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Background: The association between antidiabetic medications and the prognosis of human prostate cancer has

not been explored. This study examined the impact of these drugs on the outcomes of diabetic patients with prostate

cancer to provide a basis for diabetes management strategy in these patients.

Patients and methods: Records of consecutive prostate cancer patients with coexisting diabetes mellitus type 2

who were treated at the study institution between 15 July 1999 and 31 December 2008 were reviewed. The survival,

cancer pathological grade, stage at the time of diagnosis, and antidiabetic pharmacotherapy of the patients were

analyzed.

Results: A total of 233 consecutive cases were analyzed. In Kaplan–Meier analysis, thiazolidinedione (log-rank, P =
0.005) and metformin (log-rank, P = 0.035) usage were significant predictors of improved overall survival, while insulin

and insulin secretagogue usage were not significant predictors. Multivariate Cox regression analysis showed that

thiazolidinedione {hazard ratio [HR] = 0.454 [95% confidence interval (CI) 0.213–0.965], P = 0.040} and metformin

[HR = 0.550 (95% CI 0.315–0.960), P = 0.035] usage remained as significant predictors of favorable survival

after controlling for variables including age, race, Gleason grade, and stage.

Conclusions: Thiazolidinediones and metformin appear to be associated with improved overall survival of diabetic

prostate cancer patients. The choice of antidiabetic pharmacotherapy may influence overall survival of these patients.
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introduction

Extensive epidemiological data suggest important roles of type
2 diabetes mellitus (DM2) in carcinogenesis [1–4]. However, an
exception to this general trend is seen in prostate cancer [5–14].
Prostate cancer is the most common cancer in men and the
second leading cause of cancer death in men. The incidence of
this very important malignancy in males is inversely associated
with DM2 [5–14]. Genetic susceptibility to DM2 may be
associated with reduced prostate cancer risk [15–18].

Being distinct from cancer risk, which is related to
carcinogenesis, cancer prognosis is related to the biological
processes contributing to cancer progression after the
malignancy has formed. Hyperglycemia [19] and
hyperinsulinemia [20] are predictive risk factors for increased
mortality in prostate cancer patients, and men with DM2 are
more likely to present with high-grade prostate cancer [21].
A meta-analysis suggests that overall mortality is increased in

prostate cancer patients with preexisting DM2 compared with
those without DM2 [22]. There is also evidence from
animal models that DM2 can promote migration, proliferation,
and other pathological processes that facilitate cancer
progression [23].

Current medications for DM2 include thiazolidinediones
(e.g. pioglitazone and rosiglitazone), biguanides
(e.g. metformin), sulfonylureas, meglitinides, a-glucosidase
inhibitors, amylin analogues, dipeptidyl peptidase-4 inhibitors,
incretin mimetics (e.g. glucagon-like peptide-1 analogues),
bioengineered insulin analogues, and insulin preparations.
Although all these different classes of medications can lower
blood glucose, the mechanisms of actions of these agents are
different and they have different impacts on the circulating
insulin levels. Since hyperinsulinemia is a prospective risk factor
for prostate cancer mortality [20], one would expect an increase
in prostate cancer risk in patients on insulin and insulin
secretagogues compared with those on agents that improve
insulin sensitivity. Yet evidence for increase in prostate cancer
risk by insulin and insulin secretagogues is still lacking.
Metformin appears to reduce the incidence of pancreatic cancer
[24, 25], colon cancer [25], and perhaps prostate cancer [26]. In
contrast, thiazolidinediones appear to reduce the incidence of
lung cancer [27] but may be neutral toward the risk for prostate
cancer [24, 27]. Larger studies or meta-analyses remain to be
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carried out to conclusively address the impact on prostate cancer
risk by these different classes of antidiabetic medications.

In addition to the impact on circulating insulin levels, some
antidiabetic drugs may have direct antitumor effects. For
example, thiazolidinediones [agonists of peroxisome
proliferator-activated receptor-c (PPARc)] have been shown to
suppress various types of cancer cells in cell culture and in animal
models [28–30], and so has metformin [31–33], which activates
AMP-activated protein kinase (AMPK) and decreases signaling
through mammalian target of rapamycin (mTOR) [34]. In
a population-based cohort study [35], diabetic patients treated
with sulfonylureas and/or insulin were more likely to die of
cancer than patients treated with metformin. It is not clear
whether metformin has a beneficial effect, or sulfonylureas and/
or insulin have a detrimental effect, or a combination of both
possibilities. Amylin analogues, dipeptidyl peptidase-4
inhibitors, and incretin mimetics are relatively new antidiabetic
agents, and cancer survival data for patients with long-term usage
of these agents are not yet available. Nevertheless, this study [35]
has highlighted the differential impact of antidiabetic
medications on cancer prognosis in diabetic patients. However,
there remains a gap in knowledge about the impact of specific
classes of antidiabetic medications on the prognosis of specific
types of cancer (including prostate cancer).

Metformin [36], the AMP analog 5-aminoimidazole-4-
carboxamide riboside (AICAR) [37], or rosiglitazone inhibit
prostate cancer cell lines [37]. Troglitazone stabilized prostate-
specific antigen (PSA) in a phase II study of advanced prostate
cancer patients [38], while rosiglitazone did not increase PSA
doubling time or prolong the time to disease progression more
than placebo in men with a rising PSA level after radical
prostatectomy and/or radiation therapy and without
radiological evidence of metastatic disease [39]. To examine the
impact of specific classes of antidiabetic medications on the
prognosis of prostate cancer, we have conducted a retrospective
analysis of diabetic prostate cancer patients treated at our
institution. In this report, we present the first clinical evidence
that thiazolidinediones may improve the overall survival of
diabetic prostate cancer patients, which is similar to metformin
but is in sharp contrast with the lack of impact of insulins and
insulin secretagogues.

patients and methods

study population
The study was approved by the University of Texas M. D. Anderson Cancer

Center (MDACC) Institutional Review Board in accordance with an

assurance filed with and approved by the Department of Health and

Human Services. The study population consists of consecutive cases of

prostate cancer with coexisting or preexisting DM2 treated by the

Genitourinary Medical Oncology Department in MDACC between 15 July

1999 and 31 December 2008 (a time period after the introduction of

thiazolidinediones in the US market). In total, we reviewed 250 cases.

data collection
Trained personnel reviewed online patient records to collect information

on demographics and known or suspected risk factors for prostate cancer

prognosis. Since the black race is an adverse prognostic factor for prostate

cancer [40], the race of this patient cohort was categorized as black versus

non-black. The pathological diagnosis and Gleason grade of the primary

tumor were recorded. The TNM (tumour–node–metastasis) stage of the

prostate cancer at the time of diagnosis was also ascertained.

Mean body mass index (BMI) was calculated using the recorded height

and body weight during clinic visits. According to the World Health

Organization standard, BMIs of 18.5–24.9, 25–29.9, and ‡30 kg/m2 were

defined as normal body weight, overweight, and obesity, respectively.

Diabetes was defined by the self-reported medical history and was also

confirmed from their medical records. Diabetic patients on diet only and

not on any form of pharmacotherapy were excluded from the analysis.

Patients with type 1 diabetes mellitus were also excluded. Antidiabetic

pharmacotherapy was recorded in detail.

statistical analysis
Out of 250 cases reviewed, 17 cases had diet-controlled diabetes and were

not on antidiabetic pharmacotherapy; these 17 cases were not included in

further statistical analysis. The association of prostate cancer patient

survival with each class of antidiabetic pharmacotherapy was evaluated by

Kaplan–Meier analysis. Risk factors (e.g. age, race, Gleason grade, stage at

the time of diagnosis, and BMI) were analyzed using multivariate Cox

regression analysis. Age and race were included in all models. Antidiabetic

pharmacotherapy was classified as: (i) insulin or insulin analogues,

(ii) insulin secretagogues (e.g. sulfonylureas and meglitinides), (iii)

biguanides, (iv) thiazolidinediones, and (v) others, including a-glucosidase

inhibitors, dipeptidyl peptidase-4 inhibitors, amylin analogues, and

glucagon-like peptide 1 analogues. Because many patients used

combination therapy, the drugs or combinations changed over time, and

the number of patients in each monotherapy group was small, the final

analysis used the categorical variables of ever-use versus never-use of

Table 1. Characteristics of the study population

Number

of patients

Missing

data

Mean Median Maximum Minimum

Race 233 0

Black 41

Hispanic 22

Asian 4

White 166

Age of

diagnosis

(years)

233 0 63.48 63 84 42

£65 137

>65 96

Gleason

grade

231 2

£6 28

7–8 111

‡9 92

TNM stage 216 17

£2 97

‡3 119

PSA at

diagnosis

227 6 76.56 12.7 3602 1

BMI, kg/m2 226 7 31 30.30 55.61 18.80

<30 105

30–35 64

>35 57

TNM, tumour–node–metastasis; PSA, prostate-specific antigen; BMI, body

mass index.
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insulins, insulin secretagogues, metformin, or thiazolidinediones. The

demographics and risk factors of prostate cancer prognosis were compared

between thiazolidinedione- ever-users and never-users by v2 test, Student’s

t-test, or Mann–Whitney rank sum test where appropriate. All statistical

analyses were carried out using SPSS version 17.0 (SPSS, Cary, NC) and

SigmaPlot version 11.0 (Systat, Chicago, IL) software with two-sided tests,

with a P value of £0.05 considered statistically significant.

results

association of thiazolidinedione therapy with
improved survival of diabetic prostate cancer
patients

A total of 233 consecutive cases were analyzed. The
characteristics of the study population are summarized in
Table 1. In Kaplan–Meier analysis, thiazolidinedione usage was
a significant (log-rank test, P = 0.005, Figure 1A) predictor of
improved survival. The 75th percentile survival of the
thiazolidinedione ever-use group was 6.710 years and that of the
thiazolidinedione never-use group was 3.627 years; the median
survival of thiazolidinedione- never-users was 6.211 years.
Metformin usage was also a significant (log-rank test, P = 0.035,
Figure 1B) predictor of improved survival. The 75th percentile
survival of the metformin ever-use group was 4.660 years and

that of the metformin never-use group was 3.444 years; the
median survival of metformin never-users was 7.052 years.
Likewise, usage of metformin and/or thiazolidinediones was also
a significant (log-rank test, P = 0.009, Figure 1C) predictor of
improved survival. The 75th percentile survival of the
metformin 6 thiazolidinedione ever-use group was 4.660 years
and that of the metformin 6 thiazolidinedione never-use group
was 3.216 years; the median survival of metformin 6

thiazolidinedione never-users was 5.137 years. In contrast,
insulin and insulin secretagogue usage were not significant
predictors of survival (Figure 1D–F). When ever-users were
compared with never-users for thiazolidinediones, metformin,
and metformin 6 thiazolidinediones, the mean age at prostate
cancer diagnosis of never-users were older than the
metformin users by 5.1 years (P <0.001, Table 2) but not for
thiazolidinediones and metformin 6 thiazolidinediones,
and there were no other significant differences in race, Gleason
grade, TNM stage, PSA at the time of diagnosis, and BMI
between the respective ever-user and never-user groups
(Table 2).

Cox regression analysis was carried out using a model
consisting of the categorical covariates: black race, Gleason
grade ‡8, TNM stage ‡3, obesity (BMI >30), insulin usage,
insulin secretagogue usage, thiazolidinedione usage and

Figure 1. Thiazolidinediones and metformin are associated with improved survival of diabetic prostate cancer patients. Kaplan–Meier survival curves

comparing ever-users and never-users are shown for thiazolidinediones (A), metformin (B), thiazolidinediones and/or metformin (C), insulins and insulin

analogues (D), insulin secretagogues (E), and insulins or analogues and/or insulin secretagogues (F). The P values of the log-rank tests are as labeled.
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metformin usage, and continuous covariates: age at diagnosis
and PSA at diagnosis (Table 3). As expected, this multivariate
analysis showed that Gleason grade was a significant (P < 0.001)
predictor of survival of these diabetic prostate cancer patients.
Thiazolidinedione usage was a significant (P = 0.040) predictor
of favorable survival [hazard ratio (HR) = 0.454, 95%
confidence interval (CI) 0.213–0.965] and so was metformin
usage (P = 0.035, HR = 0.550, 95% CI 0.315–0.960).

discussion

Most epidemiological studies involving antidiabetic
medications and prostate cancer have focuses the impact of

the medications on the risk of having prostate cancer [26, 27,
41–43]. Despite basic scientific evidence that metformin and
thiazolidinediones may have antineoplastic effects against
prostate cancer [36–38, 44], epidemiological investigation on
the impact of antidiabetic medications on prostate cancer
patient survival is lacking. This study addresses the gap in
knowledge about the impact of specific classes of antidiabetic
medications on the prognosis of prostate cancer in DM2
patients. Different classes of antidiabetic pharmacotherapy have
differential impact on the progression of cancer cells [45] and
on the survival of pancreatic cancer patients [24]. In contrast to
our findings in the pancreatic cancer study [24],
thiazolidinediones usage is associated with improved survival of

Table 2. Comparison of the user groups versus the never-user groups

Thiazolidinedione ever-users Thiazolidinedione never-

users

Statistical test P

Black race 11/61 (18.0%) 30/172 (17.4%) v2 0.927

Age of diagnosis (years) Mean = 61.69 Mean = 64.12 t 0.060

Gleason grade Median = 8 Median = 8 Mann–Whitney rank sum 0.236

TNM stage ‡3 26/56 (46.43%) 93/160 (58.1%) v2 0.174

PSA at diagnosis Median = 9.3 Median = 15.7 Mann–Whitney rank sum 0.147

BMI Median = 30.58 Median = 30.27 Mann–Whitney rank sum 0.525

Metformin ever-users Metformin never-users Statistical test P

Black race 26/132 (19.7%) 15/101 (14.8%) v2 0.430

Age of diagnosis (years) Mean = 61.29 Mean = 66.39 t <0.001

Gleason grade Median = 8 Median = 8 Mann–Whitney rank sum 0.502

TNM stage ‡3 48/93 (51.6%) 70/122 (57.4%) v2 0.482

PSA at diagnosis Median = 15.9 Median = 11.2 Mann–Whitney rank sum 0.112

BMI Median = 30.33 Median = 29.48 Mann–Whitney rank sum 0.364

Metformin 6

thiazolidinediones ever-users

Metformin 6

thiazolidinediones never-

users

Statistical test P

Black race 24/160 (15%) 17/73 (23.3%) v2 0.182

Age of diagnosis (years) Mean = 64.14 Mean = 62.03 t 0.122

Gleason grade Median = 8 Median = 8 Mann–Whitney rank sum 0.147

TNM stage ‡3 80/93 (53.7%) 38/67 (56.7%) v2 0.190

PSA at diagnosis Median = 11.7 Median = 16.42 Mann–Whitney rank sum 0.935

BMI Median = 29.74 Median = 31.27 Mann–Whitney rank sum 0.208

TNM, tumour–node–metastasis; PSA, prostate-specific antigen; BMI, body mass index.

Table 3. Multivariate Cox regression analysis of survival

Covariate Coefficient Hazard ratio Wald chi-square P

Black race 20.141 (20.818 to 0.537) 0.869 (0.441–1.710) 0.165 0.684

Age at diagnosis 0.0235 (20.00627 to 0.053) 1.024 (0.994–1.055) 2.394 0.122

Gleason grade ‡8 0.469 (0.192–0.745) 1.598 (1.212–2.107) 11.027 <0.001
Stage ‡3 0.533 (20.0462 to 1.113) 1.705 (0.955–3.044) 3.253 0.071

PSA at diagnosis 20.000226 (20.00112 to 0.000674) 1.000 (0.999–1.001) 0.242 0.623

BMI >30 20.0586 (20.587 to 0.469) 0.943 (0.556–1.599) 0.0473 0.828

Insulin 20.165 (20.812 to 0.483) 0.848 (0.444–1.620) 0.249 0.618

Insulin secretagogues 20.0973 (20.677 to 0.482) 0.907 (0.508–1.620) 0.108 0.742

Thiazolidinediones 20.790 (21.545 to 0.0353) 0.454 (0.213–0.965) 4.209 0.040

Metformin 20.598 (21.155 to 20.0407) 0.550 (0.315–0.960) 4.424 0.035

PSA, prostate-specific antigen; BMI, body mass index. The 95% confidence intervals are presented in parentheses. The P values that are <0.05 are highlighted

in bold fonts.
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diabetic prostate cancer patients as well as metformin. This
difference in impact of different classes of antidiabetic
pharmacotherapy on cancers originating in different tissues/
organs is likely due to fundamental differences in the tumor
biology of malignancies originating from different tissues.

Metformin [36] and the AMP analogue, AICAR [37] inhibit
prostate cancer cell lines through the impact of AMPK on the
protein kinase B (AKT)/mTOR signaling pathway.
Thiazolidinediones inhibit prostate cancer cells and down-
regulate PSA [38, 44]. Up-regulation of phosphatase and tensin
homolog gene expression by PPARc can regulate cell
proliferation and apoptosis through interaction with the
insulin-like growth factor-I receptor/AKT/mTOR signaling
pathway at multiple points [46]. Our results provided the first
clinical evidence that both metformin usage and
thiazolidinediones usage were associated with improved overall
survival of diabetic prostate cancer patients. However, our
patient cohort has too few patients that were taking both
metformin and thiazolidinediones to adequately assess the
impact of this drug combination on prostate cancer. Other
limitations of our retrospective study included: (i) that close to
one-third of the patients resided outside our city and received
most of the diabetes care from their local physicians and
(ii) that the majority of patients died while under the care of
physicians outside our institution. Therefore, reliable records of
long-term diabetes control (i.e. HbA1c) and reliable
determination of causes of death were not available in enough
number of cases for further analyses. Cardiovascular disease
and cancer are the two leading causes of death for this age
group. Since rosiglitazone may increase the risk of
cardiovascular events and mortality [47], the survival benefit of
thiazolidinediones in diabetic prostate cancer patients is likely
to be due to a beneficial impact on prostate cancer-specific
mortality. Future randomized prospective clinical trials are
necessary to confirm the survival benefits of metformin and
thiazolidinediones, alone or in combination, for prostate
cancer.

Thus far, early phase clinical trials with thiazolidinediones in
prostate cancer have mixed results: troglitazone stabilized PSA
in advanced prostate cancer patients [38] versus no impact by
rosiglitazone on the PSA doubling time or time to disease
progression in early-stage prostate cancer with a rising PSA but
no radiological evidence of metastasis [39]. These seemingly
discordant results may be explained by the difference in the stage
of disease. Bone metastases are almost inevitable in advanced
prostate cancer. Prostate cancer cells influence bone homeostasis
by paracrine factors (e.g. platelet-derived growth factor, bone
morphogenic proteins, transforming growth factor-a, etc.) that
regulate osteoblasts and by secreted factors that modify growth
factors in the bone microenvironment (e.g. PSA) [48]. The
canonical Wnt–b-catenin pathway inhibits transcription of
PPARc, whereas the non-canonical pathway activates a histone
methyltransferase to methylate PPARc target genes to repress
PPARc transactivation. Osteoblast differentiation is inhibited by
PPARc, and thiazolidinediones are PPARc agonists that favor
differentiation of mesenchymal stem cells into adipocytes
instead of osteoblasts [49]. It is highly probable that the survival
benefit of thiazolidinediones in diabetic prostate cancer patients
is at least in part mediated by disrupting the interaction between

metastatic prostate cancer cells and stromal cells in the bone
microenvironment. It is very important that future
interventional trials will recruit the patient population that will
most likely benefit from these agents.

Our study has an important implication for the clinical
management of DM2 in prostate cancer patients. In the absence
of contraindications for metformin and thiazolidinediones,
these two classes of antidiabetic pharmacotherapy may be
preferred over other classes. Moreover, many prostate cancer
patients who are receiving short-term [50] or long-term
androgen-deprivation therapy [51] are at risk for developing
insulin resistance and hyperglycemia (i.e. DM2 [52]), and
thiazolidinediones may be useful in the treatment of DM2
precipitated by androgen-deprivation therapy with leuprolide
in prostate cancer patients [53]. More research will be necessary
to confirm our findings and hopefully will change the standard
of clinical management of DM2 for diabetic prostate cancer
patients.
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