
INTRODUCTION

Breast (BC) and colorectal cancer (CRC) are solid tumours
with high incidence in Latvia as well as in Europe. Despite
of screening programmes started in 2009, early detection
still is not sufficient. In the future it is likely that a com-
bined approach simultaneously using multiple markers
would be most successful in detection of early breast cancer
in asymptomatic patients (Brooks, 2008).

Well-known tumour-associated antigens CA15-3, CEA,
CA19-9, and CA72-4, which are used as serological tumour
markers for breast and colorectal cancer and usually corre-
late with tumour bulk, do not have enough sensitivity at the
time of diagnosis. Determination of growth factors in cancer
patient serum may serve as an additional biomarker to im-
prove tumour detection at an early stage.

The insulin-like growth factor system, which includes insu-
lin-like growth factors (IGF-I and IGF-II), IGF receptors

(IGF-IR and IGF-IIR) and IGF binding proteins (IGFBPs),
plays an important role in epithelial growth, anti-apoptosis,
mitogenesis and angiogenesis (Durai et al., 2005).

Over the past three decades considerable evidence has accu-
mulated indicating that IGF-I may play an important role in
maintaining and supporting progression of cancer growth
(Holly et al., 1999). The mitogenic and antiapoptotic effects
of IGF-I suggest that the main tumourigenic effect of this
growth factor is as a tumour promoter rather than carcino-
genic initiator. Neoplastic cells are more likely to develop
into carcinoma in the presence of high IGF-I levels (Jenkins
et al., 2004). It is suggested also by several prospective
studies that individuals with higher serum IGF-I levels
within the normal range have an increased risk of the most
common cancers, such as colon, breast, lung and prostate
cancer (Hankinson et al., 1998).

The growth promoting effects of IGF-I and IGF-II on can-
cer cells are mediated through the IGF-IR, which is a tyro-
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Insulin-like growth factor-1 (IGF-1) is a polypeptide hormone with structure similar to insulin. Many
experimental data support the suggestion that risk of cancer is higher among persons with raised
concentration of IGF-1 and some studies support the role of IGF-1 as a biomarker of increased
risk of development of colorectal (CRC) and breast cancer (BC). We have determined IGF-1,
CA19-9, CEA, CA72-4 for colorectal, CA15-3 and CEA for breast cancer to clarify utility of IGF-1
as a biomarker of cancer presence at the time of diagnosis. In total, 42 men and 52 women with
CRC and 139 women with BC were examined. The cut-off level for IGF-I concentration in serum
was established from results of apparently healthy 27 men and 130 women. An IGF-I and
tumour-associated antigens were detected by chemiluminescence’s method using analyser Im-
mulite 2000 (Siemens). Elevated level of IGF-1 was detected in 42.8% of men and 30.7% of
women with colorectal cancer. The highest detection rates for CRC using a two biomarker combi-
nation were for men as well as for women (57.1% and 57.6%). IGF-1 showed higher detection
rates between women with breast cancer in postmenopause vs. women at premenopausal age
(33.6% vs. 27.7%). IGF-1 can be used as an additional biomarker for selected colorectal and
breast cancer patient groups.
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sine kinase, and cancer cells with higher expression of the
IGF-IR have a strong tendency to metastasise. Most of the
IGFs in circulation are bound to the IGFBPs, which regulate
the bioavailability of the IGFs. All IGFBPs inhibit IGF ac-
tion by high affinity binding, while some of them also po-
tentiate the effects of IGFs. Colon cancer cells produce spe-
cific proteases that degrade the IGFBP so that the IGF will
be free to act on the cancer cell in an autocrine manner.
Therefore, the IGFBPs may have a crucial role in the devel-
opment of the colon cancer (Durai et al., 2005).

IGFs are involved in normal mammary gland development,
but have also been implicated in the pathogenesis of breast
cancer (Fürstenberger et al., 2003).

Circulating IGF-I was described as breast cancer risk
biomarker and elevated level of this growth factor was doc-
umented during carcinogenesis and tumour formation be-
fore clinical verification of the disease (DeLellis et al.,
2003).

The aim of the study was to determine circulating IGF-I
levels in breast and colorectal cancer patients at the time of
diagnosis prior to any treatment, simultaneously with the
well known BC serological markers CA15-3 and CEA and
CRC markers CEA, CA19-9, CA72-4, in order to clarify the
utility of circulating IGF-I as an additional biomarker of BC
and CRC.

MATERIALS AND METHODS

A total of 94 CRC and 139 BC patients with histologically
confirmed adenocarcinomas were examined at stage I – II
of the disease. The circulating level of IGF-I in serum was
determined for cancer patients at the time of diagnosis and
results were compared with circulating IGF-I in age-
matched healthy control group (27 men and 130 women)
mean levels. Tumour-associated antigens CEA, CA19-9,
Ca72-4 and CA15-3 were measured simultaneously. For ac-
cepted markers the cut-off levels of CEA < 5 ng/ml,
CA19-9 < 18 U/ml, CA72-4 < 6.9 U/ml and CA15-3 < 38
U/ml were used. As IGF-I cut-off level, mean IGF-I serum
concentration found in healthy subjects was used. For inter-
pretation of the IGF-I level in the control group, participants
were divided according to gender and women also accord-
ing to the menopausal status. In the same manner, the study
group of CRC patients was divided into men and women
subgroup and breast cancer patients — according to meno-
pausal status (Table 1).

Tumour markers as well as IGF-I were detected in patient
serum from the same sample by standard enzyme-labelled
chemiluminescent immunometric assay using a Siemens
analyser Immulite 2000 and commercial kits with corre-
sponding antibodies (Anonymous, 2002).

The study was approved by the Ethics Committee of Lat-
vian Institute of Experimental and Clinical Medicine.

RESULTS

The mean circulating level of IGF-I was 111.0 ± 35.9 ng/ml
in healthy men and 138.4 ± 34.6 ng/ml in healthy women.
The value of the growth factor in serum differed in pre- and
postmenopausal women (162.0 ± 58.3 and 122.0 ± 38.7
ng/ml, respectively). Mean concentration of IGF-I in CRC
patients was 102.61 ± 45.3 ng/ml for men and 115.47 ±
59.63 ng/ml for women. No statistically significant differ-
ence of the mean concentration of IGF-I was observed be-
tween control group and CRC patients. The premenopausal
and postmenopausal BC patient serum level of IGF-I was
144.1 ± 44.5 ng/ml and 112.0 ± 46.0 ng/ml, respectively.
The difference between BC patients and control group did
not reach statistical significance (Fig. 1).

In the first group of men with CRC prior to any treatment,
IGF-I was elevated in 18, CA19-9 in 12, CEA and CA72-4
in 9 patients of 42.

When combining markers, the highest detection rate was
achieved using a combination of CA19-9 and IGF-I. Further
attachment of a third biomarker offered insignificant im-
provement in detection rate (Fig.2a).

T a b l e 1

CHARACTERISTICS OF PATIENTS AND CONTROL

Groups Cancer site Gender Age range Menopausal
status

n

1 CRC male 45–76 – 42

2 CRC female 38–74 na 52

3 BC female 48–72 postmen 113

4 BC female 34–53 premen 36

control 1 – male 38–74 – 27

control 2 – female 31–69 na 130

control 3 – female 47–69 postmen 82

control 4 – female 31–52 premen 48

na, not available
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Fig. 1. Mean serum concentration of IGF I in patients and control.
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In bivariate correlation analysis, the Spearman’s test show-
ed a correlation between IGF-1 and CA19-9 (correlation co-
efficient 0.439; P < 0.01). Among women with CRC (group
2), IGF-I was elevated in 16 (30.7%), CA19-9 in 12
(23.0%), CEA in 10 (19.2%) and CA72-4 in 19 (36.5%) pa-
tients of a total of 52 patients before any treatment.

Biomarker concentrations in the second group showed supe-
rior detection rates using IGF-I and CA 19-9, adding also
CA72-4, with 30 detected CRC and with 32 detected CRC
patients from 52 cases (Fig. 2b)

Spearman’s bivariate correlation analysis detected a statisti-
cal significance correlation between CA72-4 and CA19-9
(correlation coefficient 0.287; P < 0.05).

Comparing the detection rates of IGF-1 between the first
and second study group, the difference was not significant,
but the IGF-1 detection rates were higher among men, 18
from 42 vs. 16 of 52 (Chi-square, Yates corrected value
0.99; P = 0.318). No significant difference was found also
for the combination of CA19-9 and IGF-1: 24 of 42 vs. 30
of 52, respectively (Chi-square, Yates corrected value 0.02;
P = 0.875).

In postmenopausal BC patients (group 3) IGF-I was ele-
vated above the cut-off level in 33.6%, CEA in 19.4% and

CA15-3 in 28.3%. When IGF-I was combined with CA15-3
detection rates increased by an additional 20 detected breast
cancer cases and addition of CEA improved detection rates
up to 69 of 113 patients (Fig. 2c). However, no significant
correlations were found in the group of postmenopausal BC
patients.

Premenopausal BC patients (group 4) IGF-I showed the
highest detection rate of the three biomarkers: elevated in
10 of 36 (27.7%) BC patients. A CEA value above the
cut-off level was detected in 3 (8.3%) and CA15-3 in 7
(19.4%) cases in this group.

The highest detection rates for combination of biomarkers
were shown by IGF-I in combination with CA15-3. Addi-
tion of a third marker did not improve the BC detection rate
(Fig. 2d).

In the premenopausal age group there was an observed sig-
nificant correlation between IGF-1 and CEA (Pearson’s cor-
relation 0.564, P < 0.001), IGF-1 and CA15-3 (Pearson’s
correlation 0.552, P < 0.001). Comparing marker levels in
menopause and premenopause, a significant correlation was
shown only for IGF-1 (Pearson’s correlation 0.919, P <
0.001).
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DISCUSSION

A review of various studies concludes that the well known
serological tumour marker CEA as well as CA19-9, CA72-4
for CRC and CA15-3 for BC alone are with negligible diag-
nostic value for detection of cancer lesions especially at the
early stages (Delarue et al., 1988; Duffey, 2001; Chen et al.,
2005; Tan et al., 2009).

Schiemann et al. (2005) reported that 34% of patients with
sporadic CRC showed elevated CEA levels higher than 5
ng/ml at the time of diagnosis for all stages. Our data
showed that in only 21.4% of men with CRC and in 19.2%
of women with CRC a CEA value was found above the
cut-off level, which confirms insufficient sensitivity of the
mentioned markers for early detection.

Similar observations have been made for the carbohydrate
antigen CA19-9, which showed lack of sensitivity as diag-
nostic marker for CRC (Carpelan-Holmström et al., 2002;
Chen et al., 2005). Our data support this suggestion. Tu-
mour-associated antigen CA72-4 estimated in our study for
CRC patients was used as gastric and mucinous ovarian
cancer marker. In patients with CRC, an elevated level of
CA72-4 from 25% to 36% was observed (Carpelan-Holm-
ström et al., 2002). No other studies have suggested an ele-
vated level of CA72-4 in CRC according to gender. The
most observed elevated level of CA72-4 in women with
CRC in our study may be explained by the effect of steroids
on metabolism of tumour-associated antigen.

The results regarding cancer detection in both BC patient
groups were less informative when traditional serum mark-
ers were determined. This is supported by some studies of
serum tumour markers in premenopausal women for diag-
nostic purposes. During the last two decades, with the same
aim to improve diagnostic sensitivity for cancer detection
various tumour marker panels have been designed. A com-
bination of two to four different serum markers reflecting
the tumour mass have shown some advantage (Delarue et

al., 1988; Fernandes et al., 2005).

Additional detection of growth factors seems to be promis-
ing (Dbouk et al., 2007). Circulating concentration of
IGF-I, which might be associated with an increased risk of
cancer including BC and CRC, was measured as cancer risk
biomarker (Johansson et al., 2004; Renehan et al., 2004;
Morimoto, 2005) and some studies report significantly
higher levels of IGF-I in blood of CRC patients compared
to the controls (Kaczka et al., 2007; Tripkovic et al., 2007).

In our study, measurement of circulating IGF-I was per-
formed only at the time of diagnosis and we have no infor-
mation about IGF-I levels in patient serum before illness.
However, when cancer was confirmed, 34% of postmeno-
pausal BC women had elevated IGF-I levels in serum ac-
cording to the accepted cut-off level. This might be influ-
enced by circulating steroid levels, interaction between
gonadotrophic hormones, IGFPs, and IGF-I in postmeno-
pausal women. There is evidence that the most frequent ele-

vation of IGF-I in men with CRC can be explained by host
tumour interactions and biology of colorectal adenocarci-
noma (Morimoto, 2005).

Elevated serum IGF-I levels in cancer patients may simply
be a surrogate measure of some different processes in com-
plicated interactions during carcinogenesis and cancer de-
velopment and progression (Jenkins et al., 2004). IGF-I lev-
els may be elevated in the absence of cancer, and in more
cases than not of circulating IGF-I levels did not reflect
presence of a malignant tumour, unfortunately like a major-
ity of serological biomarkers.

Our data suggest that detection of the circulating IGF-I
alone could not be recommended for detection of BC in pre-
and postmenopausal women as well in men and women
with CRC.

Improvement of the detection rate using combinations of
growth factor IGF-I and markers of tumour bulk was ob-
served in all examined groups especially in postmenopausal
BC patients and men with CRC. This data indicates that the
addition of markers reflecting cancer cell biology and host
response to the tumour could be useful as additional bio-
markers for understanding tumour biology, tumour – host
interactions and individualisation of the biomarker panel for
each patient.
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INSULÎNAM LÎDZÎGÂ AUGÐANAS FAKTORA I (IGF-I) UN KONVENCIONÂLO BIOMARÍIERU SALÎDZINOÐA ANALÎZE
PACIENTIEM AR AUDZÇJIEM DIAGNOZES NOTEIKÐANAS BRÎDÎ

Atseviðíos pçtîjumos pacientiem ar ïaundabîgiem audzçjiem ir konstatçta paaugstinâta insulînam lîdzîgâ augðanas faktora I koncentrâcija.
Daþos pçtîjumos insulînam lîdzîgais augðanas faktors I ir pierâdîts kâ riska biomaríieris kolorektâlâ un krûts vçþa gadîjumâ. Mçs savâ
pçtîjumâ noteicâm IGF-1, CA19-9, CEA un CA72-4 kolorektâlâ, CA15-3 un CEA krûts vçþa gadîjumâ ar mçríi noskaidrot IGF-I lietderîbu
audzçju diagnostikâ. Tika izanalizçtas 42 sievietes un 52 vîrieði ar kolorektâlo vçzi un 139 sievietes ar krûts vçzi. Vidçjâ IGF-I
koncentrâcija tika aprçíinâta, kontroles grupâ iekïaujot uz izmeklçjuma brîdi veselus 27 vîrieðus un 130 sievietes. IGF-I un ar audzçju
saistîtie biomaríieri tika noteikti ar hemiluminiscences metodi, izmantojot Immulite 2000 analizatoru. Paaugstinâts IGF-1 lîmenis tika
konstatçts 42,8% vîrieðiem un 30,7 % sievietçm ar kolorektâlo vçzi. Izmantojot divu biomaríieru kombinâciju, kolorektâlo vçþu
diagnostikas râdîtâji bija augstâki gan vîrieðiem, gan sievietçm (57,1% un 57,6%). Starp krûts vçþa pacientçm augstâka IGF-1 diagnostiskâ
vçrtîba bija sievietçm menopauzç salîdzinâjumâ ar sievietçm premenopauzç (33,6% pret 27,7%). Insulînam lîdzîgais augðanas faktors I var
tikt izmantots kâ papildus biomaríieris kolorektâlâ un krûts vçþa diagnostikâ atseviðíâm pacientu grupâm.
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