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Rapid Communication

Increased Serum InsulinAssociatedWith Increased
Riskof ProstateCancerRecurrence
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BACKGROUND. In the present study, we assessed the relationship of serum insulin levels
and risk of recurrence in men with localized prostate cancer because of the relationship of
insulin to the development of prostate cancer, and because insulin is a growth factor.
METHODS. Participants in our study were found through urology and radiation oncology
clinics, and all eligible patients were asked to take part. All patients were asymptomatic and
had been initially diagnosed on the basis of rising PSA or abnormal physical examination.
Histological con®rmation of diagnosis was obtained for all subjects. Serum insulin levels were
determined by chemoluminescent assay with a standard, commercially available instrument
(Immulite Diagnostic Products Corporation, Los Angeles, CA). Patients were divided into
three risk groups: Low risk: serum PSA � 10, stage �T2a, or Gleason grade � 6; Medium risk:
serum PSA 10±15, Gleason 7 or stage �T2b; High risk: Gleason > 7, tumor in seminal vesicle
biopsy, serum PSA > 15 or stage T2c or T3.
RESULTS. Men, 112 in number, with prostate cancer were studied. There was a signi®cant
increase in serum insulin with risk group (P� 0.002, one-way ANOVA). Tukey's multiple
range test showed that the insulin levels of high risk patients were signi®cantly higher than the
insulin levels of medium and low risk patients (P� 0.05) but the insulin levels of medium and
low risk patients were not signi®cantly different from one another.
CONCLUSIONS. Urologists are actively seeking additional biomarkers of prostate cancer
aggressiveness. Many prostate cancers are quite indolent and may never cause a problem, but
it is now impossible to identify such tumors with certainty. Further studies of serum insulin
levels in prostate cancer as a biomarker might, therefore, be worthwhile. With more and better
biomarkers, many older men might be spared the rigors of radiation therapy and/or surgery,
and their complications. Also, new prostate cancer therapies might be directed toward
inhibiting the mitogenic effects of insulin. Prostate 50:1±3, 2002. # 2002 Wiley-Liss, Inc.
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INTRODUCTION

PSA, Gleason score, and stage at diagnosis are
currently the most reliable markers of prostate cancer
prognosis and tumor aggressiveness [1]. But urologists
are actively seeking additional biomarkers.

Many prostate cancers are quite indolent and may
never cause a problem, but it is now impossible to
identify such tumors with certainty. With more and
better biomarkers, some older men might be spared

the rigors of radiation therapy and/or surgery, and
their complications.

Elevated insulin levels are associated with
increased risk of prostate cancer [2]. Moreover, insulin
is necessary for the growth of prostate cancer cells in

*Correspondence to: Dr. Steven Lehrer, Radiation Oncology Box
1236, Mount Sinai Medical Center, New York, NY 10029.

Received 16 April 2001; Accepted 30 August 2001

ß 2002 Wiley-Liss, Inc.
DOI10.1002/pros.10026



culture. For example, a special serum-free de®ned
medium that can support short-term, long-term, and
clonal growth of the human prostatic carcinoma cell
lines, LNCaP, DU 145, PC-3, and ALVA-31, must
contain insulin [3].

In the present study, we measured insulin levels in
a series of men with prostate cancer.

METHODS

Participants in our study were found through
urology and radiation oncology clinics, and all eligible
patients were asked to take part. All patients had been
initially diagnosed on the basis of rising PSA or
abnormal physical examination. Histological con®r-
mation of diagnosis was obtained for all subjects. All
participants gave informed consent. All staging was
clinical, because almost all the patients were to receive
I-125 seed implant.

We studied men referred for treatment of localized
prostate cancer. In our treatment protocol, patients are
divided into three risk groups [4].

LowRisk

Serum PSA � 10, stage �T2a, or Gleason grade � 6.
These patients are treated with a radioactive implant.

MediumRisk

Serum PSA 10±15, Gleason 7 or stage �T2b. These
patients are treated with three months of combined
hormonal therapy followed by an implant.

High Risk

Gleason> 7, tumor in seminal vesicle biopsy, serum
PSA> 15 or stage T2c or T3. These patients are treated
with three months combined hormonal therapy, an
implant, and after two months break 6,000 rads with
external beam radiotherapy.

Serum insulin levels were determined by chemo-
luminescent assay with a standard, commercially
available instrument (Immulite Diagnostic Products
Corporation, Los Angeles, CA).

RESULTS

Patients, 112 in number, were studied. The young-
est was 46 years old, the oldest was 88, average age
was 67� 8.5 (mean� SD). Patients, 52 in number, were
low risk, 16 medium risk, and 44 high risk.

There was a signi®cant increase in serum insulin
with risk group (P� 0.002, one-way ANOVA; Fig. 1).
Tukey's multiple range test showed that the insulin
levels of high risk patients were signi®cantly higher

Fig. 1. Serum insulin (mIU/ml) levels of menwith prostate cancer.Number of cases in each risk group above the error bar.Therewas sig-
nificant variation of insulin (P� 0.002, one-way ANOVA).Tukey'smultiple range test showed that the insulin levels of high risk patients were
significantlyhigher than theinsulin levels ofmediumandlowriskpatients (P� 0.05), but theinsulin levels ofmediumandlowriskpatientswere
not significantlydifferent fromone another. (Theupper limit of the normal range in our laboratory is 27 mIU/ml.)
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than that of medium and low risk patients (P� 0.05),
but the insulin levels of medium and low risk patients
were not signi®cantly different from one another.

DISCUSSION

Data from epidemiological and biological research
implicate insulin-like growth factors I and II (IGF-I
and IGF-II) in the regulation of prostate epithelial cell
proliferation, and in the pathophysiology of prostate
cancer [5]. But there has been little investigation into
the role insulin itself plays in prostate cancer. Isolated
epithelial cells of rat ventral prostate have insulin
receptors, and fasting increases their concentration [6].
But PA-III rat prostate adenocarcinoma cells have no
insulin receptor, though they do have speci®c binding
sites for IGF-I and II [7].

One large epidemiologic study found an equivocal
relationship between diabetes mellitus and prostate
cancer. In hundreds of thousands of male respondents,
the Cancer Prevention Study (1959±1972) explored
whether men with diabetes were more likely to deve-
lop prostate cancer during a 13-year follow-up than
were men without diabetes. After adjustment for
factors associated with prostate cancer in previous
studies, little association was found between diabetes
at baseline and prostate cancer incidence. Men who
had diabetes mellitus for 5 years or more, however,
had a higher incidence of prostate cancer than did men
without diabetes. But among all study participants
who were diagnosed with prostate cancer, men with
diabetes were only slightly more likely to die from
prostate cancer than were men without diabetes [8].

The relationship between insulin level and risk
group in prostate cancer we describe here is biologi-
cally quite plausible, since insulin is a growth factor.
Further studies may document whether serum insulin
level might be a useful biomarker of prostate cancer
aggressiveness.

New prostate cancer therapies might be directed
toward reducing insulin levels. For example, metfor-
min is now used to restore normal menses in poly-
cystic ovary syndrome by lowering serum insulin
levels [9]. Metformin might prevent prostate tumor

spread and recurrence in men with hyperinsulinemia
by reducing insulin levels. Miglitol [10], indomethacin
[11], troglitazone [12], and other insulin-lowering
drugs could also potentially prevent recurrence.

REFERENCES

1. Oesterling JE, Fuks Z, Lee CT, Scher HI. Cancer of the prostate.
In: DeVita VT, Hellman S, Rosenberg SA, editors. Cancer:
Principles and practice of oncology. 5th ed. Philadelphia:
Lippincott-Raven; 1997. p 1322±1385.

2. Hsing AW, Chua SJ, Gao YT, Gentzschein E, Chang L, Deng J,
Stanczyk FZ. Prostate cancer risk and serum levels of insulin
and leptin: A population-based study. J Natl Cancer Inst
2001;93(10):783±789.

3. Hedlund TE, Miller GJ. A serum-free de®ned medium capable
of supporting growth of four established human prostatic
carcinoma cell lines. Prostate 1994;24:221±228.

4. Stock RG, Stone NN, Kao J, Iannuzzi C, Unger P. The effect of
disease and treatment-related factors on biopsy results after
prostate brachytherapy. Cancer 2000;89(8):1829±1834.

5. Pollak M, Beamer W, Zhang JC. Insulin-like growth factors and
prostate cancer. Cancer Metastasis Rev 1998;17:383±390.

6. Carmena MJ, Fernandez-Moreno MD, Prieto JC. Characteri-
zation of insulin receptors in isolated epithelial cells of rat
ventral prostate: Effect of fasting. Cell Biochem Funct 1986;
4:19±24.

7. Polychronakos C, Janthly U, Lehoux JG, Koutsilieris M.
Mitogenic effects of insulin and insulin-like growth factors on
PA-III rat prostate adenocarcinoma cells: Characterization of
the receptors involved. Prostate 1991;19:313±321.

8. Will JC, Vinicor F, Calle EE. Is diabetes mellitus associated with
prostate cancer incidence and survival? Epidemiology 1999;10:
313±318.

9. Glueck CJ, Wang P, Fontaine R, Tracy T, Sieve-Smith L.
Metformin-induced resumption of normal menses in 39 of 43
(91%) previously amenorrheic women with the polycystic
ovary syndrome. Metabolism 1999;48(4):511±519.

10. Scott LJ, Spencer CM. Miglitol: A review of its therapeutic
potential in type 2 diabetes mellitus. Drugs 2000;59(3):521±
549.

11. Arias AM, Romijn JA, Corssmit EP, Ackermans MT, Nijpels G,
Endert E, Sauerwein HP. Indomethacin decreases insulin
secretion in patients with type 2 diabetes mellitus. Metabolism
2000;49(7):839±844.

12. Kruszynska YT, Yu JG, Olefsky JM, Sobel BE. Effects of
troglitazone on blood concentrations of plasminogen activator
inhibitor 1 in patients with type 2 diabetes and in lean and obese
normal subjects. Diabetes 2000;49(4):633±639.

Serum Insulin andCancer Risk 3


