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Summary This study explored the relationships of serum insulin-like growth factors, IGF-I and IGF-II, and their binding proteins (IGFBP)-2
and IGFBP-3, with key clinicopathological parameters in 92 patients with colorectal cancer (cases). Comparisons were made with 57
individuals who had a normal colonoscopy (controls). Serial changes were examined in 27 cases. As IGF-related peptides are age- and sex-
dependent, absolute concentrations were converted to standard deviation scores (SDS). Mean IGF-Il SDS were elevated in Dukes A (n =12,
P < 0.001) and Dukes B (n = 25, P < 0.001) cases compared with controls, but not in advanced disease. Compared with controls, mean
IGFBP-2 SDS were significantly elevated in patients with Dukes B (P < 0.001), Dukes C (n = 13, P < 0.001) and advanced disease (n = 42,
P < 0.0001), with a significant trend from early to advanced disease (one-way ANOVA, P < 0.001). Furthermore, IGFBP-2 SDS were
positively related to tumour size (P = 0.01) and fell significantly in patients following curative resection (P = 0.04), suggesting that circulating
levels reflect tumour load. We tested the potential tumour marker characteristics of IGFBP-2 SDS against three endpoints: metastasis alone;
local pelvic recurrence alone; and metastasis and recurrence combined. The sensitivities for IGFBP-2 alone (= + 2SD) were modest at 55%,
46%, and 52%, but in combination with CEA, increased substantially to 90%, 77% and 86%, respectively. We conclude that the serum IGF-II
and IGFBP-2 profiles may provide insights into underlying biological mechanisms, and that serum IGFBP-2 may have an adjunct role in
cancer surveillance in patients with colorectal cancer. © 2000 Cancer Research Campaign
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Insulin-like growth factor-1 (IGF-1) and Il (IGF-Il) are regulatory further modulated by local levels of IGFBPs (Jones and
peptides with a number of biological functions including cell Clemmons, 1995), indicating a potential complexity of regulatory
proliferation, differentiation and anti-apoptosis (Jones andnechanisms. Therefore, the measurement of circulating IGFs and
Clemmons, 1995; Le Roith, 1997). In the circulation, over 95% otheir binding proteins in patients with cancer may not only reflect
IGF-I and IGF-Il is bound to six high-affinity binding proteins tumour presence but also provide insight into IGF-IGFBP
(IGFBPs) (Rajaram et al, 1997). The major binding protein isnter-relationships at a cellular level.
IGFBP-3 which binds the IGF ligands forming a 150-kDa ternary We have previously reported that serum IGF-II levels are signif-
complex with ALS (acid labile subunit). IGFBP-2 is the secondicantly elevated in healthy individuals (aged 55-64 years) with
most abundant IGF binding protein, binding IGF-11 with a greateradenomas, known precursors of malignancy, found at screening
affinity (four-fold) than IGF-I (Clemmons, 1997). Most circu- flexible sigmoidoscopy (Renehan et al, 2@00~urthermore, in
lating IGF-I and IGF-Il is synthesized in the liver but other tissuesthe same study, elevated serum IGFBP-2 levels were found in
including epithelial cells, may also contribute (Rajaram et althose individuals with large adenomasl(cm), and both IGF-II
1997). Increased expression of IGF ligands and binding proteinsnd IGFBP-2 values normalized after adenoma removal, impli-
has been recognized in a variety of human tumours (Macaulagating these peptides as potential tumour markers. In the present
1992), and consequently the contribution to the circulation of thesstudy, we have extended this work to examine the relationship
peptides from a site other than that from normal hepatic synthesietween serum IGF-Il and IGFBP-2 in patients with colorectal
may become significant in neoplastic processes. cancer compared with a control population of individuals with

In colorectal cancer, increased expression of IGF-Il and IGFBPrormal colonoscopic findings. The relationship between serum
2 mRNA has been noted in a number of colonic cancer linefGF-l and IGFBP-3 and colorectal cancer was also investigated as
(Tricoli et al, 1986; Lambert et al, 1992; Singh et al, 1996) andhere is evidence that circulating IGF-I is positively and IGFBP-3
also, more recently, in human colonic adenocarcinomas (Mishra @tversely, and independently, associated with cancer risk for
al, 1997; Freier et al, 1999). IGF-I and IGF-II act via the IGF-Iprostate (Chan et al, 1998), breast (Hankinson et al, 1998) and
receptor, which is functionally expressed by human colon cancearolorectal cancer (Ma et al, 1999).
lines (Lahm et al, 1994; Adenis et al, 1995). IGF activity may be
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Table 1 Clinicopathological characteristics resonance (MR) scanning. Pelvic recurrence was confirmed by a
combination of CT or MR scanning and examination under

';;'T%y) Rfrciu:"fg; anaesthesia with biopsy for histological diagnosis.
I\S/I:)?lan age (years) 68 (range 25-93) 58 (range 43-78) Assays

Male 41(52) 7 IGF-I1 was measured, following acid—alcohol extraction, by an

Female 38 (48) 6 . .. . .
Staging established radioimmunoassay (RIA) using a polyclonal rabbit

Dukes’ A 12 (15) antiserum (R557A) raised against purified human IGF-I (Taylor

Dukes’ B 25(32) et al, 1990; Toogood et al, 1998). Serum IGF-1l was determined

Dukes’ C 13(16) using a commercially available immunoradiometric assay (IRMA)

A et metastasis (Dukes Dy 29 (37) kit (DSL, Webster, Texas, USA). IGFBP-2 and IGFBP-3 were

local pelvic recurrences 13 measured using an RIA and IRMA, respectively (DSL). All
Nutritional status samples were determined blind to cancer status and stage, an

Well-nourished 54 (68) 10 were assayed in triplicate. The inter-assay coefficients of variation

Malnourished 25(32) 3 (CV) at low, medium and high analyte levels were less than 10%
Degree of differention® L. .

Well 10 (20) for all four assays, with intra-assay CVs less than 5%. The sensi-

Moderate 37 (74) tivities for IGF-1, IGF-1l, IGFBP-2, and IGFBP-3, were [ug I,

Poor 3 (6) 15ug %, 5pg Frand 0.5 mg+, respectively. Carcinoembryonic
Values in parentheses are ranges and percentages; 2All patients with distant antigen (CEA) was measured using a two-site (sandwich)
metastases had hepatic lesions, in addition, three patients had pulmonary chemilumuninescence system (Chiron Diagnostics, Halstead,
and four had intra-abdominal lesions. "Tumour differentiation quoted for the UK). The threshold definition for an elevated CEA level was 5 ng

50 patients undergoing primary definitive resection mi-% with an analytical Sensitivity of 0.5 ng i

cancer at the time of presentation. The clinicopathological chara
teristics of these patients are shown in Table 1. Patients were ca
gorized into two clinical groups: 50 patients with Dukes A, B or CAs IGF ligands and binding proteins are age- and sex-dependen
tumours who underwent a definitive surgical resection; and 42ZRajaram et al, 1997), absolute concentrations were converted tg
patients with advanced disease characterized by distant metastasesdard deviation scores (SDS) (SD = X)/SD: x = measured

at presentation i.e. ‘Dukes Dn € 29), or local pelvic recurrence value,X = mean of normal values for age and sex of an individual,
(n = 13). Additional serum samples were obtained in 27 patientsSD = standard deviation). Normal reference means and standarc
6-8 weeks following definitive surgery in 15 patients, and atdeviations were generated from an in-house dataset of 295 healthy
variable times (median 5 weeks) during tumour progression in mdividuals using the above assays (see Appendix for details).
further 12 patients. As nutritional status is known to influenceDifferences in mean SDS were compared using Students t-test for
circulatory levels of the IGFs and their binding proteins (Thisserindependent means, paired t-tests, and one-way ANOVA as appro-
et al, 1994), cancer patients were also categorized by nutritiongkiate. Correlations were described by Pearsons coeffigignt (
status using the following criteria. Malnutrition was defined whenTests were two-sided andPavalue less than 0.05 was considered
at least two of the following were present in an individual patientto indicate statistical significance using SPSS 9.0 (Superior
malnourished by global subjective assessment; body mass ind@erforming Software Systems, Chicago, USA) for computations.
less than 20 kg i} mean arm circumference < 27 cm in males or

< 26cm in females; or albumin < 33 mg [modified from
Hammerlid et al, 1998). The control group comprised serurr!:‘Esm'Ts
samples obtained from 57 individuals (median age = 60 (rangge_,. , ..

29-87) years, 20 males, 37 females) with normal colonoscop?ixahdat'on of controls

findings and no history of previous colorectal neoplasia. The studior the 57 individuals with a normal colonoscopy, IGFBP-3 was
was approved by the Local Ethics Committee for Southsignificantly correlated with IGF-Ir(= 0.38,P = 0.005) and IGF-
Manchester Health Authorities. Il (r = 0.85,P < 0.001), similar to correlations seen in the normal
reference data (see Appendix). The absolute concentrations for
serum IGF-I, IGF-Il, IGFBP-2 and IGFBP-3 in the 57 controls fell
within the 90% predictive intervals as defined by the age—sex
Tumour stage was determined both clinically and on pathologicakgression equations for normals in 96%, 100%, 98%, and 95% of
evaluation. Surgically resected specimens were staged in accaralues, respectively.

dance with Dukes classification (Turnbull et al, 1967) and graded
by the degree of differentiation (well, moderate, poor) in accor-
dance with the WHO classification (Jass and Sobin, 1989). Fo(l:
primary tumours treated by curative resection, size was th@/hen examined for all 92 patients with colorectal cancer, mean
maximum tumour diameter and the site was classified as righGF-Il SDS were marginally elevated compared with normal
colon (proximal to splenic flexure), left colon (splenic flexure colonoscopy controls (meanSEM = 0.46+ 0.18 vs 0.0 0.09,

to rectosigmoid junction) and rectum. The presence and exte= 0.06). There was no significant trend in IGF-1I SDS across the
of advanced disease (all had at least hepatic metastases) waskes stages (one-way ANOVA) but when analysed separately,
determined using computerized tomographic (CT) or magnetiecnean SDS were significantly elevated in Dukes A (14334,

_t_atistical analysis

Clinicopathological parameters

ases vs controls
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A IGE Il ek *k Table 2 IGF-I, IGF-Il, IGFBP-2, and IGFBP-3 by nutritional status and
disease status
54 .
4 A . ¢ SD scores (mean + SEM)
3 . % . oo
3 . b3 Well-nourished ~ Malnourished 2 Pvalue®
2 4 . .ﬁ .
000 — = o’ . .
9_"3 1 4 °°§ooc . = a* ﬁ.s. Number of patlents'
g 04 —ﬁg@éﬁ— .tﬁ . —_ g:- IGI<—:;a|rly/advanced disease 41/23 9/19 -
°°°°°°oo . @ -
9) -1 4 °°220° ¢ A .‘3 fg:? early (Dukes A, B, C) 0.31+0.20 —0.66 + 0.22 0.03
24 ° . . AAA advanced disease -0.23+£0.29 -1.00+0.29 0.04
Az IGF-II
-3 early (Dukes A, B, C) 1.12+£0.23 0.11£0.35 0.06
4 - A advanced disease 0.52 +0.36 —0.86 + 0.40 0.01
i IGFBP-2
-5 n=57 12 25 13 42 early (Dukes A, B, C) 0.96 +0.14 0.79 +0.28 n.s.
Controls A B Ie advanced advanced disease 1.62 +£0.22 2.21+0.22 0.07
Dukes stage IGFBP-3
9 early (Dukes A, B, C) 1.36+0.29 077+041  ns.
advanced disease 0.99 +0.35 -0.20 + 0.54 0.06
B ICFBP-2 sk k% *kk
51 aSee ‘Patients and Methods’ for criteria defining cancer-related malnutrition;
4 4 . bStudent t-tests for independent means; n.s. = not significant
3
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Figure 1  IGF-1l SDS (A) and IGFBP-2 SDS (B) shown for controls (normal n=15 n=12
colonoscopy) and stages in cancer patients (cases). Advanced disease ok —_— —_—
include metastatic disease and local pelvic recurrences. Well-nourished Pre-op Post-op Time 1 Time 2

cancer patients denoted e ; malnourished cancer patients A. Horizontal lines
denote mean SDS for all patients in each subgroup; *P < 0.001 compared

with baseline controls; **P < 0.0001 compared with baseline controls Figure 2 Serial changes in serum IGFBP-2 concentrations in 15 patients

undergoing curative resection and 12 patients with persistent disease. None
of the 15 patients who had curative resection and a repeat blood sample was
malnourished pre-surgery. Patients x, y and z received chemotherapy
between time 1 and 2 with partial tumour response. Patient w had a rectal
tumour debulked with argon ablation between time 1 and 2

P < 0.001) and Dukes B (0.980.29,P < 0.001) patient groups advanced disease in whom malnutrition was prevalent (see below)
(Figure 1A). A number of patients with Dukes C and advanced—0.59+ 0.18 vs 0.1% 0.12,P = 0.001).
disease had greatly elevated IGF-Il SDS but overall, the means
were not raised. On the other hand, mean IGFBP-2 SDS WSt ot of nutritional status
significantly raised in the total cancer patient group compared with
controls (1.37¢ 0.12 vs 0.1& 0.10,P < 0.0001). When consid- Malnutrition was present in six of 34 (18%) Dukes B patients,
ered by stage of disease, there was a significant trend towatlree of 13 (23%) Dukes C patients, and 19 of 42 (45%) patients
increasing IGFBP-2 SDS from early to advanced disease (one-wayith advanced disease. For all malnourished cancer patients, mean
ANOVA, P < 0.0001), with significantly elevated means in DukesSDS were significantly reduced for IGF-I (malnourished vs
B (1.03+ 0.15,P < 0.001), Dukes C (1.180.22,P < 0.001) and  controls =—-0.8% 0.22 vs 0.1% 0.15,P < 0.001), IGF-II (-0.4&
advanced disease (1.89 0.16, P < 0.0001) compared with 0.32 vs 1.04t 0.20,P < 0.001), and IGFBP-3 (0.06 0.42 vs
controls (Figure 1B). 1.26+ 0.23,P = 0.04), but elevated for IGFBP-2 (1.68.22 vs

For all cases, there were no differences either in mean IGF4.16+ 0.13,P =0.04). SDS values by nutritional status and disease
SDS compared with controls (-0.49.13 vs 0.120.12,P=0.2)  status are shown in Table 2.
or mean IGFBP-3 SDS and controls (0488.20 vs 0.56t 0.14, When the analysis was limited to well-nourished individuals,
P = 0.6). When analysed by stage, there were no differences matterns of mean IGF-1l and IGFBP-2 SDS for cases and controls
mean IGF-I and IGFBP-3 SDS vs controls, with the exceptionwere similar to the overall cohort. Of interest, however, after
that mean IGF-I SDS was significantly reduced in patients withexclusion of malnutrition, mean IGF-Il SDS were more
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Table 3 IGF-Il and IGFBP-2 SD scores and various clinicopathological factors®

SD scores (mean + SEM)

IGF-II P value IGFBP-2 Pvalue®

Tumour size®

<3.5cm (n=16) 1.42+0.41 0.44 +0.23

3.5-5.5¢cm (n=18) 1.08 +0.38 0.87 £0.15

>5.5cm (n=16) 0.56 £ 0.39 P=ns 1.33+0.22 P=0.01
Differentiation

Well (n=11) 1.34+0.23 0.79+0.21

Moderate/poor (n = 37/2) 0.98 £0.25 P=ns 0.85+0.14 P=ns
Nodal status

No (n=37) 1.09 £0.24 0.80+£0.14

Yes (n=13) 0.96 + 0.44 P=n.s 0.93+0.19 P=n.s
Site distribution?

Right colon (n=9) 1.13+0.48 0.85+0.22

Left colon (n = 15) 1.22 £0.32 0.79 £0.27

Rectum (n = 26) 0.94 +0.32 P=n.s. 0.87 +0.15 P=n.s.

2Based on the 50 patients undergoing primary definitive resection; *Student t-tests for independent means and one-way ANOVA,
n.s. = not significant; °Tertiles of tumour diameter; “Right colon = proximal to splenic flexure; left colon = splenic flexure to

rectosigmoid junction

5 9 M !
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4 - ]
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KLY P <0.001
37 e 1o o’ 95% Cl = 0.32-0.64
1) o ® . .
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Figure 3  Correlation between serum IGFBP-2 (SDS) and CEA
concentrations (log,, transformed). Cut-off points for CEA (5 ng mi~ or
log,,[CEA] = 0.7) and IGFBP-2 (+2 SDS) shown as dotted lines. Of 26
patients with elevated IGFBP-2 SDS), seven had advanced disease but
normal CEA values (quadrant marked M)

significantly elevated in patients with Dukes B (1.180.34,

Table 4 Tumour marker characteristics of CEA and IGFBP-2

Sensitivity ~ Specificity PPV 2 NPW®

Metastases alone (n = 29)

CEA (= 5 pg mi?) 79% 72% 62%  86%

IGFBP-2 (= + 2SD) 55% 92% 80% 78%

CEA and/or IGFBP-2 90% 68% 62%  92%
Local pelvic recurrence alone (n = 13)

CEA (= 5 pg mi) 62% 71% 36%  88%

IGFBP-2 (= + 2SD) 46% 96% 75%  87%

CEA and/or IGFBP-2 7% 69% 40% 92%
Combined metastases and recurrences (n = 42)

CEA (= 5 pg mi?) 72% 74% 69%  77%

IGFBP-2 (= + 2SD) 52% 92% 85% 70%

CEA and/or IGFBP-2 86% 68% 69%  85%

3PPV = positive predictive value; "NPV = negative predictive value.

Serial IGF-Il and IGFBP-2 levels

We analysed serum IGF-Il and IGFBP-2 values in 27 cancer
patients before and after, or during treatments. In 15 patients
undergoing curative resection for Dukes A, B and C tumours, there

P < 0.001), and also significantly elevated in Dukes C patientdV@S & significant reduction in mean IGFBP-2 6-8 weeks following
(0.632 0.56, wide variance? = 0.05) compared with colonoscopy Curative resection (meanSEM = 1011+ 88 vs 860t 659 I,

controls.

Relationship of IGF-1l and IGFBP-2 and pathological
characteristics

paired t-testP = 0.04), but no differences in mean IGF-II values.
In a further 12 patients with persistent or progressive cancer,
follow-up samples demonstrated elevated IGFBP-2 levels in eight
(Figure 2).

As both serum IGF-Il and IGFBP-2 levels were elevated in cancefymour marker characteristics of IGEBP-2

cases, we explored their relationships with a number of clinico- ) o

pathological characteristics among the 50 patients who underweM{€ tested the potential tumour marker characteristics of IGFBP-2
definitive surgical resection for Dukes A, B and C tumours (Table 3)SDS taking an arbitrary cut-off for elevated IGFBP-2 &2 SDS.
There were no associations between IGF-Il SDS and tumour sizE3FBP-2 SDS were therefore elevgted in 26 (28%) cases while
differentiation, nodal status, and anatomic site, although there w£§™Um CEA was elevated § ng mt) in 42 (46%). IGFBP-2 SDS

a tendency for higher IGF-Il SDS in small cancers compared withVere significantly correlated with CEA € 0.49,P < 0.001), but
larger cancers. In contrast, IGFBP-2 SDS increased witlf the 26 patients with elevated IGFBP-2 SDS, seven had
increasing tumour sizeP(= 0.01), but similar to IGF-Il showed advanced disease without elevated CEA values, suggesting tha

no associations with degree of differentiation, nodal status ofGFBP-2 SDS may have independent predictive qualities
anatomic site.

© 2000 Cancer Research Campaign
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specificities, positive and negative predictive values for IGFBP-2 The finding of raised serum IGFBP-2 in colorectal cancer
SDS alone, CEA alone, and both together, against three mapatients is in accordance with other reports describing elevated
endpoints: metastasis alone; local recurrence alone; and metastd§$§BP-2 levels in various malignancies including lung (Reeve
and recurrence combined (Table 4). By itself, the sensitivities foet al, 1990), ovary (Kanety et al, 1996), prostate (Cohen et al,
IGFBP-2 SDS were modest at 55%, 46% and 52%, respectivel§993; Ho and Baxter, 1997), Wilm’s tumour (Zumkeller et al,
In combination with CEA, however, the sensitivities for the 1993) and childhood leukaemia (Muller et al, 1994; Mohnike et al,
three endpoints increased substantially to 90%, 77%, and 86%996; Wex et al, 1998). In the absence of a clearly understood
respectively. physiological role for IGFBP-2, these collective observations
suggest that this binding protein may have a special role in malig-
nancy. At a tissue level, through sequestration of ligand from its
DISCUSSION receptor, the effect of IGFBP-2 on the mitogenic action of IGF-I
This study has focused on the relationships of serum IGF-Il andnd IGF-Il is generally considered inhibitory (Jones and
IGFBP-2 with colorectal cancer, and found that age—sex adjustedlemmons, 1995), and this has been shown to be the case in some
IGF-II values are significantly raised in patients with early cancersGF-responsive colonic carcinoma cell lines (Hoeflich et al, 1998).
but seemingly not in advanced disease, and age—sex adjustddwever, Hoeflich and colleagues (2000) have also reported a
IGFBP-2 values increased significantly from early to advancedtimulatory effect of IGFBP-2 via IGF-I receptor-independent
disease, and on average, were two standard deviations greater tma@chanisms in adenocortical tumour cells, and whether these
controls in patients with metastatic and recurrent disease. Age—spathways exist in colonic cancers is not yet known.
adjusted IGFBP-2 was also associated with tumour size and fell An alternative and attractive hypothesis for the role of increased
significantly in patients following curative tumour resection, IGFBP-2 in malignancy is that it serves as a storage pool for IGF-
suggesting that the circulating IGFBP-2 levels reflect tumour loadll (which binds with greater affinity than IGF-I) in the microenvi-
The sensitivities of serum IGFBP-2 alone as a marker of distambnment of tumour cells. It has recently been recognized that an
metastasis and/or recurrence were modest but increased substiBF-1I/IGFBP-2 complex may partly bind to the extracellular
tially in combination with carcinoembryonic antigen (CEA). There matrix (ECM) (Arai et al, 1996) from where IGF-1l may be liber-
were no associations between serum IGF-I and IGFBP-3, amated by proteolysis. A serine protease capable of degrading
the presence of cancer, but all four IGF-related peptides wen&FBP-2 has been described, which leads to a reduction of the IGF
significantly influenced by nutritional status. binding capacity and liberation of its ligands into the pericellular
Two small studies, from the same institute, have previoushenvironment (Gockerman and Clemmons, 1995). Based on this
reported elevated IGF-Il and IGFBP-2 levels in patients withhypothetical model, the increased IGFBP-2 in the circulation may
colorectal cancer measured semi-quantitively from immunoblotprovide a reservoir for ECM-bound IGF/IGFBP-2 complexes in
(el Atig et al, 1994; Baciuchka et al, 1998). In the present studythe vicinity of tumour cells, and thus the presence of elevated
the use of radioimmunoassays and immunoradiometric assag#rculating IGFBP-2 could enhance tumour growth and progression.
afforded us the opportunity to investigate a large number of cases We explored the characteristics of serum IGFBP-2 as a potential
and controls, make adjustments for predicted age-and sex-relatetmour marker and its relationship with serum CEA. The sensi-
changes, and undertake subanalyses to evaluate the influencegiaity of 72% for CEA detecting both distant metastases and recur-
different clinicopathological factors, nutritional status and treat+ences combined is similar to values (66—-85%) found in other
ment. Furthermore, the current study design carefully chose indstudies (Wang et al, 1994; Wolf and Cohen 1997). Consistent with
viduals with normal colonoscopic findings as controls, as serunother studies (Moertel et al, 1993), we also found that the sensit-
IGF-1l and IGFBP-2 levels may be elevated even in the presendeity of CEA to detect local pelvic recurrences was lower relative
of occult benign colorectal tumours (Renehan et al, 000 to its ability to detect distant metastases. Using a cut-off of +2
The increase in serum IGF-11 observed in patients with Dukes /DS, the sensitivities of IGFBP-2 alone for the detection of distant
and B colorectal cancers extends our observations that serum |IGifetastases and/or recurrences were modest but increased substan-
Il is significantly raised in individuals with colorectal adenomastially when combined with CEA. This suggests a potential role for
(Renehan et al, 208 At first glance, the lack of an IGF-Il IGFBP-2 as an adjunct to CEA in monitoring patients with
increase in patients with more advanced disease appears paradoalorectal cancer. At a time when there is increasing evidence
ical. The paradox remained even after adjustment for nutritionahat intensive surveillance with early detection of recurrent and
status (malnutrition was prevalent among patients with morenetastatic disease offers opportunities to improve survival
advanced disease and is a negative regulator of IGF-Il) an@Renehan and O’Dwyer, 2000), prospective studies are now
suggests that there may be a down-regulation or post-transcripequired to assess the benefits of serial IGFBP-2 monitoring (with
tional modification of IGF-II peptide expression with advancing CEA) in patients who have undergone curative treatment for
disease. Consistent with the latter hypothesis, IGF-Il immunohiseolorectal cancer.
tochemical expression is absent in normal colonic epithelium, Whereas the characteristics of serum IGF-1l and IGFBP-2 are
almost universally positive in adenomas (Renehan et al,a2000 best described as tumour markers, the characteristics of serum
but present in only half of adenocarcinomas examined with highGF-I and IGFBP-3 are best described as predictive for cancer risk.
positivity scores limited to well differentiated cancers (observaA number of recent epidemiological studies have demonstrated
tions from our laboratory). The relevance of raised serum IGF-Il imssociations between circulating IGF-1 and IGFBP-3 levels and
unknown, but as IGF-11 is both mitogenic and anti-apoptotic, it iscancer risk in various malignancies (Chan et al, 1998; Hankinson
generally perceived to be a factor favouring tumour progressiost al, 1998; Ma et al, 1999). Specifically for colorectal cancer, Ma
(Macaulay, 1992). In support of this view, Kawamoto et al (1998)and colleagues (1999) have reported that high—normal range IGF-I
have observed that IGF-II immunopositivity predicts for poorvalues and low—normal range IGFBP-3 values predict for sub-
prognosis in colorectal cancers. sequent cancer development. We have recently shown that the
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same profile (high IGF-l/low IGFBP-3) predicts for ‘high-risk’ Ho PJ and Baxter RC (1997) Insulin-like growth factor-binding protein-2 in patients
adenomas (Renehan et al, 2008ut the current study was not with prostate carcinoma and benign prostatic hyperpl@$imEndocrinol

specifically designed to assess cancer risk, as confounding factqr; (Oxh) 46: 335-342
p y 9 ! g Q-|§eflich A, Lahm H, Blum W, Kolb H and Wolf E (1998) Insulin-like growth factor-

such as alterEd_ nutritional status were expected (and subsequently pinging protein-2 inhibits proliferation of human embryonic kidney fibroblasts
demonstrated) in our cohort. For these reasons, we caution against and of IGF-responsive colon carcinoma cell lifeSBS Let#34 329-334
drawing conclusions about the relationships of serum IGF-I, IGFHoeflich A, Fettscher O, Lahm H, Kolb H, Wolf E, Engelhardt D and Weber MM

Il and IGFBP-3 and colorectal cancer risk from studies using (2000) Overexpression of insulin-like growth factor-binding protein-2 results in
increased tumorogenic potential in Y-1 adrenocortical tumor €discer Res

cross-sectional designs (Manousus et al, 1999). 60 834-838

This study, together with our previous observations in individ-jass JrR and Sobin LH (1989istological typing of intestinal tumors, 2nd edn
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