergoing surgery for colorectal cancer.
Clin Cancer Res 4:343–348

17. Weitz J, Koch M, Kienle P, Schrodel A, Willeke F, Benner A,
Lehnert T, Herfarth C, von Knebel Doeberitz M (2000) Detection
of hematogenic tumor cell dissemination in patients undergoing
resection of liver metastases of colorectal cancer. Ann Surg
232:66–72

18. Yamaguchi K, Takagi Y, Aoki S, Futamura M, Saji S (2000)
Significant detection of circulating cancer cells in the blood by
reverse transcriptase-polymerase chain reaction during colorectal
cancer resection. Ann Surg 232:58–65

19. Koch M,Weitz J, Kienle P, Benner A,Willeke F, Lehnert T, Herfarth
C, von Knebel Doeberitz M (2001) Comparative analysis of tumor
cell dissemination in mesenteric, central, and peripheral venous
blood in patients with colorectal cancer. Arch Surg 136:85–89

20. Koch M, Kienle P, Hinz U, Antolovic D, Schmidt J, Herfarth C,
von Knebel Doeberitz M, Weitz J (2005) Hematogenous tumor
cell dissemination predicts tumor relapse in patients undergoing
surgical resection of colorectal liver metastases. Ann Surg
241:199–205

21. Koch M, Kienle P, Sauer P, Willeke F, Buhl K, Benner A, Lehnert
T, Herfarth C, von Knebel Doeberitz M, Weitz J (2004)
Hematogenous tumor cell dissemination during colonoscopy for
colorectal cancer. Surg Endosc 18:587–591

22. Sobin LH, Wittekind C (1997) UICC: TNM classification of
malignant tumors. Wiley, London

23. Weitz J, Kienle P, Magener A, Koch M, Schrodel A, Willeke F,
Autschbach F, Lacroix J, Lehnert T, Herfarth C, von Knebel
Doeberitz M (1999) Detection of disseminated colorectal cancer
cells in lymph nodes, blood and bone marrow. Clin Cancer Res
5:1830–1836

24. Kaplan EL, Meier P (1958) Nonparametric estimation from
incomplete observations. J Am Stat Assoc 53:457–481

25. Agresti A (1990) Categorical data analysis. Wiley, New York
26. Fleiss JL (1973) Statistical methods for rates and proportions.

Wiley, New York
27. Nishizaki T, Matsumata T, Kanematsu T, Yasunaga C, Sugimachi

K (1990) Surgical manipulation of VX2 carcinoma in the rabbit
liver evokes enhancement of metastasis. J Surg Res 49:92–97

28. Lassmann S, Bauer M, Soong R, Schreglmann J, Tabiti K, Nahrig
J, Ruger R, Hofler H, Werner M (2002) Quantification of CK20

364 Int J Colorectal Dis (2007) 22:359–365



gene and protein expression in colorectal cancer by RT-PCR and
immunohistochemistry reveals inter- and intratumour heterogene-
ity. J Pathol 198:198–206

29. Vlems FA, Ladanyi A, Gertler R, Rosenberg R, Diepstra JH,
Roder C, Nekarda H, Molnar B, Tulassay Z, van Muijen GN,
Vogel I (2003) Reliability of quantitative reverse-transcriptase-
PCR-based detection of tumour cells in the blood between
different laboratories using a standardised protocol. Eur J Cancer
39:388–396

30. Vogel I, Kalthoff H (2001) Disseminated tumour cells. Their
detection and significance for prognosis of gastrointestinal and
pancreatic carcinomas. Virchows Arch 439:109–117

31. Patel H, Le Marer N, Wharton RQ, Khan ZA, Araia R, Glover C,
Henry MM, Allen-Mersh TG (2002) Clearance of circulating
tumor cells after excision of primary colorectal cancer. Ann Surg
235:226–231

32. Chawla AK, Kachnic LA, Clark JW, Willett CG (2003) Combined
modality therapy for rectal and colon cancer. Semin Oncol
30:101–112

33. Glaser F, Schlag P, Herfarth C (1990) Endorectal ultrasonography
for the assessment of invasion of rectal tumours and lymph node
involvement. Br J Surg 77:883–887

34. Herzog U, von Flue M, Tondelli P, Schuppisser JP (1993) How
accurate is endorectal ultrasound in the preoperative staging of
rectal cancer? Dis Colon Rectum 36:127–134

35. Hildebrandt U, Feifel G (1985) Preoperative staging of rectal
cancer by intrarectal ultrasound. Dis Colon Rectum 28:42–46

36. Beynon J, Mortensen NJ, Rigby HS (1988) Rectal endosonog-
raphy, a new technique for the preoperative staging of rectal
carcinoma. Eur J Surg Oncol 14:297–309

37. Adams DR, Blatchford GJ, Lin KM, Ternent CA, Thorson AG,
Christensen MA (1999) Use of preoperative ultrasound staging for
treatment of rectal cancer. Dis Colon Rectum 42:159–166

38. Garcia-Aguilar J, Pollack J, Lee SH, Hernandez de Anda E,
Mellgren A, Wong WD, Finne CO, Rothenberger DA, Madoff RD
(2002) Accuracy of endorectal ultra-sonography in preoperative
staging of rectal tumors. Dis Colon Rectum 45:10–15

39. Brown G (2004) Local radiological staging of rectal cancer. Clin
Radiol 59:213–214

40. Brown G, Davies S, Williams GT, Bourne MW, Newcombe RG,
Radcliffe AG, Blethyn J, Dallimore NS, Rees BI, Phillips CJ,
Maughan TS (2004) Effectiveness of preoperative staging in rectal
cancer: digital rectal examination, endoluminal ultrasound or
magnetic resonance imaging? Br J Cancer 91:23–29

365Int J Colorectal Dis (2007) 22:359–365


	Increased...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Patients
	Control group
	Defecation group
	Endorectal ultrasound
	Blood sampling
	CK 20 RT-PCR
	Follow-up and statistical analysis

	Results
	Control group
	Defecation group
	Study group
	Follow-up

	Discussions
	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
  /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
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


