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ABSTRACT
Objectives. To determine changes of insulin-like growth factor I (IGF-I), IGF binding protein-2 (IGFBP-2), and
IGFBP-3 levels in serial postoperative serum samples from prostate cancer patients with and without relapse
and to evaluate the prognostic value of these molecules in the recurrence of prostate cancer.
Methods. From a group of patients with prostate cancer who had been followed for disease recurrence for
almost 5 years after radical prostatectomy, we selected 38 patients (cases) who developed recurrent disease
and 40 patients (controls) who were in remission. Of these patients, 70 had 4 and 8 had 3 serial postop-
erative serum samples collected. The median times for serum collection after surgery were 1.5 years for the
first serial samples, 2.6 years for the second, 3.5 years for the third, and 4.5 years for the fourth. Serum
levels of IGFBP-2, IGFBP-3, and IGF-I were measured, using commercial immunoassay kits.
Results. The study showed lower serum levels of IGFBP-2 and IGFBP-3 in the cases than in controls
(P ,0.05) but no difference in IGF-I levels between the two groups (P 5 0.277). In the sequential samples,
IGFBP-2 levels increased over time in the controls (P 5 0.014) but did not change in the cases (P 5 0.528).
There were no increasing or decreasing trends for IGF-I and IGFBP-3 in either case or control group
(P .0.05).
Conclusions. The study suggests that IGFBP-2 may play a role in the progression of prostate cancer, but
serum levels of IGFBP-2 as well as IGF-I and IGFBP-3 have no predictive values in the prognosis of prostate
cancer. UROLOGY 57: 471–475, 2001. © 2001, Elsevier Science Inc.

Insulin-like growth factors (IGFs), including
IGF-I and IGF-II, are mitogenic peptides in-

volved in regulation of cell proliferation, differen-
tiation, and apoptosis.1 Studies2,3 have shown that
IGFs are potent mitogens for a variety of cancer
cells, including prostate cancer. They not only
stimulate cancer cell growth, but IGFs also sup-

press programmed cell death.4 The mitogenic and
anti-apoptotic actions of IGFs are mediated by a
specific cell membrane receptor, IGF-I receptor
(IGF-IR).5 The receptor has tyrosine kinase activ-
ity, and binding of IGFs to the receptor activates
the kinase that triggers signal transduction path-
ways, involving mitogen-activated protein (MAP)
kinase and phosphoinositide 3 (PI3) kinase. The
interaction between IGFs and IGF-IR is regulated
by a group of specific IGF binding proteins (IGFBPs)
that can either inhibit or enhance the actions of
IGFs.6 The dual regulatory effects of IGFBPs on
IGFs are determined by their post-translational
modification in which IGFBP proteases play an im-
portant role.7 Prostate-specific antigen (PSA) has
been found to be one of the IGFBP proteases.

Most members of the IGF family, including
IGFs, IGF-IR, as well as some IGFBPs and their
proteases, are found in the prostate.8 In vitro stud-
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ies show that IGFs are strong mitogens for prostate
cancer cells and that suppressing the mitogenic
stimulation of IGFs can slow down the growth of
prostate cancer.3,9 In humans, epidemiologic stud-
ies have found that high plasma levels of IGF-I are
associated with increased risk of prostate can-
cer.10,11 The effect of IGFs on the progression of
prostate cancer has also been evaluated in a num-
ber of clinical studies.12–14 These studies found that
serum IGFBP-2 levels were elevated and that
IGFBP-3 levels were decreased in patients with
prostate cancer compared to those without the
cancer, suggesting that the two binding proteins
may have clinical implications in the prognosis of
prostate cancer. To further examine this possibil-
ity, we compared changes of IGF-I, IGFBP-2, and
IGFBP-3 levels in sequentially collected postoper-
ative serum samples between prostate cancer pa-
tients with and without recurrence.

MATERIAL AND METHODS

PATIENTS
In a clinical study that used prostate-specific antigen (PSA)

to monitor prostate cancer recurrence after radical prostatec-
tomy, we recruited 347 patients with prostate cancer consec-
utively from a prostate clinic at the Toronto Hospital between
February 1993 and November 1994.15 Among these patients,
we collected 3 or more serial postoperative serum samples
from 148 patients. Of the 148 patients, 51 had biochemical
relapse as determined by substantial increases in PSA levels in
serial postoperative serum samples. From the group of pa-
tients who had at least 3 postoperative serum samples stored
in our serum repository, we selected for the study 38 patients
(cases) who had developed recurrence and 40 patients (con-
trols) who remained in remission by the end of 1997. The
selection was based on the amount of serum specimens avail-
able for the study. The median follow-up time was 53 months
for the cases and 55 months for the controls.

All patients in the study underwent ultrasound-guided
transrectal needle biopsy to establish their histologic diagnosis
before surgery; the patients also had a complete evaluation
before the surgery, including bone scan, chest x-ray, serum
levels of alkaline phosphatase, and physical examination, to
exclude the presence of metastatic lesions. During radical
prostatectomy, an open pelvic lymphadenectomy was per-
formed to determine the presence of regional nodal metastases
before prostatectomy. Pathologic staging was done, based on
the complete surgical specimens; parameters recorded in the
pathology report include Gleason score, capsular penetration
of tumor tissue, nodal status, and tumor involvement in the
surgical margins, periprostatic tissues, bladder neck, and sem-
inal vesicle. On the basis of the TNM staging, 8.6% patients
had T1a disease, 1.4% T1b, 30% T1c, 48.6% T2a, 8.6% T2b,
and 2.8% T3. With regard to histologic grade, 2.6% patients
had Gleason score 4 or lower, 10.5% had 5, 18.4% had 6,
46.1% had 7, 18.4% had 8, and 2.9% had Gleason score 9.
Because the majority of patients were considered in remission
when their postoperative blood samples were collected, infor-
mation on postoperative treatment was not available.

SERUM SAMPLES
Serial serum samples were collected from the patients for

PSA testing during their follow-up after radical prostatectomy.
Of the 38 cases, 32 had 4 serial samples and 6 had 3 serial
samples. On average, the first serial samples were collected 1.4
years after the operation, the second samples 2.6 years, the

third samples 3.4 years, and the fourth samples 4.6 years. For the
controls, 38 had 4 serial samples and only 2 had 3 serial samples.
The average time for serum collection was 1.5 years after the
surgery for the first serial samples, 2.6 years for the second ones,
3.8 years for the third ones, and 4.8 years for the last ones.

PSA TEST AND BIOCHEMICAL RELAPSE
Two PSA assays were used in the study to determine serum

PSA concentration. The Abbott IMx PSA assay (Abbott Labo-
ratories, Abbott Park, Ill) was used for prostate cancer diagno-
sis and patient management after surgery in the clinic. As part
of a research project reported in a previous study,15 an ultra-
sensitive PSA assay with detection limit of 0.001 ng/mL was
used to monitor postoperative serum PSA for early detection
of prostate cancer recurrence. PSA results measured by this
research assay were used to determine relapse of prostate can-
cer, which was defined as two consecutive increases in serum
PSA that resulted in at least the doubling of initial PSA.15 Our
previous study found that the biochemical relapse was signif-
icantly associated with those well-established prognostic indi-
cators for prostate cancer recurrence.15

MEASUREMENTS OF IGF-I AND IGFBPS
Serum concentrations of IGF-I, IGFBP-2, and IGFBP-3 were

measured using three commercially available immunoassay
kits (DSL Inc., Webster, Tex). The methods for measuring
IGF-I and IGFBP-3 were enzyme-linked immunosorbent as-
says. A radioimmunoassay was used for IGFBP-2. Earlier stud-
ies showed that IGF-I and IGFBPs were fairly stable in blood
samples and that the results of measurement were reproduc-
ible.10,16 The coefficient of variation for between-run was less
than 10% in all three methods. To further reduce the variation
in measurement, we analyzed all serial samples from the same
patients in one assay plate.

STATISTICAL ANALYSIS
Median levels of IGF-I, IGFBP-2, and IGFBP-3 in each of the

four serial serum samples were compared between the two
groups of patients, using the Wilcoxon rank-sum test. The
Friedman test was used to compare the differences of IGF-I,
IGFBP-2, and IGFBP-3 among four serial samples in each pa-
tient group. If levels of these variables were significantly dif-
ferent among the four collections, Page’s L test was followed to
examine the trend. Overall comparisons between the two
groups after adjusting for patient and specimen variations
were performed, using the generalized linear model (GLM) in
the SAS statistical software (SAS Institute Inc, Cary, NC).
Other continuous variables were compared, using Student’s t
test or Wilcoxon rank-sum test. For categorical data, the chi-
square or Fisher’s exact test was used where appropriate.

RESULTS

Table I shows the comparisons of clinical and
pathologic features between the cases (patients
with relapse) and controls (patients in remission).
The mean ages were 62 years for the cases and 63
years for the controls. The median follow-up times
were 53 and 55 months, respectively. There were
no statistically significant differences in age and
follow-up time between the two groups (P 5
0.444 and 0.372, respectively). The cases had
larger tumor volumes (44% versus 21%, P
,0.001), higher Gleason scores (7.3 versus 6.2, P
,0.001), and higher PSA levels before surgery
(9.8 versus 5.7, P 5 0.012) than the controls.
Comparing the days during which the postopera-
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tive serum samples were collected, we found no
significant differences between the two groups at
each of the four serial collections.

In comparison to the controls, higher percent-
ages of the cases had positive surgical margin
(61.3% versus 26.3%, P 5 0.003), periprostatic
tissue involvement (80.6% versus 44.7%, P 5
0.002), capsular penetration (90.3% versus
65.8%, P 5 0.016), and seminal vesicle involve-
ment (29.0% versus 7.9%, P 5 0.021). However,
there were no significant differences in bladder
neck and lymph node involvement between the
two groups (P 5 0.086 and 0.496, respectively).
With regard to the pathologic stage of the disease,
the majority (81.3%) of the cases had a Stage 2
disease, whereas most of the controls (60.5%) had
a Stage 1 disease (P 5 0.008).

Table II shows serum levels of IGF-I, IGFBP-2,
and IGFBP-3 in the cases and controls. IGF-I levels
were not significantly different between the two
groups, neither in the comparison at each serial

collection nor in overall comparison. Also, we ob-
served no increasing or decreasing trends for se-
rum IGF-I in the serial samples for either patient
group.

For IGFBP-2, serum concentrations in the first
and second serial samples were not significantly
different between the two groups (P 5 0.159 and
0.073, respectively), but in the third and fourth
serial samples, the differences became statistically
significant, higher in the controls than in cases
(P 5 0.005 and 0.041, respectively). Overall, the
controls tended to have higher IGFBP-2 than the
cases (P 5 0.025). Also, in the control group,
IGFBP-2 levels were increased with time, and the
trend was statistically significant (P 5 0.014). In
the cases, however, no significant difference was
observed (P 5 0.528).

With regard to serum levels of IGFBP-3, there
were significant differences in the first and last se-
rial samples (P 5 0.044 and 0.047, respectively),
but the differences in the second and third samples

TABLE I. Clinical and pathologic features of patients with prostate cancer
Variable Relapse Remission P Value

No. Mean (SD) No. Mean (SD)

Age (y) 38 62 (6.3) 39 63 (5.9) 0.444*
Tumor volume (%) 29 44 (27) 34 21 (21) ,0.001*
Gleason score 38 7.3 (0.9) 38 6.2 (1.4) ,0.001*

No. Median No. Median

Follow-up (mo) 31 53 38 55 0.372†

Preoperative PSA (ng/mL) 35 9.8 38 5.7 0.012†

Days after surgery
1st sample 38 509 40 558 0.678†

2nd sample 38 958 40 957 0.807†

3rd sample 38 1233 40 1395 0.474†

4th sample 32 1679 38 1736 0.194†

Postoperative PSA (ng/L)
1st sample 38 61.2 40 1.3 ,0.001†

2nd sample 38 164.2 40 1.2 ,0.001†

3rd sample 38 279.8 40 1.3 ,0.001†

4th sample 31 404.9 39 2.0 ,0.001†

No. % Positive No. % Negative

Surgical margin 31 61.3 38 26.3 0.003‡

Periprostatic tissue 31 80.6 38 44.7 0.002‡

Capsular penetration 31 90.3 38 65.8 0.016‡

Seminal vesicle 31 29.0 38 7.9 0.021‡

Bladder neck 32 15.6 38 2.6 0.086‡

Lymph node 32 0 38 5.3 0.496‡

Pathologic stage
T1 5 15.6 23 60.5
T2 26 81.3 14 36.8
T3 1 3.1 1 2.6 0.008‡

KEY: PSA 5 prostate-specific antigen.
* Student’s t test.
† Wilcoxon rank-sum test.
‡ Chi-square test or Fisher’s exact test.
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were not statistically significant (P 5 0.330 and
0.559, respectively). Overall, serum levels of
IGFBP-3 were significantly higher in the controls
than in cases (P 5 0.037). IGFBP-3 levels did not
show any increasing or decreasing trends in these
serial samples for either group (P 5 0.803 for the
cases, P 5 0.373 for the controls).

COMMENT

The study showed no changes, either increase or
decrease, in levels of IGF-I and IGFBP-3 over
nearly 5 years of follow-up after radical prosta-
tectomy. These findings suggest that IGF-I and
IGFBP-3 have no predictive values in prostate can-
cer prognosis. However, because the progression
of prostate cancer is relatively slow, short fol-
low-up time may limit our ability to detect slow
and gradual changes of these markers over a long
period of time. In the study, we did find that serum
levels of IGFBP-2 and IGFBP-3 were higher in pa-
tients in remission than in patients with relapse.
Moreover, serum levels of IGFBP-2 increased with
time in patients who remained in remission, but
did not change in patients who had recurrence.
This finding apparently did not support the spec-
ulation that high IGFBP-2 might be associated with
prostate cancer progression.

IGFBP-2 is the most abundant IGFBP in seminal
plasma and one of the major IGFBPs in human
prostate epithelial cells.17,18 Two earlier studies12,13

compared serum levels of IGFBP-2 and IGFBP-3
between patients with prostate cancer and normal
controls. Both studies found substantially increased
serum levels of IGFBP-2 in cancer patients, suggest-
ing that IGFBP-2 might be involved in the disease.
High serum IGFBP-2 was also observed in patients
with prostate cancer who had high serum PSA.19

Tennant et al.14 reported that IGFBP-2 levels
were higher in prostate cancer cells than in normal
prostate epithelial cells and that IGFBP-3 was low
in cancer cells. High IGFBP-2 and low IGFBP-3
were also seen in several other tissue studies.20–22

These observations in tumor tissues seemed to be
consistent with those in serum samples. However,
further examination of the relationship between
IGFBP-2 and prostate cancer prognosis revealed
inconsistent findings. One study22 suggested that
high IGFBP-2 was associated with high histologic
grade of the tumor, whereas others found no cor-
relation between IGFBP-2 and the Gleason score or
pathologic stage.20,21

In most cell culture experiments, IGFBP-2 was
found to be able to inhibit the mitogenic action of
IGFs, but, in certain cell lines, this binding protein

TABLE II. Levels of IGF-I, IGFBP-2, and IGFBP-3 in patients with prostate cancer
Variable Relapse (n 5 38) Remission (n 5 40) P Value*

IFG-I (ng/mL)
1st sample 107.7 (38.9–161.7) 110.2 (46.6–213.1) 0.772
2nd sample 104.8 (51.4–205.5) 112.5 (15.7–205.6) 0.503
3rd sample 105.6 (31.0–214.0) 108.5 (15.5–230.5) 0.976
4th sample† 111.7 (22.8–190.6) 100.5 (39.7–239.4) 0.914

Friedman test: P 5 0.838 P 5 0.762
Overall comparison between the 2 groups‡: P 5 0.808

IGFBP-2 (ng/mL)
1st sample 447.5 (50.0–895.0) 507.5 (180.5–1807.5) 0.159
2nd sample 401.3 (172.5–1160.0) 557.5 (125.0–1645.0) 0.073
3rd sample 391.3 (115.0–1025.0) 591.3 (127.5–1937.5) 0.005
4th sample† 500.0 (135.0–1007.5) 597.5 (72.5–1942.5) 0.041

Friedman test: P 5 0.528 P 5 0.025
Page’s L test: P 5 0.014
Overall comparison between the 2 groups‡: P 5 0.005

IGFBP-3 (ng/mL)
1st sample 4091 (2526–7121) 4768 (2953–6773) 0.044
2nd sample 4359 (2552–6398) 4506 (3032–6231) 0.330
3rd sample 4165 (1617–7996) 4398 (2351–9874) 0.559
4th sample† 3943 (2186–6429) 4411 (2978–7881) 0.047

Friedman test: P 5 0.803 P 5 0.373
Overall comparison between the 2 groups‡: P 5 0.038

KEY: IGF-I 5 insulin-like growth factor I; IGFBP 5 insulin-like growth factor binding protein.
Values to Relapse and Remission are median (range).
* Wilcoxon rank-sum test.
† Specimens available for analysis from 32 cases and 38 controls.
‡ Generalized linear models after adjusting for patients and specimens.
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was shown to have a weak stimulatory effect on
IGF actions.1,5,6 This dual regulatory effect of
IGFBP-2 on IGFs may partially explain the con-
flicting findings in clinical studies. A cell culture
experiment showed that long-term overexpression
of IGFBP-2 increased tumorigenic potential for ad-
renocortical tumor cells, suggesting that IGFBP-2
has an IGF-independent stimulatory effect on tu-
mor growth.23 Findings of our study do not sup-
port the stimulatory effect of IGFBP-2 on tumor
growth. Our observation is in agreement with the
inhibitory effect of IGFBP-2 on tumor growth.

Laboratory experiments and epidemiologic stud-
ies3,10,11 all have indicated that IGF-I may play a
role in the development of prostate cancer. A po-
tential effect of IGF-I on the progression of pros-
tate cancer was also suspected.24 However, our
study found no evidence that IGF-I was involved in
the progression of the disease. Correlations be-
tween serum PSA and IGFBP-2 and IGFBP-3 were
observed in several previous studies,12,13,19 but our
study found no indications that serum PSA was
correlated with IGFBP-2 or IGFBP-3.

In summary, the study found no differences in
serum levels of IGF-I between patients with pros-
tate cancer who were in remission and those who
developed recurrent disease after radical prostatec-
tomy. The study also showed no changes in serum
IGF-I and IGFBP-3 over the time of follow-up. Se-
rum levels of IGFBP-2 and IGFBP-3 were higher in
the patients who were in remission than in those
who developed recurrent disease. Postoperative se-
rum IGFBP-2 levels increased with time in the pa-
tients who were in remission but did not change in
the patients who had recurrence. Findings of this
study suggest that IGFBP-2 may play a role in pros-
tate cancer progression, but the study does not sup-
port the notion that IGF-I, IGFBP-2, or IGFBP-3 has
predictive values in the prognosis of prostate cancer.
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