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ABSTRACT 
 

Introduction :Prostate cancer (PCa) is the second most frequent malignancy diagnosed in adult men. 
Androgens are considered the primary growth factors for prostate normal and cancer cells. However, other non-
androgenic growth factors are involved in the growth regulation of PCa cells. Insulin-like Growth Factor (IGF-
1) modulates cell growth and survival, and is thought to be important in tumor development. The association 
between IGF-1 and PCa risk is well established. However, there is no evidence that the measurement of IGF-1 
enhances the specificity of PCa detection beyond that achievable by serum PSA levels. Objective: The aim of 
this work was to examine the biochemical relationship between serum IGF-1 and prostatic enlargement (either 
malignant or benign). Also, to determine if measuring serum IGF-1 level can improve the detection of PCa. 
Subjects and Methods: A consecutive series of 27 men with newly diagnosed untreated PCa, 30 men with 
newly diagnosed untreated Benign Prostatic Hyperplasia (BPH), and 24 healthy men controls were recruited. 
The diagnosis of PCa and BPH was made by transrectal ultrasound (TRUS) guided prostate biopsies followed 
by histopathological investigation. Serum total and free PSA and IGF-1 levels were measured by using 
chemiluminescence’s technique. Serum levels of IGF-1, total and free PSA were compared between cases and 
controls. Results: Serum IGF-1 levels were significantly higher in both PCa (231 ± 7.62 ng/ml, mean ± SEM, p 
< 0.001) and BPH patients (215 ± 9.20 ng/ml, p < 0.01) than in controls (176 ± 5.60 ng/ml). The median of both 
free and total PSA was significantly higher in both PCa and BPH patients as compared to control group (p < 
0.001). Only total PSA was significantly higher in PCa than BPH patients (p < 0.05). The area under the curve 
(AUC) for total PSA, free PSA, and IGF-1 were 0.89, 0.81, and 0.72,respectively. Conclusions: The present 
results suggest that serum IGF-1 levels provide no useful information in the diagnosis of PCa or BPH. In 
addition, the measurement of IGF-1 does not enhance the specificity of PCa detection beyond that achievable by 
serum PSA alone, but rather that IGF-1 may be predictive of later cancer development 
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Introduction 

 
Prostate cancer is one of the most commonly diagnosed malignancies in men and is the second leading 

cause of cancer-related death worldwide (Jemal et al., 2009). 
Serum PSA is a sensitive marker of PCa, but its positive predictive value is low. Studies have shown that a 

PSA threshold of 4 ng/ml allows a closer approximation to optimal sensitivity and specificity. At this cut-off, 
PSA has impressive sensitivity rates vary from 78% (Espana et al., 1998) to 100% (Unal et al., 2000) and 
specificity rates vary from 15% (Aragona et al., 2005) to 66% (Unal et al., 2000).  

Unfortunately, the specificity of PSA is not high enough. This is due to several factors not related to PCa 
that can affect the concentration of PSA in the serum. These factors include pre-analytical conditions of PSA 
measurement, type of PSA immunoassay, intra-individual fluctuations of PSA, prostate volume, and prostatic 
inflammation (Semjonow et al., 2000). 

Due to the lack of specificity, many modifications of PSA have been proposed in an attempt to improve the 
performance of this analyte. These modifications include PSA density (Ohori et al., 1995), age-specific PSA 
ranges (Oesterling et al., 1993), percentage of free PSA (% fPSA) (Catalona et al., 1998), PSA density of 
transition zone (Zlotta et al., 1997), PSA velocity (Carter et al., 1992), and other PSA isoforms (Huber et al., 
1995). Although the cancer specificity of PSA can be improved by these modifications, further improvement is 
needed. 

The IGF system is a complex molecular network that has two ligands (IGF-1 and IGF-2), two receptors 
(IGF-1R and IGF-2R), six high-affinity-binding proteins (IGFBP-1 to IGFBP-6) and several binding-protein 
proteases (LeRoith & Roberts, 2003). IGFs are mitogenic peptides that have an important role in regulating cell 
proliferation, differentiation and apoptosis (Pollak, 2001) and they have been related to the pathogenesis of PCa 
(Mantzoros et al., 1997) and BPH (Cohen, 1998). 

The effects of IGFs are mediated through type-1 IGF receptor, a tyrosine kinase that shares certain 
structural similarities with insulin receptor. The availability of free IGFs for interaction with IGF receptor-1 is 
modulated by IGFBPs (Pollak, 2001). In the plasma greater than 90% of circulating IGF-1 is bound to IGFBP-3. 
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The affinity of IGFBP-3 for IGF-1 is decreased by proteases that cleave binding proteins and may cause growth 
by increasing the availability of free IGF-1. PSA is a serine protease that may modulate the activity of IGF-1 
(Cohen, 1998). 

 
Subjects And Methods: 
 
Controls:  
 

Twenty four healthy volunteers, the mean age ± standard deviation (61.8 ± 6.38 years) referred to the 
central laboratory, Tripoli Teaching Hospital for blood sampling. Subjects were included if they were men older 
than 50 years of age, apparently healthy, not having a history of drug or alcohol abuse and not taking 
medications known to influence prostate functions and to be fasting overnight. Subjects were excluded if they 
were smokers, subjected to a constipation or digital rectal examination within the past month, suffering from 
any urological disorder or any other cancer.  
 
Patients: 
 

The study included 67 consecutive patients who presented to Tripoli Teaching Hospital, between September 
2009 and March 2010. These patients were referred to outpatient clinic exclusively by urologists due to elevated 
total serum PSA or suspicious digital rectal examination.  

After patients provided informed consent, blood samples were obtained before any prostatic manipulation, 
followed by TRUS guided prostate biopsy. Of the patients, 27 men (age 62.9 ± 7.21 years) were diagnosed with 
PCa, and 30 men (age 64.6 ± 6.86 years) were diagnosed with BPH.  

Patients were included if they were older than 50 years of age, not having a history of drug or alcohol abuse 
and to be fasting overnight. Patient’s exclusion criteria included any biopsy, digital rectal examination, or 
prostatic massage antedating blood collection by 6 weeks, prior prostate surgery, concurrent medical treatment 
for prostate disease, suffering from any other urological disorder or any other cancer. 

 
Blood Sampling and Laboratory Methods: 
 

Overnight fasting venous blood samples were withdrawn at morning after 10 minutes rest in the sitting 
position. Samples were allowed to clot for about 30 minutes, and then centrifuged at 4000 rpm for about 10 
minutes. The yielded serum was aliquoted and stored at -70�C until the time of analysis. Serum total and free 
PSA (Correale et al., 1996) and IGF-1 (Elmlinger et al., 2005) levels were measured by using 
chemiluminescence’s technique (IMMULITE 1000®, Siemens, Germany). 
 
Statistical Analyses: 
 

All analyses and graphics were performed using GraphPad Prism version 5 (GraphPad Software, San 
Diego).  

Mann-Whitney U test was used to compare the median of free and total PSA between PCa, BPH, and 
controls. One way Analysis of Variance (ANOVA) followed by Tukey’s procedure was used to compare mean 
of IGF-1 between PCa, BPH, and controls. Differences between means or medians were considered statistically 
significant at P� 0.05. 

To evaluate the specificity versus sensitivity of IGF-1, total PSA, and free PSA receiver-operating 
characteristic (ROC) curves were drawn and the AUC was calculated. 
 
Results: 
 

Table 1 and Fig. 1 show the analysis of various parameters. Serum IGF-1 levels were significantly higher in 
both PCa (231 ± 7.62 ng/ml, p < 0.001) and BPH patients (215 ± 9.20 ng/ml, (p < 0.01)) than in controls (176 ± 
5.60 ng/ml).  

The median of both free and total PSA was significantly higher in both PCa and BPH patients as compared 
to control group (p < 0.001). Only total PSA was significantly higher in PCa than BPH patients (p < 0.05). 

The accuracy of IGF-1 for PCa detection was evaluated by ROC analysis. The AUC was 0.72 for IGF-1, 
0.81 for free PSA, and 0.89 for total PSA Fig. 2).  
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Table 1: Age and serum markers of the participants 

 Control BPH PCa *P value #P value 
No. of cases 24 30 27   
Mean age ± SD 61.8 ± 6.38 64.6 ± 6.86 62.9 ± 7.21   
Total PSA (ng/ml)      

Mean ± SEM 1.22 ± 0.08 12.2 ± 1.38 37.5 ± 5.90   
Median  1.30 10.3* 23.2*# < 0.001 < 0.05 

Free PSA (ng/ml)      
Mean ± SEM 0.27 ± 0.02 2.14 ± 0.25 3.91 ± 0.60   
Median  0.27 2.00* 2.60* < 0.001 ns 

IGF-1 (ng/ml)      
Mean ± SEM 176 ± 5.60 215 ± 9.20* 231 ± 7.62* < 0.01 ns 
*  Significant from control                    

#
 Significant from BPH 

PCa: Prostate cancer   BPH: Benign Prostatic Hyperplasia PSA: Prostatic Specific Antigen  IGF-1:Insulin like Growth Factor1 
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Fig. 1: Serum levels of (A) total PSA, (B) free PSA, and (C) IGF-1 (ng/ml) in control, BPH, and PCa groups 
 
Discussion: 

 
The introduction and use of PSA for PCa screening and detection has changed the face of PCa, in particular 

as it relates to the well-recognized stage migration of disease (Loeb & Catalona, 2007). PSA is now the most 
widely used noninvasive screening tool in solid tumors, although its routine use has been the subject of 
continued controversy owing to its limited specificity (Lin, 2009). 

The usefulness of PSA as a marker for PCa emerged in 1980 by Papsidero et al., which was the first report 
of increased PSA levels in the serum of patients with PCa. In 1981, Kuriyama et al. suggested PSA as a marker 
for the disease. Since that time, PSA has gained an indispensable place in the early detection, staging, and 
follow-up of PCa, and is considered the first line test in PCa screening. 

The present results are in line with all previous studies that have used the total PSA to detect the prostatic 
diseases. The serum total PSA was significantly higher in both PCa and BPH patients than normal subjects 
were. 
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Fig. 2: ROC curves for sensitivity versus 1-specificity for total PSA, free PSA, and IGF-1. 

  
Unfortunately, the specificity of PSA is not high enough. Due to the lack of specificity, many modifications 

of PSA have been proposed in an attempt to improve the performance of this analyte (Semjonow et al., 2000). 
The evidence that low androgen levels do not exclude PCa suggests that other growth factors, such as IGFs 

family, also have a role in the prostate carcinogenesis (Morgentaler et al., 1996). In the present study, patients 
with PCa or BPH showed significantly elevated levels of IGF-1 when compared to control. 

These findings are in line with Chan et al. (1998) who showed a 2.4-fold increased risk of PCa in the 
highest IGF-1 quartiles. In addition, two case-control studies of newly diagnosed patients showed that serum 
IGF-1 was higher in men with PCa than in controls (Mantzoros et al., 1997) and (Wolk et al., 1998).  

 In addition, Oliver et al. (2004) investigated 176 cases and 324 matched controls selected out of a cohort of 
7,383 men and observed that the risk of PCa increased across quartiles of IGF-1 and IGF-2.  

A meta-analysis done by Shi et al. (2001) evaluated 14 case-control studies for the association between 
IGF-1 level, IGFBP-3 level and PCa, the combined data showed that circulating levels of IGF-1 were 
significantly higher in PCa patients. Another meta-analysis of 9 prospective studies, that included 1,512 men 
with PCa, found a similar result (Morris et al., 2006).  

Roddam et al. (2008) reanalyzed the individual data from 12 prospective studies (3,700 PCa cases and 
5,200 control participants) on the relationships between circulating levels of IGFs and subsequent PCa risk. A 
38% increased odds of PCa risk, comparing highest versus lowest quartiles of IGF-1. 

Recently, Rowlands et al. (2009) conducted the largest systematic review of studies reporting on the 
association of IGF-1 with the risk of PCa. Unlike previous metaanalyses, this one included both retrospective 
and prospective studies (42 studies) and demonstrated that the published literature is consistent with an average 
21% increase risk of PCa per standard deviation increase in IGF-1. They also showed a stronger association of 
IGF-1 with more aggressive and advanced cancers, compared to non-aggressive and localized ones. 

Nevertheless the majority of studies that support the role of IGF-1 as a predictor for PCa development, 
Cutting et al. (1999) observed no statistical significant difference of serum IGF-1 levels between PCa patients 
and controls. Moreover, Finne et al. (2000) concluded that there is a negative association between serum IGF-1 
and PCa risk and it is not a useful diagnostic test for PCa.  

In the present study, the AUC for IGF-1 (0.72) was lower than that for both serum total (0.89) and free PSA 
(0.81) indicating that serum IGF-1 levels do not improve the accuracy of PSA alone for distinguishing cancer.  

These findings are in line with (Chan et al., 1998), (Stattin et al., 2000) and (Harman et al., 2000) who did 
not suggest that serum IGF-1 is a marker for PCa detection, but rather that IGF-1 may be predictive of later 
cancer development. 

Finally, Chan et al. (2002) concluded that circulating levels of IGF-1 and IGFBP-3 may predict the risk of 
developing advanced-stage PCa, but their utility for screening patients with early stage disease may be limited. 
Additionally, Ismail et al. (2003) concluded that serum IGF-1 and IGFBP-3 do not predict the results of prostate 
biopsy. 
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Conclusions: 
 
The present results suggest that serum IGF-1 levels provide no useful information in the diagnosis of PCa 

or BPH. In addition, the measurement of IGF-1 does not enhance the specificity of PCa detection beyond that 
achievable by serum PSA alone, but rather that IGF-1 may be predictive of later cancer development 
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