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Abstract

The level of the tissue inhibitor of metalloproteinases 1 (TIMP-1) has previously been demonstrated to predict the survival of
early stage colorectal cancer patients. The present study was undertaken to further validate plasma TIMP-1 as a prognostic marker
in rectal cancer. Preoperative plasma from 352 rectal cancer patients were analysed using an immunoassay for TIMP-1. The TIMP-
1 immunoassay demonstrated robustness and good reproducibility with low interassay coefficients of variation (CV). The rectal
cancer patients had a mean plasma TIMP-1 level of 184 pg/l (standard deviation (SD): 70 ng/l). There were no significant differ-
ences in TIMP-1 levels between patients with Dukes’ stage A, B or C disease, whereas Dukes’ stage D patients had significantly
increased TIMP-1 levels (P <0.0001); however, high levels of TIMP-1 were not restricted to those with advanced disease. Univariate
analysis demonstrated an increasing risk of mortality with increasing TIMP-1 levels Hazard Ratio (HR)=2.9; 95% Confidence
Interval (CI): 1.7-5.0; P<0.0001). Including additional covariates, multivariate analysis identified plasma TIMP-1 as an indepen-
dent prognostic marker (HR =2.2; 95% CI: 1.2-4.1 (P=0.01). This study showed a highly significant and independent association
between preoperative plasma TIMP-1 levels and survival in rectal cancer patients, thus confirming our previous findings. Further-
more, the TIMP-1 immunoassay proved to be stable and reproducible in this confirmatory study.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Current staging of patients with early colorectal can-
cer fails to adequately predict patient outcome, as 30%
of patients with Dukes’ stage B cancer will experience
recurrence over a S5-year period whereupon the disease is
fatal in most cases. Therefore, in early stage colorectal
cancer (Dukes’ stage A and B disease) there is a need to
develop markers, which can be used to identify patients
at high risk of disease recurrence, independent of the
conventional stage classification. These patients might
then be offered adjuvant therapy, while patients at low
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risk of disease recurrence could be spared such treat-
ment and its adverse effects. Thus, with clinical gui-
dance partly based on tumour marker testing, a tailored
adjuvant therapy would be cost-effective and have the
potential of reducing over- as well as under-treatment.
The demand for the identification of new target mole-
cules that potentially can be developed and tested as
clinically applicable tumour markers is evident.

As described by Hayes and colleagues, acceptance of
novel tumour markers in clinical settings requires thor-
ough validation before being implemented into routine
clinical use [1,2]. In order to propose guidelines on how
promising markers progress from the laboratory into
the clinic, Hayes and colleagues have introduced the
tumour marker utility grading system: TMUGS.
According to this system, a number of validation
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requirements are suggested which have to be fulfilled
before the marker can be considered to have reached
level of evidence I (LOE I), whereupon clinical imple-
mentation is feasible. Most tumour marker studies are
LOE 111, defined as retrospective studies where samples
were not originally collected with the intent of testing
the prognostic value of the marker of interest. The
intermediate level—LOE II—is constituted by compa-
nion studies with prospectively collected specimens as
part of a therapeutic trial with pre-established endpoints
and evaluation of both the marker and the therapeutic
intervention. Finally, LOE 1 studies are either (1)
highly-powered prospective studies specifically addres-
sing the issue of the utility of the marker or (2) an
overview or meta-analysis of studies, each of which have
a lower level of evidence.

We recently reported that total levels of tissue inhi-
bitor of metalloproteinases 1 (TIMP-1) measured pre-
operatively in plasma are highly significantly associated
with colorectal cancer survival: high plasma TIMP-1
levels predicting a shorter patient survival [3]. Of parti-
cular interest it was noted that preoperative plasma
TIMP-1 was demonstrated to be a strong marker for
patient outcome independent of clinicopathological
parameters such as Dukes’ stage and tumour location
(colon vs. rectum) in a multivariate analysis, implying
that plasma TIMP-1 measurements can be used to
divide patients into distinct prognostic groups regard-
less of their stage of disease and tumour location.

In order to further validate the use of plasma TIMP-1
as an independent prognostic marker in patients with
rectal cancer, we applied our TIMP-1 immunoassay to
pre-therapeutically collected plasma samples from a
cohort of 352 rectal cancer patients and correlated the
plasma TIMP-1 values obtained with patient survival.
Moreover, we further tested and validated our immu-
noassay for total TIMP-1 levels in this new set of
plasma samples.

2. Patients and methods
2.1. Patients

In total, 352 consecutive patients with histopatholo-
gically-verified rectal cancer were included in the study.
Blood samples (ethylene diamine tetra acetic acid
(EDTA) vials) were prospectively collected between
November 1994 and February 2001 at the first out-
patient visit at the Department of Oncology, Lund
University Hospital and before any treatment. The
samples were centrifuged at 800 g for 10 min and the
overlying plasma was transferred to a new tube and
stored at —80 °C until use. The sampling procedure has
previously been described in detail in Ref. [4]. 226
patients were males and 126 females and their median

age was 68 years (range: 31-91 years). 79 patients were
classified as Dukes’ stage A, 128 as Dukes’ B, 110 as
Dukes’” C and 35 as Dukes’ D. For 346 patients, the
grade of tumour differentiation was registered as either
well (1), moderately (2) or poorly differentiated (3). The
median time of observation was 43 months (range: 20—
95 months; Ist-3rd quartile: 32—-65 months) for the sur-
vivors and during this time 123 patients died (death
from all causes). Of the 352 patients, total mesorectal
excision (TME) of the primary tumour was performed
for 286 (81%) as they were deemed to have resectable
tumours. As part of the standard treatment regimen,
these 286 patients also received short-course pre-
operative radiotherapy to a total dose of 25 Gy in 5
fractions. Of the remaining patients, 38 (11%) with pri-
marily unresectable tumours were given prolonged
radiotherapy (50 Gy in 25 fractions), while 28 (8%)
patients having either small tumours or disseminated
disease at the time of diagnosis were not given any
radiotherapy. The Lund University Ethics Committee
granted permission for the study. Patients’ character-
istics are given in Table 1. The data from this validation
study including Swedish patients was compared with
our initial Danish multicentre study where 255 patients
with rectal cancer were included [3].

2.2. TIMP-1I assay

A sandwich immunoassay for the quantitation of
total TIMP-1 levels (free and complexed forms) was
applied to the preoperative plasma samples. In brief, the
immunoassay consists of a polyclonal anti-TIMP-1
antiserum raised in sheep [5] for capture of antigen and
a monoclonal anti-TIMP-1 IgGl (MACI15) [6] for
detection of the bound antigen. This antibody recog-
nises both free and complexed TIMP-1 bound by the

Table 1
Patient characteristics (n=352)

Dukes’ stage

A 79 (22%)
B 128 (36%)
C 110 (31%)
D 35 (10%)
Tumour differentiation grade®
0 6 (2%)
1 5 (1%)
2 250 (71%)
3 91 (26%)
Gender
Males 226 (64%)
Females 126 (36%)
Deaths 123 (35%)

Age (years) 68 (median) range 31-91

4 Tumour differentiation grade: 0 =no data, 1 =well differentiated,
2=moderately differentiated, 3 = poorly differentiated.
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polyclonal antibody [7]. Finally, an alkaline phospha-
tase conjugated rabbit anti-mouse antiserum (Dako,
Glostrup, Denmark) is used as the final layer enabling
the kinetic rate assay. The TIMP-1 immunoassay has
previously been rigorously validated and demonstrates
low intra- and interassay coefficients of variation (CV)
[8]. In the present study, two different plasma pools
served as internal controls on each plate. The first
plasma pool had an intermediate level of TIMP-1, the
second a high content of TIMP-1. As part of the further
validation of the immunoassay, interassay CV’s for
these two plasma pools were determined.

2.3. CEA and platelets

Preoperative serum samples were available for the
carcinoembryonic antigen (CEA) analysis from 167
(47%) of the 352 rectal cancer patients. CEA was mea-
sured using an electrochemiluminiscent assay, CEA
Elecsys (Roche Diagnostics). A cut-point of 5 pg/l for
the distinction between high and low serum CEA was
defined by the vendor. The platelet count was available
for 197 patients.

2.4. Statistical analyses

The SAS® software package (version 8.2; SAS Insti-
tute, Cary, N.C., USA) was used to manage the patient
data and for the statistical analysis. Preoperative plasma
TIMP-1 values were considered continuous using log,
transformed values. The end-point for the survival ana-
lysis was death from any cause. The Kaplan—Meier
method was used to estimate the survival probabilities,
and the log rank test was used to test for equality of the
strata. The Cox proportional hazard model was used for
the multivariate analysis. Model validation was done
graphically and using the methods described by Harrell
and colleagues in Ref. [9]. Rank statistics were used to
calculate correlation coefficients and to test the hypoth-
esis on location. The level of significance was set at 5%.
Significance testing was two-sided where appropriate.

3. Results
3.1. TIMP-1 assay validation

By the inclusion of two different plasma pools on each
microtitre plate, the interassay variation of the enzyme-
linked immunosorbent assay (ELISA) could be validated
at different levels of TIMP-1. The mean (standard
deviation (SD)) and median (range) concentrations for the
two pools on 15 different plates were: 54 (5.8) ug/l, 55 (45—
65) ng/l and 156 (13) pg/l, 155 (121-173) ug/l, respectively.
The inter-assay coefficients of variation were 10.8% and
8.5% for the two different pools, respectively.

3.2. TIMP-1 in rectal cancer patients

All 352 patient plasma samples contained measurable
TIMP-1 and the median (range) patient TIMP-1 level
was 171 (80-618) ug/l; the mean (SD) level 184 (70) pg/l.
When comparing plasma TIMP-1 levels in patients with
different Dukes’ stages, no significant differences in the
TIMP-1 levels between Dukes’ stage A, B or C rectal
cancer patients were observed. However, patients with
Dukes’ D rectal cancer had significantly increased
TIMP-1 blood levels (P<0.0001). This is illustrated in
Fig. 1, where plasma TIMP-1 values are depicted as a
function of Dukes’ stage. It can be seen that although
Dukes” D patients on average had increased levels
compared with patients in Dukes’ stage A, B and C,
high plasma levels of TIMP-1 were not restricted soley
to those with advanced disease. In early stage rectal
cancer patients (Dukes’ A and B), high levels of TIMP-1
were also found. The median (range) and mean (SD)
TIMP-1 levels in the different Dukes’ stages were as
follows: Dukes’ A 167 (84-507) pg/l and 176 (71) pg/l,
Dukes’ B 172 (97-368) pg/l and 181 (54) ug/l, Dukes’ C
167 (80—490) pg/l and 176 (62) pg/l and Dukes” D 205
(106-618) pg/l and 239 (112) pg/l.

Fig. 1 also depicts plasma TIMP-1 values as a func-
tion of Dukes’ stage in the comparative Danish patient
cohort (n=255). Overall, plasma TIMP-1 levels were
higher in the 352 Swedish rectal cancer patients. The
median (range) TIMP-1 levels in the comparative Dan-
ish cohort was 126 (64-640); in the different Dukes’
stages the median (range) TIMP-1 levels were: Dukes’ A
118 (65-420) pg/l, Dukes’ B 117 (75-510) ug/l, Dukes’ C
124 (64-330) pg/l and Dukes’ D 160 (81-640) ng/l.
However, the distribution of plasma TIMP-1 between
the different Dukes’ stages were similar in the two
cohorts of rectal cancer patients with increased levels in
Dukes’ stage D patients, but high levels also being
found in the lower Dukes’ stage patients.

When testing for an association between plasma
TIMP-1 levels and patient age in the cohort of Swedish
rectal cancer patients, a weak correlation between
plasma TIMP-1 and age was found (r=0.12; P=0.08).
This correlation was even lower than in our previous
study, where a relatively weak association between
plasma TIMP-1 and age of the rectal cancer patients
was calculated (r=0.41; P<0.0001). No significant dif-
ference in plasma TIMP-1 levels was observed between
males and females (P=0.36) or when comparing differ-
ent tumour differentiation grades (P=0.23; grade 3 vs.
1+2) (Table 2).

3.3. CEA and platelets
The median (range; 1st—3rd quartile) CEA level in 167

of the 352 patients was 4.0 (0.5-8900; 2.0-11.0) pg/l.
Using the predefined cut-off point of 5 pg/l, 103 patients
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Fig. 1. Box plots demonstrating plasma tissue inhibitor of metalloproteinases 1 (TIMP-1) levels in relation to Dukes’ stage in Swedish (dotted
boxes) and Danish (dashed boxes) rectal cancer patient cohorts. Boxes indicate 25th, 50th and 75th centiles. Whiskers indicate 1.5x interquartile

range (st to 3rd quartile). Circles are outliers.

Table 2

Association of patients’ characteristics with tissue inhibitor of metalloproteinases 1 (TIMP-1)

P value Spearman’s correlation (r)
Dukes’ stage® <0.0001
Tumour differentiation grade (n = 346)° 0.23
Gender (male vs. female) 0.36
Age (years) 0.08 0.12
Carcinoembryonic antigen (CEA) (n=167) 0.86 —0.01
Platelet count (n=197) <0.0001 0.40

4 Dukes’ stage D significantly higher. Dukes’ A, B and C are not significantly different.

® Tumour differentiation grade 3 vs. grades 1+ 2.

were defined as having a low CEA and accordingly 64
patients as having a high CEA. No association between
plasma TIMP-1 and serum CEA was found (r=—0.01,
P=0.86) (Fig. 2a). In 197 patients where the platelet
count was determined, the median (range) level was 282
(90-649) 10°/1. However, a relatively weak significant
association between plasma TIMP-1 levels and the pla-
telet count was found (r=0.40, P<0.0001). This weak
association is depicted in Fig. 2b, where the platelet
count is plotted against plasma TIMP-1 levels. Table 2
summarises the associations between the measured
parameters and the patient’s characteristics.

3.4. Univariate survival analysis
When entering the TIMP-1 data in a univariate sur-

vival analysis, plasma TIMP-1 levels were significantly
associated with survival (P<0.0001). An increase in

plasma TIMP-1 of 1 unit on the log, scale corresponded
to an estimated increase in the patient’s Hazard Ratio
(HR) of 2.9 (95% Confidence Interval (CI): 1.7-5.0).
This association between plasma TIMP-1 levels and
patient outcome can also be seen from Fig. 3, where the
352 rectal cancer patients were divided into three strata
according to the level of TIMP-1 found in each indivi-
dual plasma sample, such that each stratum yielded an
equal number of patient deaths (death from all causes).
The TIMP-1 levels in the three strata were: (I) TIMP-1
<164, (I1) 164 < TIMP-1<213, (IIT) TIMP-1> 213 pg/l.
From this Kaplan—-Meier plot, it can be seen that
plasma TIMP-1 was associated with a continuously
increasing risk of mortality: patients with a higher
TIMP-1 having a shorter survival.

In order to evaluate the prognostic value of plasma
TIMP-1 in early stage rectal cancer, we stratified Dukes’
stage A+ B rectal cancer patients (n=207) into two
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Fig. 2. Scatter plots of serum carcinoembryonic antigen (CEA) as a
function of plasma TIMP-1 (Fig. 2a) and of platelet count as a func-
tion of plasma TIMP-1 (Fig. 2b).

groups according to their plasma TIMP-1 values being
either above or below a chosen cut-off point of plasma
TIMP-1, such that group I represents 70% of the early
stage patients (n=145/207) with the lowest plasma
TIMP-1 levels and group II the remaining 30% (n=062/
207) with the highest TIMP-1 levels. This stratification
was performed to reflect the average 5-year outcome of
patients with early stage rectal cancer, where approxi-
mately 30% will relapse and subsequently die of their
disease. It was found that TIMP-1 was significantly
correlated with survival (P=0.01) in these patients. The
calculated plasma TIMP-1 cut-off point was 196 pg/l
and a HR (95% CI) of 2.3 (1.2-4.3) was estimated
reflecting the increase in hazard for a patient above the
cut-off point compared with one in the group below.

3.5. Multivariate survival analysis

Including the variables Dukes’ stage, tumour differ-
entiation grade, age, gender and plasma TIMP-1 level, a

Cox multivariate analysis of the survival data was per-
formed with 346 eligible patients (for 6 patients data on
tumour differentiation grade was lacking). Due to the
low number of patients with CEA values and platelet
counts, these two variables were not included in the
multivariate analysis. Dukes’ stage was found to be sig-
nificantly associated with survival (P <0.0001) with cal-
culated HR’s (95% CI) of 2.1 (0.9-4.7), 5.1 (2.4-11) and
21.9 (9.6-50) for Dukes’ stages B, C and D with Dukes’
A as the baseline group. Patient age was also found to
be significantly associated with patient outcome
(P=0.03) with an estimated HR (95% CI) of 1.2 (1.0-
1.4) per decade. Gender was not a significant parameter
(P=0.67): HR (95% CI): 1.1 (0.7-1.6). Tumour differ-
entiation grade was demonstrated to be independently
associated with patient survival (P <0.0001) with a HR
(95% CI) of 2.8 (1.9-4.1) when comparing a patient
with a grade 3 tumour to a patient with a lower grade
tumour (grade 3 vs. grade 1 + 2). Finally, plasma TIMP-1
was demonstrated to be independently associated with
survival (P=0.01) with an estimated HR (95% CI) of
2.2 (1.2-4.1), indicating the increase in hazard for
patients differing by 1 unit on the log, scale. The com-
plete results from the multivariate analyses can be seen
in Table 3.

4. Discussion

Several reports have demonstrated that TIMP-1—a
naturally occurring inhibitor of the matrix metallopro-
teinases (MMP)—possesses alternative functions such
as: stimulation of cell growth [10-12], inhibition of
apoptosis [13—15] and involvement in malignant cellular
transformation [16,17]. These activities have recently
been demonstrated to be functionally distinct from the
MMP inhibiting property of TIMP-1 [13,18]. Conse-
quently, we speculated that plasma levels of TIMP-1
might serve as a marker of tumour growth and/or
aggressiveness in colorectal cancer. This hypothesis was
further supported by reports of an increasing number of
intestinal tumours in Min mice overexpressing TIMP-1
[15]. We recently found that total levels of TIMP-1 in
preoperative plasma from colorectal cancer patients
were significantly associated with patient outcome and
that high levels of plasma TIMP-1 predicted a short
survival, independent of other clinicopathological para-
meters such as Dukes’ stage, tumour location, age and
gender [3]. In order to further validate the potential
usefulness of plasma TIMP-1 as a tumour marker in
accordance with the TMUGS-guidelines [2], we pro-
ceeded to measure total levels of TIMP-1 in plasma
from a new and independent patient cohort. In addi-
tion, such a study enabled us to further evaluate the
stability and reproducibility of our TIMP-1 immu-
noassay in a new set of plasma samples.
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Table 3
Multivariate survival analysis

P value HR (95% CI)

Bvs. A
Cvs. A
Dvs. A

Dukes’ stage

Tumour differentiation grade 3vs. 1+2

Gender male vs. female
Age decades

TIMP-1 1 loge unit

0.07 2.1 (0.9-4.7)
<0.0001 5.1(2.4-11)
<0.0001 22 (9.6-50)
<0.0001 2.8 (1.9-4.1)
0.67 1.1 (0.7-1.6)
0.03 1.2 (1.0-1.4)

0.01 2.2(1.2-4.1)

HR, Hazard Ratio; 95% CI, 95% Confidence Interval.

Survival

0.24

P <0.0001

0.0 T T T T
0 24 48 72 96

Time (months)

Events Patients at risk
41 155 120 33 11

42 119 90 48

25 -—— |l

40 78 53 21 8 —— il

Fig. 3. Overall survival of 352 rectal cancer patients divided into three
strata according to plasma TIMP-1 values. The number of patients at
risk at 0, 24, 48 and 72 months is shown below the figure for each
stratum aligned under the corresponding time point. The number of
deaths (death from all causes) for each stratum is shown to the left.
The plasma TIMP-1 (ug/l) values in the three strata were: (I) TIMP-1
<164, (II) 164 < TIMP-1<213, (IIT) TIMP-1>213.

This confirmatory study including plasma obtained
preoperatively from 352 patients with rectal cancer
confirmed our previous findings: (1) Total levels of pre-
operative plasma TIMP-1 are not significantly different
in rectal cancer patients with Dukes’ A, B or C disease.
However, Dukes’ stage D patients have significantly
increased plasma levels of TIMP-1, although high
TIMP-1 levels are not restricted to those with advanced
stage disease. (2) Total levels of preoperative plasma
TIMP-1 are significantly associated with rectal cancer
patient survival; high TIMP-1 levels predicting a short
patient survival. (3) In multivariate analysis, a sig-
nificant association between plasma TIMP-1 and

patient survival exists; an association demonstrated to
be independent of other clinicopathological parameters
such as Dukes’ stage, tumour differentiation grade, age
and gender. Hence, these findings, in an independent set
of patients from Sweden, suggest that preoperative
measurement of plasma TIMP-1 in rectal cancer may
have clinical value by identifying high and low risk
patients. Thus, early stage patients (Dukes’ stage A or
B) with high preoperative plasma TIMP-1 and therefore
at a high risk of disease recurrence would be potential
candidates for adjuvant chemotherapy in order to
improve prognosis. Several new chemotherapy agents
have recently been introduced in colorectal cancer
treatment. An optimised use of prognostic markers in
combination with pre-operative radiotherapy and ran-
domised chemotherapy trials offers great potential to
improve survival for rectal cancer patients. However, as
described above, it has been shown that TIMP-1 may
protect cells against apoptosis and it therefore cannot be
excluded that patients with high plasma TIMP-1 levels
may also show an increased resistance to apoptosis-
inducing anti-cancer therapeutics. A prospective ran-
domised clinical study is needed in order to examine this
further.

A secondary, but important, goal of our present study
was to establish the reproducibility of the TIMP-1
immunoassay, which previously has been demonstrated
to be highly specific and sensitive for total TIMP-1 with
no cross-reactivity with TIMP-2, TIMP-3 or TIMP-4
[8,19]. By inclusion of two separate plasma pools as
internal controls on each plate, it was possible to show
good assay reproducibility by demonstration of a low
interassay variability, both within the present study and
in comparison with our previous studies where the
TIMP-1 immunoassay and the same internal controls
samples have been used. Thus, the immunoassay for
measurement of total levels of TIMP-1 meets the
demands for an assay used for quantitation of a
plasma marker from different cohorts of patients and
donors.
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A significant difference between our previous study
and this study was that the measured plasma TIMP-1
levels in the rectal cancer patients were (on average)
35% higher than those reported by us previously in the
Danish rectal cancer patient cohort [3]. Possible expla-
nations for such differences could be found in pre-
analytical variables or in variables connected to the
analytical phase itself. Obviously, the most crucial ana-
lytical variable is the immunoassay used for marker
determination. If the assay is unstable or demonstrates a
poor reproducibility, the results will be highly variable.
However, as stated above, our TIMP-1 immunoassay
has been thoroughly tested and validated and shows
good stability. At the preanalytical stage, variables such
as sample type (e.g. serum, EDTA plasma, citrate
plasma), blood collection procedures, sample prepara-
tion procedures (e.g. centrifugation) and storage of
samples can cause large differences in the levels of the
molecule of interest. However, TIMP-1 levels are not
affected by repeated freezing and thawing of samples for
up to 6 times (data not shown). Furthermore, differ-
ences in centrifugation velocity and duration during
plasma preparation have been tested and did not result
in divergent TIMP-1 levels in our TIMP-1 immu-
noassay (Holten-Andersen and colleagues, data not
shown). Choice of sample type (serum vs. plasma) is of
particular importance for TIMP-1 determination, since
this protein is stored in a-granules in platelets from
where it can be released upon platelet activation [20].
The sample type analysed in the present study was
EDTA plasma as in our original report. However, the
collection and preparation of the samples were done
according to a strict protocol in our previous report [3],
whereas the same procedure was not applied in the pre-
sent study, which was conducted between 1994 and 2001
in Lund, Sweden. These differences in the collection and
preparation procedures of the EDTA plasma samples
could possibly explain the differences in the TIMP-1
levels. Thus, the levels should not be directly com-
pared between the two studies. Rather, focus should be
directed to the associations between plasma TIMP-1
levels and patient outcome and the correlation to the
other clinicopathological parameters.

Few other investigators have reported on the
measurement of preoperative blood levels of TIMP-1 in
colorectal cancer patients. Nevertheless, the existing
reports have shown similar distributions of TIMP-1: i.e.
Dukes’ stage D patients having increased levels com-
pared with Dukes” A, B and C patients but high levels
also being found in some early stage disease patients
[21,22]. Differences in immunoassays and various sam-
ple materials (serum vs. plasma) may well explain the
differences in TIMP-1 levels in these studies compared
with the values previously reported by our group.

A new and significant finding of the present study was
the inclusion of CEA and platelet count and the associ-

ation of these two parameters with plasma TIMP-1.
CEA, which is the most thoroughly investigated marker
in colorectal cancer, was not correlated to TIMP-1
levels, whereas platelet count was only weakly, but sig-
nificantly, associated with TIMP-1. TIMP-1 has been
demonstrated to be present in large amounts in platelets
from where it can be released upon platelet activation
[20], but the weak correlation between TIMP-1 and
platelet count in the present study suggests that
TIMP-1 is not merely a reflection of platelet count.
We can speculate that the level of platelet activation
rather than the actual platelet count might be asso-
ciated with plasma TIMP-1. However, we have no
data on the activation of the circulating platelets in this
study.

In our first report, 49% (standard error of the mean
(SEM): 3%) of the included rectal cancer patients were
alive after 36 months, whereas 70% (SEM: 3%) of the
patients were alive at the same time point in the our
present confirmatory study. Even when looking only at
early stage disease (Dukes’ stage A+ B)—there were
fewer Dukes’ stage D patients in this confirmatory
study—the survival at 36 months was 73% (SEM: 4%)
in the initial study compared with 83% (SE: 3%) in this
study. From a treatment point of view, the patient
population of this report is essentially different from
that of our initial study. In this confirmatory study
containing patients enrolled from 1994 to 2001, surgical
technique (TME) and the use of pre-operative radio-
therapy has been introduced which contrasts with
treatments given to patients in our previous study. In
the present sample, most patients (81%) received pre-
operative radiotherapy and TME surgery and only a
few received either prolonged radiotherapy (11%) or
no radiotherapy (8%). In our previous study, no
radiotherapy was given prior to conventional (non-
TME) resection of the primary tumour. This differ-
ence in treatment strategies is likely the reason for the
longer overall survival of the rectal cancer patients in
the present study. This may also explain why the
separation of the three patient groups divided by
increasing plasma TIMP-1 in the Kaplan—Meier plots
were not as distinct as in our initial report. Nevertheless,
it is noteworthy that despite the improved treatment of
the rectal cancer patients—preoperative radiation ther-
apy and TME surgery—preoperative plasma TIMP-1
was still a strong and independent marker for patient
outcome.

According to the TMUGS guidelines, the next step
would be to launch an appropriate prospective study
where the benefit of using preoperative plasma TIMP-1
values in the clinical decision-making process (with
regard to adjuvant therapy) is assessed. The study could
be designed ecither as a single, high-powered, pro-
spective, controlled study with the primary objective of
testing the marker or a similar prospective study where
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the primary goal could be the testing of a therapeutic
hypothesis and secondly the marker (LOE I and II,
respectively, in the TMUGS) [l]. Endpoints should
include overall and disease-free survival, quality of life
and cost-effectiveness.

An important remaining part of the final validation
process of plasma TIMP-1 as a marker for rectal cancer
patient survival is an external quality assurance of the
immunoassay. Such a validation should establish low
inter-laboratory variation and ensure reliable and com-
parable results across different borders. This would
require the availability of large amounts of assay
reagents produced under standardised conditions and
used according to a strict protocol.

Another interesting future study would be the
measurement of free (non-complexed) levels of TIMP-1
in preoperative plasma samples from colorectal cancer
patients with the aim of relating these values to patient
survival. As for another established tumour marker—
prostate specific antigen (PSA)—measurement of
specific sub-fractions of the molecule such as free
or complexed forms, may reveal additional clinical
information. As TIMP-1 can exist in either free
unbound form or in complex with MMPs, we have
recently reported on the development of an immu-
noassay for the quantitation of free TIMP-1 in human
plasma and described normal reference ranges in a
healthy donor population. Furthermore, we reported on
the free and total TIMP-1 levels in a smaller cohort of
colorectal cancer patients [19]. However, as those
patients were newly diagnosed, no clinical follow-up
data was available. Thus, we aim to extend our studies
of the different forms of TIMP-1 to include measure-
ments of free TIMP-1 in preoperative plasma samples
from colorectal cancer patients with evaluation of the
potential additional prognostic information.
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