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Abstract
Aims—The aims of the study were to study the effect of pre-operative treatment on the expression
of tumour-related proteins and to correlate the expression of these proteins with response and survival
of patients with advanced rectal cancer.

Materials and methods—Tissue micro-arrays from pre- and post-treatment biopsies of 99
patients with rectal cancer treated with pre-operative (chemo)radiotherapy were stained for epidermal
growth factor receptor (EGFR), carbonic anhydrase IX, Ki67, vascular endothelial growth factor,
cyclo-oxygenase 2 (COX-2) and cleaved cytokeratin 18 (c-CK18). Also, fibro-inflammatory
alterations after treatment were evaluated.

Results—Pre-operative (chemo)radiotherapy caused fibro-inflammatory changes, a
downregulation of proliferation (Ki67) and EGFR and an upregulation of apoptosis (cleaved CK18).
Patients with a good regression during pre-operative treatment showed less proliferating and
apoptotic cells in the resection specimen. Multivariate analysis showed that T downstaging, fibro-
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inflammatory changes in the resection specimen and COX-2 expression in the biopsy correlated with
overall survival.

Conclusions—Pre-operative treatment has an effect on proliferation, apoptosis, inflammation and
EGFR expression. The classical clinical parameters as well as fibro-inflammatory changes and
COX-2 expression seem most valuable as predictors for survival.
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Introduction
Colorectal cancer is a major cause of death in the Western Countries. The basic treatment is
radical surgery with or without sphincter preservation. Despite the introduction of total
mesorectal excision (TME) [1–3] the incidence of local recurrence remains between 5% and
20% depending on the expertise of the surgeon, the tumour location and stage at the time of
diagnosis [4,5]. Adding radiotherapy to surgery has been shown to be of value in several trials
using pre- or post-operative irradiation, either alone or in combination with chemotherapy
[5–11]. The EORTC22921 trial concluded that chemotherapy, regardless of whether it is
administered before or after surgery, confers a significant benefit with respect to local control.
The addition of chemotherapy to the treatment scheme did not give rise to a difference in
survival [12].

However, the response of individual tumours to adjuvant therapies is not uniform. In order to
offer patients a patient tailored therapy, it would be of significant clinical relevance to identify
predictive and/or prognostic markers of cancer response to radiotherapy or combined-modality
therapy. We studied molecular pathways that are potentially responsible for resistance of some
colorectal carcinomas to therapy. Three proteins that are known to play an important role in
the growth and development of many tumours are cyclo-oxygenase 2 (COX-2), epidermal
growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF) [13,14]. These
proteins are abundantly expressed in many tumour types and have been correlated with a bad
prognosis, also in colorectal cancer [13,14]. By looking at the expression of these proteins, it
might be possible to predict which patients will respond well to the standard (chemo)
radiotherapy treatment, and the promising proteins might be useful targets for therapy in
patients with rectal cancer.

Next to specific expression of these three important proteins, we also looked at some proteins
which reflect more general factors important in the response to therapy such as proliferation,
hypoxia and apoptosis. Ki67 is a nuclear protein involved in cell cycle regulation. It is present
in all cell cycle phases except for the G0 and early G1 phase, making it a good marker for
proliferation [15]. Ki67 labelling index has a prognostic value and/or predictive value in
different tumour types; however, in colorectal cancer, the results seem to be conflicting [16].

The ability to evade apoptosis is thought to be central in both tumourigenesis [17] and resistance
to cytotoxic drugs and radiation [18]. One of the methods for the detection of apoptosis is the
cleaved CK1S (c-CK18) antibody, which has been introduced by Leers et al. [19]. This
antibody defines an epitope on cytokeratin (CK) 18 that becomes available at an early caspase
cleavage event during apoptosis and is not detectable in vital and necrotic cells. The use of this
antibody permits the detection of early-phase apoptosis before other methods such as the
TUNEL assay or the annexin V assay [19]. The cleaved cytokeratin staining seems to correlate
very well with caspase-3 staining [20] and has been used before in paraffin-embedded material
from patients with rectal cancer [21,22].
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Since both the effect of radiotherapy and chemotherapy can be influenced by hypoxia, the
presence of hypoxia is a problem for the treatment of both colon and rectal tumours. Various
hypoxia-inducible proteins have been put forward as potentially useful endogenous hypoxia
markers. Carbonic anhydrase IX (CA IX), which can be activated by HIF-1α, is over-expressed
in many tumour types [23] and has been widely investigated. CA IX is a transmembrane protein
that was initially characterised as a hypoxia-inducible gene due to its over-expression in von
Hippel-Lindau-defective cell lines [24]. It is involved in glycolysis, catalysing the reversible
hydration of carbon dioxide to carbonic acid and providing a mean of regulating pH in tumours.
In most colorectal tumours, CA IX has an altered expression pattern [23,23], and it is suggested
that this may be important in their pathogenesis [25].

In this study, the change in expression of different proteins (COX-2, VEGF, EGFR, Ki67,
CAIX and c-CK18) and fibro-inflammatory alterations during pre-operative treatment and the
correlation of these markers with response will be evaluated.

Materials and methods
Patient selection

Between 1996 and 2003, 99 patients with an adenocarcinoma of the rectum were neo-
adjuvantly treated with radiotherapy alone or with a combination of chemotherapy and
radiation. Of the 99 patients included in our study, 79 received a combination of radiotherapy
(45 Gy in 25 fractions with or without a boost of 5.5 Gy to tumour and lymph nodes) with
chemotherapy (325 mg/m2 5-FU and 10 mg/m2 LV as bolus injection five first and five last
days of radiotherapy or 5-FU, 225 mg/m2/day as continuous during the whole course of
radiotherapy), and 20 were pre-operatively treated with radiation only (30 Gy in ten fractions
with or without a boost of 9 Gy to the tumour). The tumours were located in the lower (47%),
middle (36%) and upper parts (18%) of the rectum. All patients underwent surgery in the
university hospital of Gasthuisberg, Leuven by three different abdominal surgeons. All patients
received a TME procedure. The study was performed in accordance with the ethical standards
of our institution. Due to the retrospective character of the study, no informed consent could
be obtained from the patients.

Tissues and array construction
Paraffin-embedded tumour from both the biopsy before treatment (n=99) and the tumour tissue
from the resection specimen (n=77) were used to make donor blocks. The missing resection
specimens were due to the absence of tumour tissue after making the tissue arrays (n=6) or the
absence of tumour after neo-adjuvant treatment (n=14). Morphologically defined regions of
the tissue blocks were identified using a haematoxylin and eosin (H&E)-stained section from
each.

The tissue micro-arrays (TMAs) were constructed using a fixed pattern. Tissue from the initial
biopsy was punched (three to four cores per patient), followed by four to six core biopsies from
different areas and from the surgical specimen (after the neo-adjuvant treatment).

The pathological characteristics were scored on the H&E sections of the whole tissue slices by
an experienced pathologist. ‘Classical’ pathological variables, including the most prevalent
grade of differentiation, section margins, ypT and ypN stage were noted. Since lymph vessel
and venous invasion are often difficult to distinguish, this was scored as one entity (invasion).
Regression of the tumour after pre-operative treatment was evaluated by T downstaging and
Dworak regression grading. T downstaging was defined as a shift of the cT stage, evaluated
by endoscopic ultrasound, towards a less advanced ypT stage, evaluated on H&E stains of the
resected specimen. Dworak regression was scored on H&E stains of the resection specimen as
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published before: grade 0, no regression; grade 1, minimal regression; grade 2, moderate
regression; grade 3, good regression; and grade 4, total regression [26]. Patients with Dworak
regression grade 0–2 were defined as non-responders, grade 3–4 as responders. Analogous to
Shia et al. [27], stromal responses as were seen in the resection specimens after tumoural
regression following the neo-adjuvant treatment, were scored as follows: fibrotic type =
fibrosis/sclerosis with sparse inflammatory cell component, comprising <25% of the entire
stromal tissue and fibro-inflammatory type = fibrosis/sclerosis with a prominent inflammatory
component comprising <25% of the entire stromal tissue.

Immunohistochermstry (IHC)
IHC for each antigen was performed on 4-µm paraffin sections of each rectal cancer TMA
section described above. From each block, one section was stained for COX-2, EGFR, CA IX,
VEGF, c-CK18 and Ki67.

Standard immunoperoxidase procedures were used. EGFR staining was undertaken following
the instructions of the DAKOCytomation EGFR kit. Antigen retrieval was necessary for the
immunostaining with the COX-2 (mouse monoclonal, Cayman chemical, dilution 1/50), Ki67
(Lab Vision, mouse monoclonal antibody, ready to use), VEGF (rabbit polyclonal, Santa Cruz,
dilution 1/100) and c-CK18 (M30, mouse monoclonal, Roche, 1/10) antigens. The primary
antibody against CA IX was a mouse monoclonal antibody (M75, Bayer, USA, dilution 1/50)
[28], which required no micro-wave antigen retrieval. Antibody binding was visualised by
diaminobenzidine. All slides were counterstained with haematoxylin, dehydrated, cleared and
mounted. As a negative control, we used PBS on sections that were proven to be positive for
the different proteins in earlier experiments.

Scoring of the immunohistochemical staining
For COX-2, Ki67, VEGF, EGFR and CA IX, stained sections were analysed at a total
magnification of ×200. Each core was assigned a continuous score of percentage positivity,
representative of the approximate area of immunostaining. For VEGF and COX-2, the
percentage of cells with positivity in the cytoplasm were counted, while for CA IX, only cells
with expression in the membrane were considered positive. For EGFR, both cytoplasmic and
membranous positive cells were taken into account. For Ki67, all stained nuclei were scored.
For C-CK18, the number of positive tumour cells per punch (=1 mm2) were counted on a ×400
magnification. All samples were evaluated and scored without knowledge of the patients’
histories.

Statistics
The statistical software Statistica 7.0 was used for analysis. Differences for the expression of
a protein between the classes for clinical variables were evaluated using a Mann–Whitney U
or Kruskal Wallis test. The difference in expression in the biopsies and the resection specimen
was assessed with a Mann–Whitney U test.

Survival rates (local control, disease free survival and overall survival) were calculated by
Kaplan–Meier modelling. The influence of risk factors on survival was evaluated by the log-
rank test looking at the expression patterns of the studied proteins and classical prognostic
factors such as pre-treatment clinical stage, pathological stage, involvement of the resection
margins, degree of differentiation and changes in T stage. For the immunohistochemical stains,
the median was used as a cut-off for the analysis. A multivariate Cox proportional hazard
regression model was used to explore the relative risk of death and (local) recurrence for the
above mentioned prognostic factors. Differences were considered statistically significant at
p<0.05.
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Results
Patient characteristics

Clinical characteristics of the patients such as sex, T stage, N stage and histopathological grades
of tumours at the time of the biopsy are presented in Table 1. Forty-two out of 99 tumours
(42.4%) showed T downstaging. The Dworak regression grades were distributed as follows:
grade 0 (3%), grade 1 (13%), grade 2 (55%), grade 3 (12%), grade 4 (17%). The median follow-
up time was 42.4 months (2.3–97.3), with a median local control (LC), disease free survival
(DFS) and overall survival (OS) of 42.7 months (4.1–92.7), 39.2 months (4.1–92.7) and 44.2
months (4.1–98.7), respectively. The percentages for the development of local recurrences and
metastases were 9% and 24%, respectively, and 17% of the patients died. No significant
differences were found in response (T downstaging, Dworak), local control and survival (DPS,
OS) for patients receiving pre-operative radiotherapy or radiochemotherapy.

Fibro-inflammatory alterations after pre-operative treatment
Tumour regression in rectal carcinomas after pre-operative treatment was in most cases
associated with fibrosis or fibro-inflammatory changes replacing neo-plastic glands. In all of
the examined resection specimens (n=77), a form of fibrosis was present. Fibrosis with sparse
inflammatory infiltrates was more commonly seen (n=44) than fibrosis with a marked
inflammatory cell component (n=33). No differences in fibro-inflammatory response were seen
in patients treated with either radiotherapy or radiochemotherapy.

Effect of pre-operative treatment
The results of the immunostainings of all markers are represented in Table 2 and Fig. 1. The
pre-operative treatment seems to have the most effect on Ki67, EGFR and c-CK18 expression
with a significant downregulation of Ki67 and EGFR (p<0.0001) and an upregulation of c-
CK18 (p<0.0001; Fig. 2). For COX-2, also a significant upregulation (p=0.02) was noticed but
to a lesser extent. For VEGF and CA IX, no significant differences were seen before and after
therapy. No significant different effect was seen in the patients treated with pre-operative
radiotherapy and those treated with pre-operative radiochemotherapy.

Correlations between pre-treatment factors and regression
Clinical pre-treatment factors and expression of proteins in the biopsies were correlated with
the regression grade T downstaging (0–1) and Dworak regression grade (0–1–2 versus 3–4) of
the tumours. No correlation was found between the clinical factors cT and differentiation grade
in the biopsies with T downstaging or Dworak regression.

The expression of VEGF correlated with response in patients with a low Dworak regression
grade having a higher VEGF expression before treatment (p=0.01). This could however not
be confirmed for T downstaging. For the other proteins, no correlation between expression in
the biopsy and regression was found.

Correlations between post-treatment factors and regression
Dworak regression (0–1–2 versus 3–4) correlated significantly with T downstaging (0–1;
p<0.0001). Both parameters correlated significantly with ypT, showing more regression
(p=0.006) and T downstaging (p=0.0001) in ypT1 and ypT2 tumours compared to ypT3 and
ypT4 tumours, as expected. No correlation was found between Dworak regression and ypN or
positive resection margins. No correlations were found between Dworak regression or T
downstaging with differentiation grade or fibro-inflammatory alterations in the resection
specimen.
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In patients with a high Dworak grade, thus good regression, a lower expression of Ki67
(p=0.07) and c-CK18 (p=0.0007) was noticed in the resection specimen (Fig. 3). The
expression of Ki67 in the resection specimen was also higher in those patients with
inflammatory fibrosis in the resection specimen (p=0.002).

Univariate analysis of clinico-pathological variables and immunostaining data
Several of the clinico-pathological variables that were tested correlated with either DFS, local
control (LC) or OS (Table 3). For DFS, high cT stage, cN stage, ypT stage and ypN stage were
negative prognostic factors, whereas T downstaging and fibrosis in the resection specimen
were positive prognostic factors, OS was associated with ypT, T downstaging, differentiation
grade, fibrosis in the resection specimen and positive section margins. Positive resection
margins, invasion, a high cN stage, ypT and ypN stage correlated with local recurrence.

A set of six biomarkers was tested by immunohistochemistry on the TMAs (Fig. 1). For DPS,
no prognostic value could be identified for the six biomarkers, OS showed a negative
correlation with the amount of COX-2 expression and high COX-2 expression in the resection
specimen correlated with local recurrences (Table 3, Fig. 4).

Multivariate analysis of clinico-pathological variables and biomarkers
In the multivariate Cox analysis, fibrosis in the resection specimen (p=0.01) and COX-2
expression in the biopsy (p=0.04) were significant predictors for OS. There was no significant
correlation between COX-2 expression and inflammation in the resection specimen (p=0.42).

Hierarchical cluster analysis
We performed a hierarchical cluster analysis to find expression patterns of responders and non-
responders to define patients with ‘good response’. However, no significant patterns associated
with response were found, possibly due to the small patient group.

Discussion
Anticancer therapies aim for the complete eradication of tumour cells. Nevertheless, it is well
known that although some tumours respond to cytotoxic therapies, such as irradiation and
chemotherapy, other tumours persist or relapse early after therapy. Until now, little is known
about the mechanisms responsible for persistence or recurrence of tumour cells after cytotoxic
therapies. One difficulty is the rare availability of longitudinal tumour material. Here, we
present a study of 99 locally advanced colorectal tumours treated pre-operatively with (chemo-)
radiotherapy, from which tumour material was available before and after pre-operative
treatment. The aim of the present study was twofold; on the one hand, we wanted to get insight
into the changes in protein expression caused by neo-adjuvant treatment. Moreover, we aimed
to correlate the expression of several biological markers with response in a patient population
with locally advanced rectal tumours.

Our patients were treated with either pre-operative radiotherapy (30 Gy) or pre-operative
chemoradiotherapy (45 Gy + 5-FU). Although 5-FU is interfering with DNA synthesis, leading
to less efficient repair of DNA stranded breaks, which could enhance the effect of radiation,
no significant differences were found in response (T downstaging, Dworak, LC, DFS, OS) or
the effect on expression of proteins in our patient group. This is in agreement with the
randomised trial in rectal cancer published by Bosset et al. where also no significant effect of
pre-operative radiotherapy or radiochemotherapy was seen on OS and DFS [12]. Although the
different doses of radiotherapy used in both treatment groups might seem quite different (30
versus 45 Gy), the biological effective dose of both the 30-Gy treatment, given in ten fractions
of 3 Gy, and the 45-Gy treatment given in 25 fractions of 1.8 Gy, is very comparable. The
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biological effective dose on the tumour equals 36 Gy for the 30-Gy treatment and 37.5 Gy for
the 45-Gy treatment. Because of the negligible effect of the different radiation doses and the
similar response found in the different treatment groups combined with the small number of
patients available in our study, the different groups were regarded as one to identify the
predictive and prognostic markers.

By comparing expression of proteins before and after therapy, we get an idea of which pathways
are influenced by the pre-operative (chemo)radiotherapy. We can conclude that proliferation,
as measured by Ki67 expression, was clearly diminished after pre-operative therapy, while the
number of apoptotic cells (c-CK18) was significantly increased. Rau et al. [29] also found a
downregulation of Ki67 after neo-adjuvant treatment, which could indicate that the most
proliferative tumour cells are the most sensitive for the neo-adjuvant treatment. In agreement
with this, our data also show that patients with a good regression have a lower percentage of
Ki67 positive cells left after treatment (Fig. 3).

Also, the expression of EGFR and to a lesser extent CAIX and COX-2 was influenced by the
chemoradiation: EGFR expression was downregulated, and CAIX and COX-2 expression
increased. Although radiotherapy is known to upregulate EGFR [30–32], we believe the delay
between the end of the radiotherapy and the surgery is the main reason for the downregulation
of EGFR in our study. The upregulation of COX-2 after radiotherapy is a phenomenon
described in vitro [33]. None of these parameters correlated with T downstaging or Dworak
regression.

In agreement with Gosens et al. [34], we found a significant correlation between regression (T
downstaging and Dworak regression) and ypT stage. We did however not see a correlation
with positive resection margins, possibly due to the low number of patients with positive
resection margins (n=6). The good correlation between regression and the ypT stage confirms
the idea by Gosens et al. suggesting that pre-operative treatment results in tumour shrinkage
rather than tumour fragmentation [34].

Most clinico-pathological prognosticators found in our study (Table 3) are variables proven to
have prognostic value in many studies, indicating the representativeness of our patient
population [27,35]. The observation that patients who have an extensive inflammatory response
at the tumour bed have a better outcome (DFS, p=0.007; OS, p=0.003) fits the hypothesis that
the tumour-associated inflammatory infiltrate is a type of host response and is an important
factor in tumour progression [36]. This may therefore be supportive for further studies on
therapeutic regimens that aim at intensifying host immune reaction in this patient population.

Next to the clinico-pathological markers, a set of six biomarkers was tested by
immunohistochemistry on the TMAs (Fig. 1), where we identified a prognostic value for
COX-2. Whilst the intrinsic COX-2 expression in the biopsies seems to be important for DFS,
the chance of local recurrences seems more dependent on the COX-2 expression in the resection
specimen. In literature, conflicting results concerning the role of COX-2 as prognostic marker
in colorectal tumours are reported. Recently, a large study by Fux et al. [37] found no prognostic
significance for COX-2 expression in pooled colon and rectal carcinomas on survival. A major
difference with our study is that we only looked at rectal adenocarcinomas. They claimed that
the definite answer on that issue was given due to the size of their study. But, the literature
shows as many published studies with prognostic value for COX-2 [38–42] as there are with
none [37,43–46].

Several studies have described the relevance of apoptosis for the clinical outcome of colorectal
cancer patients. Whereas some studies reported a better prognosis for patients with high levels
of intrinsic apoptosis, others could not find such a correlation or showed the opposite [21,22].
Ki67 is the most popular protein studied as a prognosticator in colorectal cancer, although, so
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far, only one study reported an independent prognostic role for Ki67 in colorectal tumours
when determined at the invasive margin [47]. Chen et al. [48] failed to demonstrate any
prognostic role for high Ki67, and in several large series of colorectal patients, Ki67 did not
correlate with survival [49–53]. In our study, no prognostic role for Ki67 or c-CK18 was found.
However, we did see that patients with a good response during pre-operative
radiochemotherapy showed a lower expression of Ki67 and c-CK18 in the resection specimen,
which suggests that the effect of the treatment on proliferation and apoptosis is important for
a good response.

To conclude, pre-operative chemoradiation gives rise to fibro-inflammatory changes, more
apoptosis, less proliferation and less EGFR expression. The effect on proliferation and
apoptosis seems to be important for tumour regression. Moreover, the fibro-inflammatory
changes induced during chemoradiation and COX-2 expression seem to be prognostic for the
outcome of the patients.

Acknowledgements
This work was supported by a FWO grant (G.0434.04) and Varian Biosynergy. Karin Haustermans is supported by a
fundamental clinical mandate of the FWO.

References
1. Adam IJ, Mohamdee MO, Martin IG, Scott N, Finan PJ, Johnston D, Dixon MF, Quirke P. Role of

circumferential margin involvement in the local recurrence of rectal cancer. Lancet 1994;344:707–
711. [PubMed: 7915774]

2. Heald RJ, Moran BJ, Ryall RD, Sexton R, MacFarlane JK. Rectal cancer: the Basingstoke experience
of total mesorectal excision, 1978–1997. Arch Surg 1998;133:894–899. [PubMed: 9711965]

3. Wibe A, Eriksen MT, Syse A, Myrvold HE, Soreide O. Total mesorectal excision for rectal cancer—
what can be achieved by a national audit? Colorectal Disease 2003;5:471–477. [PubMed: 12925083]

4. Hermanek P, Hermanek PJ. Role of the surgeon as a variable in the treatment of rectal cancer. Semin
Surg Oncol 2000;19:329–335. [PubMed: 11241915]

5. Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, Rutten HJ, Pahlman L,
Glimelius B, van Krieken JH, et al. Preoperative radiotherapy combined with total mesorectal excision
for resectable rectal cancer. N Engl J Med 2001;345:638–646. [PubMed: 11547717]

6. Krook JE, Moertel CG, Gunderson LL, Wieand HS, Collins RT, Beart RW, Kubista TP, Poon MA,
Meyers WC, Mailliard JA. Effective surgical adjuvant therapy for high-risk rectal carcinoma. N Engl
J Med 1991;324:709–715. [PubMed: 1997835]

7. Lee JH, Lee JH, Ahn JH, Bahng H, Kim TW, Kang YK, Lee KH, Kim JC, Yu CS, Kim JH, et al.
Randomized trial of postoperative adjuvant therapy in stage II and III rectal cancer to define the optimal
sequence of chemotherapy and radiotherapy: a preliminary report. J Clin Oncol 2002;20:1751–1758.
[PubMed: 11919231]

8. O’Connell MJ, Martenson JA, Wieand HS, Krook JE, Macdonald JS, Haller DG, Mayer RJ, Gunderson
LL, Rich TA. Improving adjuvant therapy for rectal cancer by combining protracted-infusion
fluorouracil with radiation therapy after curative surgery. N Engl J Med 1994;331:502–507. [PubMed:
8041415]

9. Stockholm Rectal Cancer Study Group. Preoperative short-term radiation therapy in operable rectal
carcinoma. A prospective randomized trial. Cancer 1990;66:49–55. [PubMed: 2191763]

10. Tepper JE, O’Connell MJ, Petroni GR, Hollis D, Cooke E, Benson AB III, Cummings B, Gunderson
LL, Macdonald JS, Martenson JA. Adjuvant postoperative fluorouracil-modulated chemotherapy
combined with pelvic radiation therapy for rectal cancer: initial results of intergroup 0114. J Clin
Oncol 1997;15:2030–2039. [PubMed: 9164215]

11. Thomas PR, Lindblad AS. Adjuvant postoperative radiotherapy and chemotherapy in rectal
carcinoma: a review of the Gastrointestinal Tumor Study Group experience. Radiother Oncol
1988;13:245–252. [PubMed: 3064191]

Debucquoy et al. Page 8

Int J Colorectal Dis. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



12. Bosset JF, Collette L, Calais G, Mineur L, Maingon P, Radosevic-Jelic L, Daban A, Bardet E, Beny
A, Oilier JC. Chemotherapy with preoperative radiotherapy in rectal cancer. N Engl J Med
2006;355:1114–1123. [PubMed: 16971718]

13. Dannenberg AJ, Lippman SM, Mann JR, Subbaramaiah K, DuBois RN. Cyclooxygenase-2 and
epidermal growth factor receptor: pharmacologic targets for chemoprevention. J Clin Oncol
2005;23:254–266. [PubMed: 15637389]

14. Willett CG, Kozin SV, Duda DG, di TE, Kozak KR, Boucher Y, Jain RK. Combined vascular
endothelial growth factor-targeted therapy and radiotherapy for rectal cancer: theory and clinical
practice. Semui Oncol 2006;33:S35–S40.

15. Gerdes J, Lemke H, Baisch H, Wacker HH, Schwab U, Stein H. Cell cycle analysis of a cell
proliferation-associated human nuclear antigen defined by the monoclonal antibody Ki-67. J
Immunol 1984;133:1710–1715. [PubMed: 6206131]

16. Brown DC, Gatter KC. Ki67 protein: the immaculate deception? Histopathology 2002;40:2–11.
[PubMed: 11903593]

17. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 2000;100:57–70. [PubMed: 10647931]
18. Hu W, Kavanagh JJ. Anticancer therapy targeting the apoptotic pathway. Lancet Oncol 2003;4:721–

729. [PubMed: 14662428]
19. Leers MP, Kolgen W, Bjorklund V, Bergman T, Tribbick G, Persson B, Bjorklund P, Ramaekers FC,

Bjorklund B, Nap M, et al. Immunocytochemical detection and mapping of a cytokeratin 18 neo-
epitope exposed during early apoptosis. J Pathol 1999;187:567–572. [PubMed: 10398123]

20. Duan WR, Gamer DS, Williams SD, Funckes-Shippy CL, Spath IS, Blomme EA. Comparison of
immunohistochemistry for activated caspase-3 and cleaved cytokeratin 18 with the TUNEL method
for quantification of apoptosis in histological sections of PC-3 subcutaneous xenografts. J Pathol
2003;199:221–228. [PubMed: 12533835]

21. de Bruin EC, vand V, van de PS, Nagtegaal ID, van Krieken JH, Gosens MJ, Petersburg LT, Medema
JP, Marijnen CA. Prognostic value of apoptosis in rectal cancer patients of the Dutch total mesorectal
excision trial: radiotherapy is redundant in intrinsically high-apoptotic tumors. Clin Cancer Res
2006;12:6432–6436. [PubMed: 17085656]

22. Marijnen CA, Nagtegaal ID, Mulder-Stapel AA, Schrier PI, van dV, van Krieken JH, Peltenburg LT.
High intrinsic apoptosis, but not radiation-induced apoptosis, predicts better survival in rectal
carcinoma patients. Int J Radiat Oncol Biol Phys 2003;57:434–443. [PubMed: 12957255]

23. Ivanov S, Liao SY, Ivanova A, Danilkovitch-Miagkova A, Tarasova N, Weirich G, Merrill MJ,
Proescholdt MA, Oldfield EH, Lee J, et al. Expression of hypoxia-inducible cell-surface
transmembrane carbonic anhydrases in human cancer. Am J Pathol 2001;158:905–919. [PubMed:
11238039]

24. Wykoff CC, Beasley NJ, Watson PH, Turner KJ, Pastorek J, Sibtain A, Wilson GD, Turley H, Talks
KL, Maxwell PH, et al. Hypoxia-inducible expression of tumor-associated carbonic anhydrases.
Cancer Res 2000;60:7075–7083. [PubMed: 11156414]

25. Saarnio J, Parkkila S, Parkkila AK, Haukipuro K, Pastorekova S, Pastorek J, Kairaluoma MI,
Karttunen TJ. Immunohistochemical study of colorectal tumors for expression of a novel
transmembrane carbonic anhydrase, MN/CA IX, with potential value as a marker of cell proliferation.
Am J Pathol 1998;153:279–285. [PubMed: 9665489]

26. Dworak O, Keilholz L, Hoffmann A. Pathological features of rectal cancer after preoperative
radiochemotherapy. Int J Colorectal Dis 1997;12:19–23. [PubMed: 9112145]

27. Shia J, Guillem JG, Moore HG, Tickoo SK, Qin J, Ruo L, Suriawinata A, Paty PB, Minsky BD,
Weiser MR, et al. Patterns of morphologic alteration in residual rectal carcinoma following
preoperative chemoradiation and their association with long-term outcome. Am J Surg Pathol
2004;28:215–223. [PubMed: 15043311]

28. Pastorekova S, Zavadova Z, Kostal M, Babusikova O, Zavada J. A novel quasi-viral agent, MaTu, is
a two-component system. Virology 1992;187:620–626. [PubMed: 1312272]

29. Rau B, Sturm I, Lage H, Berger S, Schneider U, Hauptmann S, Wust P, Riess H, Schlag PM, Dorken
B, Daniel PT. Dynamic expression profile of p21WAF1/CIP1 and Ki-67 predicts survival in rectal
carcinoma treated with preoperative radiochemotherapy. J Clin Oncol 2003;21:3391–3401.
[PubMed: 12885834]

Debucquoy et al. Page 9

Int J Colorectal Dis. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



30. Dent P, Reardon DB, Park JS, Bowers G, Logsdon C, Valerie K, Schmidt-Ullrich R. Radiation-
induced release of transforming growth factor alpha activates the epidermal growth factor receptor
and mitogen-activated protein kinase pathway in carcinoma cells, leading to increased proliferation
and protection from radiation-induced cell death. Moi Biol Cell 1999;10:2493–2506. [PubMed:
10436007]

31. Ruifrok AC, Mason KA, Lozano G, Thames HD. Spatial and temporal patterns of expression of
epidermal growth factor, transforming growth factor alpha and transforming growth factor beta 1–3
and their receptors in mouse jejunum after radiation treatment. Radiat Res 1997;147:1–12. [PubMed:
8989363]

32. Schmidt-Ullrich RK, Valerie KC, Chan W, McWilliams D. Altered expression of epidermal growth
factor receptor and estrogen receptor in MCF-7 celts after single and repeated radiation exposures.
Int J Radiat Oncol Biol Phys 1994;29:813–819. [PubMed: 8040028]

33. Steinauer KK, Gibbs I, Ning S, French JN, Armstrong J, Knox SJ. Radiation induces upregulation of
cyclooxygenase-2 (COX-2) protein in PC-3 cells. Int J Radiat Oncol Biol Phys 2000;48:325–328.
[PubMed: 10974444]

34. Gosens MJ, Klaassen RA, Tan-Go I, Rutten HJ, Martijn H, van den Brule AJ, Nieuwenhuijzen GA,
van Krieken JH, Nagtegaal ID. Circumferential margin involvement is the crucial prognostic factor
after multimodality treatment in patients with locally advanced rectal carcinoma. Ciin Cancer Res
2007;13:6617–6623.

35. Theodoropoulos G, Wise WE, Padmanabhan A, Kerner BA, Taylor CW, Aguilar PS, Khanduja KS.
T-level downstaging and complete pathologic response after preoperative chemoradiation for
advanced rectal cancer result in decreased recurrence and improved disease-free survival. Dis Colon
Rectum 2002;45:895–903. [PubMed: 12130878]

36. Jass JR. The pathological classification of colorectal cancer. Ann Acad Med Singapore 1987;16:469–
473. [PubMed: 2829694]

37. Fux R, Schwab M, Thon KP, Gleiter CH, Fritz P. Cyclooxygenase-2 expression in human colorectal
cancer is unrelated to overall patient survival. Clin Cancer Res 2005;11:4754–4760. [PubMed:
16000571]

38. Konno H, Baba M, Shoji T, Ohta M, Suzuki S, Nakamura S. Cyclooxygenase-2 expression correlates
with uPAR levels and is responsible for poor prognosis of colorectal cancer. Clin Exp Metastasis
2002;19:527–534. [PubMed: 12405290]

39. Masunaga R, Kohno H, Dhar DK, Ohno S, Shibakita M, Kinugasa S, Yoshimura H, Tachibana M,
Kubota H, Nagasue N. Cyclooxygenase-2 expression correlates with tumor neo-vascularization and
prognosis in human colorectal carcinoma patients. Clin Cancer Res 2000;6:4064–4068. [PubMed:
11051257]

40. Sheehan KM, Sheahan K, O’Donoghue DP, MacSweeney F, Conroy RM, Fitzgerald DJ, Murray FE.
The relationship between cyclooxygenase-2 expression and colorectal cancer. JAMA
1999;282:1254–1257. [PubMed: 10517428]

41. Soumaoro IT, Uetake H, Higuchi T, Takagi Y, Enomoto M, Sugihara K. Cyclooxygenase-2
expression: a significant prognostic indicator for patients with colorectal cancer. Clin Cancer Res
2004;10:8465–8471. [PubMed: 15623626]

42. Tomozawa S, Tsuno NH, Sunami E, Hatano K, Kitayama J, Osada T, Saito S, Tsuruo T, Shibata Y,
Nagawa H. Cyclooxygenase-2 overexpression correlates with tumour recurrence, especially
haematogenous metastasis, of colorectal cancer. Br J Cancer 2000;83:324–328. [PubMed: 10917546]

43. Joo YE, Kim HS, Min SW, Lee WS, Park CH, Park CS, Choi SK, Rew JS, Kim SJ. Expression of
cyclooxygenase~2 protein in colorectal carcinomas. Int J Gastrointest Cancer 2002;31:147–154.
[PubMed: 12622426]

44. Petersen S, Haroske G, Hellmich G, Ludwig K, Petersen C, Eicheler W. COX-2 expression in rectal
carcinoma: immunohistochemical pattern and clinical outcome. Anticancer Res 2002;22:1225–1230.
[PubMed: 12168930]

45. Wu AW, Gu J, Ji JF, Li ZF, Xu GW. Role of COX-2 in carcinogenesis of colorectal cancer and its
relationship with tumor biological characteristics and patients’ prognosis. World J Gastroenterol
2003;9:1990–1994. [PubMed: 12970891]

Debucquoy et al. Page 10

Int J Colorectal Dis. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



46. Zhang H, Sun XF. Overexpression of cyclooxygenase-2 correlates with advanced stages of colorectal
cancer. Am J Gastroenterol 2002;97:1037–1041. [PubMed: 12003384]

47. Palmqvist R, Sellberg P, Oberg A, Tavelin B, Rutegard JN, Stenling R. Low tumour cell proliferation
at the invasive margin is associated with a poor prognosis in Dukes’ stage B colorectal cancers. Br
J Cancer 1999;79:577–581. [PubMed: 10027333]

48. Chen YT, Henk MJ, Carney KJ, Wong WD, Rothenberger DA, Zheng T, Feygin M, Madoff RD.
Prognostic significance of tumor markers in colorectal cancer patients: DNA index, S-phase fraction,
p53 expression, and Ki-67 index. J Gastrointest Surg 1997;1:266–272. [PubMed: 9834357]

49. Sato T, Nishimura G, Fushida S, Fujimura T, Yonemura Y, Nonomura A, Miwa K, Miyazaki I.
Evaluation of p53, Ki-67 and DNA ploidy in both primary rectal carcinomas and locally recurrent
tumors. Oncol Rep 1998;5:1225–1229. [PubMed: 9683840]

50. Hoos A, Nissan A, Stojadinovic A, Shia J, Hedvat CV, Leung DH, Paty PB, Klimstra D, Cordon-
Cardo C, Wong WD. Tissue microarray molecular profiling of early, node-negative adenocarcinoma
of the rectum: a comprehensive analysis. Clin Cancer Res 2002;8:3841–3849. [PubMed: 12473598]

51. Allegra CJ, Parr AL, Wold LE, Mahoney MR, Sargent DJ, Johnston P, Klein P, Behan K, O’Conneil
MJ, Levitt R, et al. Investigation of the prognostic and predictive value of thymidylate synthase, p53,
and Ki-67 in patients with locally advanced colon cancer. J Clin Oncol 2002;20:1735–1743.
[PubMed: 11919229]

52. Jansson A, Sun XF. Ki-67 expression in relation to clinicopathological variables and prognosis in
colorectal adenocarcinomas. APMIS 1997;105:730–734. [PubMed: 9350218]

53. Rosati G, Chiacchio R, Reggiardo G, De SD, Manzione L. Thymidylate synthase expression, p53,
bcl-2, Ki-67 and p27 in colorectal cancer: relationships with tumor recurrence and survival. Tumour
Biol 2004;25:258–263. [PubMed: 15627889]

Debucquoy et al. Page 11

Int J Colorectal Dis. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 1.
Examples of six core biopsies stained for Ki67 (a), CA IX (b), VEGF (c), EGFR (d), c-CK18
(e) and COX-2 (f), a, e and f ×200 magnification; b, c and d ×100 magnification
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Fig. 2.
Expression of EGFR (a), Ki67 (b) and c-CK18 (c) in the biopsy and the resection specimen
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Fig. 3.
Expression of Ki67 (a) and c-CK18 (b) in the resection specimen of patients with different
regression grades. Patients with a good regression (=high Dworak grade) have a lower
expression of Ki67 and c-CK18
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Fig. 4.
Overall survival curve for COX-2 expression (a) in the biopsy. Local recurrence curve for
COX-2 expression in the resection specimen (b)
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Table 1
Patient characteristics

Number Percentage

Number of patients 99

Age (years) 63 (39–84)

Gender (male/female) 64/35

Tumour stage

  cT2 10 10.1

  cT3 75 75.8

  cT4 12 12.1

  cTx 2 2.0

Nodal stage

  cN0 24 24.2

  cN1-2 68 68.7

  cNx 7 7.1

Histopathologic grade

  G1 10 10.1

  G2 39 39.4

  G3 37 37.4

  Unknown 13 13.1
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Table 2
Characteristics of expression patterns of studied proteins

Median percentage positivity Range of
percentage
positivity

% of tumours
showing expression

Ki67 Biopsy 78.8 (0–100) 95

Res. spec. 32 (0–87.5) 63

CA IX Biopsy 31.7 (0–100) 87

Res. spec. 10 (0–89.1) 61

COX-2 Biopsy 65 (0–100) 81

Res. spec. 87.8 (0–100) 80

VEGF Biopsy 95 (0–100) 94

Res. spec. 90 (7–100) 85

EGFR Biopsy 67 (0–100) 77

Res. spec. 0 (0–100) 40

c-CK18 Biopsy 0a (0–17)a 44

Res. spec. 2a (0–34)a 59

Res. spec. resection specimen

a
Number of positive tumour cells per punch (=1 mm2)
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Table 3
Prognostic markers, clinical variables and cluster groups in univariate analysis of disease free survival, local control
and overall survival

Marker or factor (cut-off) Significance (p
value) DFS

Significance (p
value) LC

Significance (p
value) OS

cT (1, 2–3, 4) 0.03, (−) 0.21 0.13

cN (0, 1–2) 0.007, (−) 0.0004, (−) 0.06

ypT (is, 0, 1–2, 3, 4) 0.005, (−) 0.009, (−) 0.0007, (−)

ypN (0–+) 0.001, (−) 0.002, (−) 0.38

T downstaging (no- yes) 0.04, (+) 0.16 0.003, (+)

Dworak regression grade (0–1–2 versus 3–4) 0.69 0.99 0.17

Fibrosis res. spec. (without–with inflammation) 0.007, (+) 0.003, (+)

Differentiation res. spec. (I–II–III) 0.08 =0.04a

Invasion (no–yes) 0.15 0.04, (−) 0.16

Section margins (neg–pos) 0.15 0.0004, (−) 0.04, (−)

COX-2 biopsy (median) 0.11 0.19 0.05, (−)

CA IX biopsy (median) 0.76 0.54 0.29

EGFR biopsy (median) 0.72 0.98 0.98

VEGF biopsy (median) 0.59 0.90 0.25

Ki67 biopsy (median) 0.23 0.36 0.42

c-CK18 biopsy (median) 0.96 0.06 0.64

COX-2 res. spec. (median) 0.23 0.05, (−) 0.42

CA IX res. spec. (median) 0.33 0.97 0.94

EGFR res. spec. (median) 0.93 0.55 0.76

VEGF res. spec. (median) 0.48 0.66 0.83

Ki67 res. spec. (median) 0.12 0.48 0.84

c-CK18 res. spec. (median) 0.57 0.77 0.26

(−) negative factor, (+) positive factor, Res. spec. resection specimen, DFS disease free survival, LC local control, OS overall survival

a
Confounding data, grade II is better than I and III
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