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PURPOSE: This study was designed to examine whether
disseminated tumor cells in peripheral blood of locally
advanced rectal cancer patients undergoing preoperative
chemoradiation have the potential to serve as a marker for
therapy response. Studies suggest that patients with ad-
vanced rectal cancer who respond to preoperative chemo-

radiation most likely benefit from this treatment. METHODS:
From advanced rectal cancer patients undergoing preoper-
ative chemoradiation, peripheral blood was obtained at
defined times: before, during, and after chemoradiation and
during surgery. Patients were divided into histopathologic
responders (ypT0-T2) and nonresponders (ypT3-T4). Cyto-
keratin 20 and carcinoembryonic antigen reverse transcrip-
tase-polymerase chain reaction were performed to detect
disseminated tumor cells. A blood sample was deemed
positive for disseminated tumor cells if both carcinoem-
bryonic antigen and cytokeratin 20 were detected.
RESULTS: The overall population (n = 26) showed a
positivity rate of 32 percent for disseminated tumor cells
before initiation of chemoradiation. Of the responders
(n = 8), 63 percent were positive for disseminated tumor
cells before chemoradiation, whereas only 18 percent of
nonresponders (n = 18) were positive (P = 0.026). From
initiation of chemoradiation to the end of surgery, a
significant decrease was seen in tumor cell positivity in
the blood of responders (P = 0.042). Moreover, the
responders represented a trend toward a decrease in tumor
cell positivity during chemoradiation (P = 0.079). In
contrast, there were no noticeable alterations within the
treatment course in nonresponders. CONCLUSIONS: This
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prospective proof of principle study demonstrates that
locally advanced rectal cancer with preoperative chemo-
radiation shows different biologic behavior in terms of
tumor cell dissemination in peripheral blood when therapy
responders compared with nonresponders. [Key words:
Disseminated tumor cells; Rectal cancer therapy]

R ectal cancer is one of the most common

malignancies and one of the leading causes of

cancer death in the western world.1,2 Treatment

of rectal cancer includes surgery and, in the case of

locally advanced disease, chemoradiation, given

preoperatively or postoperatively. Follow-up pro-

grams show that approximately 20 to 45 percent of

colorectal cancer patients who undergo curative

treatment develop metastatic disease,3 which is

believed to be caused by disseminated tumor cells.4

Detection of circulating tumor cells may help

predict prognosis, assess response to systemic ther-

apy, provide early warning of recurrent disease, and

thus improve survival.5 An established method for

detecting viable disseminated tumor cells with po-

tential metastatic behavior is reverse transcriptase-

polymerase chain reaction (RT-PCR), which permits

amplification of tissue-specific cancer cell messenger

RNA (mRNA) and identification of one single cancer

cell within 107 normal peripheral mononuclear blood

cells.6,7 Cytokeratin 20 (CK20) mRNA8–12 and

carcinoembryonic antigen (CEA) mRNA4,13,14 have

been commonly used to identify circulating colorectal

cancer cells.

It has been observed that hematogenic tumor cell

dissemination occurs during the surgical mobilization

of a tumor-bearing segment of the colorectum15 or of

the liver.12 Even during no-touch surgery for recto-

sigmoid cancer with early ligation of the vascular

pedicle, tumor cell shedding into mesenteric blood

can occur.16 Recently, Koch et al.17 reported that

detection of circulating tumor cells during hepatic

resection of colorectal cancer metastases predicts

tumor relapse. The same authors demonstrated that

preoperative chemoradiation is associated with a

decreased detection rate of rectal cancer cells in

peripheral blood and bone marrow, suggesting that

detection of circulating colorectal cancer cells may be

useful for assessing the efficacy of preoperative chemo-

radiation.18 Additionally, Guller et al.19 reported that

detection of CEA and CK20 transcripts may serve as a

prognostic parameter in colorectal cancer patients.

To our knowledge, the occurrence of tumor cell

dissemination in peripheral blood of rectal cancer

patients in the course of preoperative chemoradiation

has not yet been investigated. In particular, no study

has so far addressed the association between dissem-

inated tumor cells and histopathologic therapy re-

sponse to preoperative chemoradiation. Therefore,

this current proof of principle study was designed to

assess whether disseminated tumor cells in patients

with locally advanced rectal cancer have the potential

to serve as a marker for therapy monitoring with

regard to possible therapy response during the whole

treatment course—from preoperative chemoradiation

to surgery—using CK20 and CEA mRNA RT-PCR.

PATIENTS AND METHODS

From December 2002 to August 2004, all consec-

utive patients with histopathologically confirmed

adenocarcinoma of the mid rectum and low rectum

with locally advanced disease, who were scheduled

for preoperative chemoradiation, were enrolled in

this study. In our setting, locally advanced disease

means tumors clinically staged as cT3 or cT4 tumors,

independently of the nodal status (cT is short for

clinical T stage according to the guidelines of the

International Union Against Cancer (UICC)20).

Patients with cT1 and cT2 tumors or distant metasta-

ses or other malignant disease in their medical

history were excluded. In addition to endoscopic

and histologic evaluation, tumors were staged using

rectal endosonography, magnetic resonance imag-

ing, and computed tomography. At time of diagnosis,

the serum CEA level was determined.

Preoperative chemoradiation was performed ac-

cording to a pilot study protocol of the BTyrolean

Oncology Working Group.’’ Each patient received

preoperative chemoradiation applying a total radia-

tion dose of 4,500 rad, at a single dose of 180 rad per

day. Radiation fields in a 3-field technique (1 poster-

oanterior and 2 lateral fields) included the rectal canal

and adjacent lymph nodes. As far as a sphincter-

preserving resection was intended, anal sphincter was

not included in the radiation fields.21 In conjunction

with radiation, 5-fluorouracil in a dose of 350 mg/m2

per day was infused continuously on each treatment

day. Chemoradiation started on Mondays and was

interrupted on weekends.

After five weeks of treatment, all patients were

allowed a therapy-free recovery interval of two

weeks and subsequently underwent surgery in the

following week. Standardized tumor resection was

performed according to the recommendations for
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nerve-sparing total mesorectal excision as described

elsewhere22: low anterior resection or abdomino-

perineal excision. Tumors were histopathologically

examined according to the guidelines of the UICC, R

classification, and tumor grading. Patients with ypT

Stage 0, 1, and 2 tumors—thus showing downstag-

ing—were defined as histopathologic responders

and those patients with ypT3 and ypT4 tumors who

experienced no downstaging as histopathologic

nonresponders (yp is the prefix for T stage after

preoperative chemoradiation and resection according

to the guidelines of the UICC20). Alternative methods

to assess therapy response, such as grading histologic

and cytologic alterations in the resected specimen

that could be caused by preoperative chemoradia-

tion, were not performed. Patient demographics are

given in Figure 1.

Ethics

The trial was approved by the local institutional

review board and was performed in accordance with

the Helsinki Declaration of 1975, as revised in 1983.

Written, informed consent was obtained from all

patients after the nature of the procedure had been

fully explained to them.

Blood Sample Collection

Peripheral venous blood samples (8 ml) from each

patient were collected at six defined times (T1-T6;

Figure 1. Demographic and clinicopathologic data, status of therapy response, and occurrence/absence of
disseminated tumor cells of each individual patient at each defined time of peripheral blood sample collection (T1, T2,
T3, T4, T5, T6). f = female; m = male; LAR = low anterior resection; APE = abdominoperineal excision; cT = clinical T
stage; ypT = T stage after preoperative chemoradiation and resection; ypN = N stage after preoperative chemoradiation
and resection; M = metastasis; UICC = International Union Against Cancer (UICC Stage: 1 = UICC I, 2 = UICC II, 3 =
UICC III, 4 = UICC IV); R = resection margin; G = grading; non-r = nonresponder; r = responder; CEA =
carcinoembryonic antigen (normal range, 0–3.4 2g/l); na = not available; T1–T6 defined blood sampling times (black
fields = positive for disseminated tumor cells; white fields = negative for disseminated tumor cells).
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Figs. 1 and 2) during the treatment course: immedi-

ately before initiation of chemoradiation (T1); after

the first week of chemoradiation (T2); after the third

week of chemoradiation (T3); after the fifth week of

chemoradiation (T4); after induction of anesthesia (2–

3 weeks after chemoradiation) (T5); intraoperatively

after rectal resection (T6). Finally, 138 of 156 expected

blood samples from the 26 prospectively included

patients were obtained and analyzed using RT-PCR.

RNA Extraction

Total RNA was extracted from collected blood

samples after removing red blood cells using 2 ml

TRI REAGENT\ (Molecular Research Center Inc.

Cincinnati, OH) according to the manufacturer_s

instructions. RNA concentration and purity of total

RNA were determined by ultraviolet spectrophotometry.

RNA samples were stored in RNAse-free water at j70-C

until analysis.

One-Step RT-PCR

One-Step RT-PCR (QIAGEN GmbH, Hilden, Germany)

was performed according to the manufacturer_s

instructions using Q-Solution and a 0.6-2M primer

concentration. This method allows sensitive reverse

transcription and amplification of mRNA-specific

products in one reaction tube and minimizes pipetting

errors and avoids cross-contamination.

CEA amplification was performed starting with a

reverse-transcription reaction for 30 minutes at 50-C,

followed by an initial PCR activation step for

15 minutes at 95-C and 43 cycles of denaturation at

95-C (1 minute), annealing at 61-C (30 seconds) and

extension at 72-C (1 minutes), and a final extension

at 72-C (10 minutes). CEA-specific primers were

designed using the freely available PerlPrimer soft-

ware (perlprimer.sourceforge.net). This program

incorporates highly accurate melting temperature

and primer-dimer prediction algorithms. Selected

primers show the same melting temperature and no

disposition to form primer dimers. The resulting

primers were searched with a Basic Local Alignment

Search Tool (http://www.ncbi.nlm.nih.gov/BLAST/)

to ensure specificity for CEA. Forward primer 50-

ATAACTCAGACACTGGCCTCAATAG-30 covers exon

4 and reverse primer 50-TATAGAGTCCGCTGTTCTT

CTCAGT-30 covers exon 6, resulting in a 522-bp CEA

mRNA-specific PCR product.

Specific CK20 primers were designed according to

published sequence information.9,23 CK20 amplifica-

tion was performed with the same cycler conditions

except for number of cycles (40 cycles). The final

PCR product of CK20 was 371 bp.

The PCR products of each sample were resolved by

electrophoresis on a 2 percent agarose gel and

visualized by ethidium bromide staining of the gel.

Randomly selected PCR products from CK20 and CEA

were excised from gels and subjected to sequencing

analysis.

Definition of a Positive Result

A blood sample was defined as positive for

disseminated tumor cells only if both CEA mRNA

and CK20 mRNA were detected by RT-PCR.

Testing for Sensitivity of One-Step RT-PCR

Sensitivity was determined by spiking peripheral

blood samples with the colon cancer cell line HT-29.

Studies were first conducted to determine the

optimal amount of total RNA needed to detect 1 to

10 CEA-positive and CK20-positive tumor cells in

blood samples. Tumor cells (0, 10, 102, 103, 104) were

added to peripheral blood cells isolated from 8 ml of

blood from healthy donors; total RNA was isolated

and subsequently analyzed using One-Step RT-PCR

for CK20-specific and CEA-specific sequences.

Quality Control Aspects

To avoid inclusion of venipuncture-cored skin

epithelial cells in the blood sample, the blood was

Figure 2. Percentage of disseminated tumor cell-positive
peripheral blood samples of locally advanced rectal
cancer patients (n = 26), classified as responders (n =
8) and nonresponders (n = 18), at defined times (T1, T2,
T3, T4, T5, T6) during the treatment course.
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preaspirated from the cannula. Precautions to pre-

vent laboratory contamination included the use of

filter tips, separate rooms and laboratory accessories

for blood sampling, RNA isolation, One-Step RT-PCR,

and analysis of PCR products. Each experiment

included the following controls: 1) RNA from a

colorectal carcinoma tissue sample served as a

positive control; 2) RNA from a healthy donor was

analyzed to detect possible background signals; and

3) total RNA was replaced with RNAse-free water to

exclude possible master mix contamination; 4) all

samples were simultaneously tested for GAPDH

expression. The following primers were used: sense,

50-GGT GAA GGT CGG AGT CAA CG-30 and

antisense 50-CAA AGT TGT CAT GGA TGA CC-30,

which resulted in a 498-bp product.

Statistical Analysis

To test the behavior of disseminated tumor cells in

peripheral blood samples of patients with locally

advanced rectal cancer before and after preoperative

chemoradiation and during surgery, the one-sided

McNemar test statistic was used. Differences between

responders and nonresponders were evaluated using

the two-sided likelihood ratio statistic. Descriptive

results are expressed as means T standard deviations.

P < 0.05 was considered a statistically significant

difference. Because of the number of patients, no

multivariate procedure was performed. All statistical

analyses were performed by using SPSS\ for

Windows v10.0 (SPSS, Inc., Chicago, IL) and StatXact-

4 (Cambridge, MA).

RESULTS

Patient Characteristics

The current study population included 26 patients

(19 males; aged 34–83 years (mean-age, 63.1 years;

standard deviation, T 10.9). After preoperative chemo-

radiation, 18 patients (69 percent) underwent low

anterior resection (LAR) and 8 patients (31 percent)

underwent abdominoperineal excision (APE). Two

patients were staged as ypT0, 2 patients as ypT1, 4

patients as ypT2, 16 patients as ypT3, and 2 patients as

ypT4, resulting in 8 histopathologic responders

(31 percent) and 18 nonresponders (69 percent).

None of the patients staged as ypT3 and ypT4

experienced downstaging during preoperative che-

moradiation (compare cT stage and ypT stage; Fig. 1).

Sensitivity of One-Step RT-PCR

The following criteria were used to determine the

amount of total RNA for one-step RT-PCR: 1) no CK20

and/or CEA signal in healthy donor samples, 2)

detection of at least one to ten tumor cells in 107

blood cells, which is the sensitivity usually reported in

published cell spiking experiments. Given these

criteria the amount of RNA was 10 ng for CK20 and

100 ng for CEA.

Disseminated Tumor Cells

The occurrence/absence of disseminated tumor

cells (i.e., blood sample is positive/negative for tumor

cells) of each individual patient at each defined time

of peripheral blood sample collection (T1-T6; from

initiation of chemoradiation to the end of surgical

procedure) is presented in Figure 1. The percentage of

disseminated tumor cell-positive peripheral blood

samples of locally advanced rectal cancer patients,

classified as responders and nonresponders, at de-

fined times (T1-T6), is shown in Figure 2.

The entire study population showed a positivity

rate of 32 percent for disseminated tumor cells before

initiation of chemoradiation (T1; Fig. 2). In the group

of histopathologic responders, 63 percent were

positive for disseminated tumor cells before chemo-

radiation (T1), whereas only 18 percent of non-

responders were positive at that time (P = 0.026;

Fig. 2). No correlation was seen between disseminat-

ed tumor cells at T1 and serum CEA levels in

responders or nonresponders.

During the whole observation period (T1-T6), a

comparison of T1 and T6 samples showed a statisti-

cally significant decrease in tumor cell positivity in

blood samples from responders (from 63 percent at

T1 to 14 percent at T6; P = 0.042; Fig. 2). In contrast,

there was an increase in disseminated tumor cell

positivity in nonresponders during the same period

(from 18 percent at T1 to 36 percent at T6; Fig. 2).

Looking at the entire study population, we found no

significant alterations between T1 (32 percent) and

T6 (29 percent; P = 0.24; Fig. 2).

During chemoradiation (T1-T5), a statistical trend

toward a decrease in tumor cell positivity from 63 per-

cent at T1 to 29 percent at T5 (P = 0.079; Fig. 2) was

detected in responders, whereas no difference was

seen in nonresponders (from 18 percent at T1 to 21

percent at T5; Fig. 2) during this period.

1488 ZITT ET AL Dis Colon Rectum, October 2006



Furthermore, surgical procedure from T5 (induction

of anesthesia) to T6 (immediately after rectal resection)

did not significantly influence the occurrence of tumor

cells in peripheral blood samples, neither in the entire

study population nor in the subgroups of responders

and nonresponders. Nevertheless, responders showed

a further decrease in disseminated tumor cells from

29 percent at T5 to 14 percent at T6 (P = 0.282; Fig. 2),

whereas in the nonresponders, the positivity rate of

disseminated tumor cells increased from 21 percent at

T5 to 36 percent at T6 (Fig. 2).

DISCUSSION

Despite potentially curative treatment, patients

with advanced rectal cancer are at high risk for

metastatic disease. Disseminated tumor cells seem to

be involved in the metastatic process, but this aspect

of tumor biology does not play a decisive role in

standard therapy monitoring procedures. The asso-

ciation between the presence of disseminated cancer

cells in peripheral blood samples and therapy re-

sponse or occurrence of metastatic disease is unclear.

Detection of circulating tumor cells of rectal cancer

patients may be a useful staging, therapy-planning,

and prognostic tool. Presently, several studies have

been published about the association between colo-

rectal cancer resection and perioperative tumor

cell dissemination,15,19,24–27 between resection of

colorectal liver metastases and tumor cell dissemina-

tion,12,17,25,28 and between preoperative chemo-

radiation in patients with locally advanced rectal

cancer and tumor cell dissemination.18 However, no

data are available on the potential of disseminated

rectal cancer cells to serve as a marker for therapy

monitoring during preoperative chemoradiation and

resection of advanced rectal cancer. For this reason,

this study was designed to bring insight into this field of

cancer research.

Various methods are available to detect dissemi-

nated tumor cells. RNA-targeted RT-PCR was selected

as the most appropriate assay for identifying dissem-

inated viable cancer cells in peripheral blood sam-

ples.6,7 Of the various RT-PCR-based protocols, CK20

mRNA and CEA mRNA are the most widely used

markers for detecting circulating colorectal cancer

cells. In addition to single-marker studies,8–14,29

some investigators applied combined CK20 and

CEA RT-PCR assays16,24,25 to improve the cancer cell

detection rate. Wharton et al. found significant

increases in circulating tumor cell positivity when

using CEA and CK20 assays together.25 Furthermore,

Yamaguchi et al.15 suggested that one means of

overcoming false-positive detection with CEA and

CK20 might be to define PCR positivity as the

situation where both CEA and CK20 are positive.

Therefore, in the current study we defined a blood

sample as being positive for disseminated tumor cells

only if CEA and CK20 mRNA were detected by RT-

PCR to reduce the rate of false-positive results.

We detected an overall positivity for circulating

tumor cells at the time of diagnosis—before initiation

of chemoradiation—in 32 percent of the enrolled

patients. A higher prevalence of positivity (69 percent)

before starting treatment was shown by Patel et al.24

in a recently published study, also using combined

CK20 and CEA RT-PCR. However, Patel et al. used a

triple blood sampling procedure and regarded a

patient as RT-PCR positive if any of the three blood

samples taken at that time was positive for CEA or

CK20 mRNA. In a previous study, the same working

group suggested that taking multiple blood samples

and combining CK20 and CEA increases the detec-

tion rate for circulating tumor cells in patients with

colorectal cancer.25 A critical look at some technical

differences in tumor cell detection and the fact that

these two studies included all patients with colorectal

cancer irrespective of tumor site and tumor stage

lead us to conclude that different detection rates

compared with our study using only cT3 and cT4

rectal cancer patients and a strict definition of tumor

cell positivity (CEA and CK20) can be plausible.

Conversely, Yamaguchi et al.15 reported a tumor cell

detection rate of 15 percent at the time of diagnosis,

defining PCR positivity as the situation in which both

CEA and CK20 are positive. In comparison to the

current study, Yamaguchi et al. used the same

definition of tumor cell positivity but enrolled

colorectal cancer patients having all tumor sites and

tumor stages.

Recent studies suggest that rectal cancer patients

undergoing preoperative chemoradiation and re-

sponding to preoperative treatment as seen by his-

topathologic downstaging are the group of patients

who experience the greatest benefit from preopera-

tive chemoradiation.30,31 It has even been suggested

that complete histopathologic responders no longer

need surgery.32 To investigate a possible distinct bio-

logic behavior of rectal carcinomas to therapy, the
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current study population was divided into histopath-

ologic responders and nonresponders to evaluate

circulating tumor cells as a potential surrogate marker

for therapy monitoring.

Of histopathologic responders, 63 percent were

found to be positive for disseminated rectal cancer

cells at the time of diagnosis, whereas only 18 percent

of nonresponders were found to be positive at

diagnosis (P = 0.026; Fig. 2). In agreement with a

variety of tumor cell studies, these data support the

finding that tumors showing a distinct biologic be-

havior represented by a higher rate of disseminated

tumor cells in the bloodstream may respond better to

preoperative chemoradiation.

When looking at the observation period until the

end of the surgical procedure (T1-T6), a statistically

significant decrease in tumor cell positivity was seen

in the group of responders (Fig. 2). Additionally, the

responders represented a trend toward a decrease in

tumor cell positivity during chemoradiation (T1-T5;

Fig. 2). In contrast, there were no statistically notice-

able alterations within the treatment course in the

nonresponders.

From these major findings of the current study, it

can be assumed that tumors showing a histopatho-

logic response have a specific biologic behavior: 1)

these tumors present with a higher percentage of

disseminated tumor cells at the time of diagnosis, and

2) a significant decrease in tumor cell dissemination

occurs during the treatment course.

Kienle et al.18 were the first to investigate tumor

cell dissemination in patients undergoing preopera-

tive chemoradiation for rectal cancer and demon-

strated a decreased detection rate of circulating

cancer cells after chemoradiation compared with

patients without preoperative chemoradiation. How-

ever, their study, which used CK20 RT-PCR, lacks

information about the presence of disseminated

rectal cancer cells in the course of chemoradiation,

because the blood samples were collected only

before, during, and after the surgical procedure.

It has been reported that manipulation of tumors

during surgical resection has the risk of intraoper-

ative hematogenic tumor cell spread through the

bloodstream.7,9,33,34 We found no statistically signif-

icant differences between responders and nonre-

sponders regarding the presence of disseminated

tumor cells during surgical procedure (T5-T6). May-

be intraoperative tumor manipulation in patients

with lower-stage or higher-stage tumors (nonre-

sponders and responders), which might affect tumor

cell dissemination, is selection-bias negligible.

CONCLUSIONS

This prospective proof of principle study demon-

strates that locally advanced rectal cancer with

preoperative chemoradiation shows different biologic

behavior in terms of tumor cell dissemination in

peripheral blood, when comparing therapy respond-

ers and nonresponders. Therefore, analysis of dissem-

inated tumor cells using RT-PCR of CEA and CK20

mRNA might be one potential surrogate marker for

therapy monitoring. Nevertheless, it is mandatory to

further confirm these findings in a prospective study

using quantitative RT-PCR analysis.
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