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Abstract

Purpose—Several studies have examined the association between diabetes mellitus (DM) and
prostate cancer (PCa) risk and progression, however nearly all of these studies have compared
diabetic vs. non-diabetic men. We sought to investigate the role of glycemic control, as measured
by HbAlc, on PCa aggressiveness and prognosis in men with DM and PCa from the Shared Equal
Access Regional Cancer Hospital (SEARCH) database.

Methods—We identified 247 men in SEARCH with DM and a recorded HbA1c value twelve
months prior to radical prostatectomy between 1988 and 2009. We divided men into tertiles by
HbA1c level. The association between HbALc tertiles and risk of adverse pathology and
biochemical recurrence were tested using multivariate logistic regression and Cox proportional
hazards models, respectively.

Results—Median HbA1c level was 6.9. On multivariate analysis, HbA1c tertiles were predictive
of pathological Gleason score (p-trend=0.001). Relative to the first tertile, men in the second (OR
5.90, p=0.002) and third tertile (OR 7.15, p=0.001) were more likely to have Gleason score > 4+3.
HbA1c tertiles were not associated with margin status, node status, extracapsular extension or
seminal vesicle invasion (all p-trend>0.2). In the multivariate Cox proportional hazards model,
increasing HbALc tertiles were not significantly related to risk of biochemical recurrence (p-
trend=0.56).

Conclusion—Men with higher HbAlc levels presented with more biologically aggressive
prostate tumors at radical prostatectomy. Although risk of recurrence was unrelated to HbAlc
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levels, further studies are needed to better explore the importance of glycemic control on long-
term outcomes in diabetic men with PCa.
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Introduction

Methods

Diabetes mellitus (DM) is one of the most prevalent chronic diseases in the United States,
affecting nearly 24 million Americans, or 7.8 percent of the population.(1) A growing body
of epidemiology literature suggests that DM increases the risk of various malignancies,(2)
with a particular emphasis on pancreatic,(3) bladder,(4) endometrial,(5) breast,(6) and
colorectal cancer.(7) Meanwhile, the association between DM and risk of prostate cancer
(PCa) — the most common malignancy in American men(8) — appears to exhibit an opposite
trend. Two recent meta-analyses suggest an inverse relationship between DM and PCa risk,
with diabetic men having a lower risk of developing PCa than their non-diabetic peers.(9,10)
In two separate studies, Basara et al. and Baradaran et al. observed the same trend, with a
greater reduction of PCa risk in men with longer standing DM diagnoses.(11,12)

Equally important is the question of whether DM is associated with PCa aggressiveness and
prognosis. A recent study of the SEER population found no association between DM and
disease aggressiveness, which included pathological Gleason score and local vs. regional
disease.(13) Similarly, a CaPSURE study found no association between DM diagnosis and
either disease aggressiveness or biochemical recurrence after radical prostatectomy (RP).
(14) Contrarily, a prior study from the SEARCH database found that while DM was not
associated with biochemical recurrence after RP, men with DM had over a 70 percent higher
risk of high-grade disease (OR 1.73, IQR 1.22-2.45, p=0.002) and seminal vesicle invasion
(OR 1.73, IQR 1.04-2.90, p=0.04) compared to men without DM.(15)

While several studies of PCa risk and prognosis among diabetic vs. non-diabetic men exist
in the literature, there is a relative shortage of information on the association between PCa
risk and prognosis within a cohort of diabetic men. This is perhaps a more compelling
research question, as it is reasonable to suggest that prostate tumors that arise despite the
protective milieu afforded by DM possess unique clinical features. In short, we are aware of
only one study that has investigated the severity of DM — using HbA1c as a proxy — on the
aggressiveness of prostate cancer. Hong et al. compared pre-RP HbAlc levels with several
measures of disease aggressiveness and observed that elevated HbAlc predicted higher
pathological Gleason score and extraprostatic tumor extension even after adjusting for body
mass index (BMI).(16) This study was limited, however, in its small sample size (n=89) and
atypically homogeneous population of South Korean men. Moreover, the study did not
address the clinical outcome of disease recurrence. We therefore sought to validate these
findings in the SEARCH database, utilizing a larger number of subjects from a more diverse
population. To our knowledge, this is the first study to test the association between HbAlc
level and PCa progression.

Study Population

After obtaining institutional review board approval from each institution, data were
collected from 2,123 men who underwent RP between 1988 and 2009 at four Veterans
Affairs Medical Centers (West Los Angeles and Palo Alto, CA; Augusta, GA; Durham, NC)
and compiled into the SEARCH database. This database excludes men who received pre-
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operative hormone therapy or radiation therapy. Within this population, we identified a
cohort of 349 men with a confirmed diagnosis of DM at the time of RP. Data on the diabetic
status of study subjects were ascertained from medical records and based on clinical
diagnosis from an evaluating physician. Of these men, 247 had a recorded HbA1c level
within the twelve months prior to undergoing surgery.

Clinical and Pathological Variables

We divided the 247 men in our cohort into tertiles by HbAlc level, with limits of <6.3, 6.3
7.7, and > 7.8. Metformin usage was obtained from medical records and determined from
the year preceding surgery. Patient age and year of surgery were defined at the time of RP
and evaluated as continuous variables. BMI was abstracted from pre-operative height and
weight. Center and race were defined as categorical variables, with race including white,
black, and other. Prostate-specific antigen (PSA) (ng/mL) values were obtained from the
measurement closest to the date of, but preceding RP. Extracapsular extension, surgical
margin status, seminal vesicle invasion, and lymph node metastasis were determined at the
time of surgery. Gleason score was obtained from the surgical specimen and placed into one
of three categories: < 6, 3+4, and > 4+3. Biochemical recurrence was defined as a single
PSA value >0.2ng/mL, two values of 0.2ng/mL, or secondary treatment for an elevated post-
operative PSA.

Statistical Analysis

Results

The Stata® 10 software package (StataCorp; College Station, TX) was used for all statistical
analysis. The distribution of demographic and clinicopathological characteristics among the
HbA1c tertiles was performed using x2, ANOVA, and Kruskal-Wallis test, as appropriate.
Normally-distributed variables were described using means with standard deviations, and
non-normally-distributed variables were described using medians with interquartile ranges.
All P values were 2-sided with a threshold of p < 0.05 for statistical significance. The
association between HbAc tertiles and risk of binary adverse pathological features
(Gleason > 4+3; extracapsular extension, seminal vesicle invasion, and lymph node
positivity) and biochemical recurrence were tested using a multivariate logistic regression
and multivariate Cox proportional hazards model, respectively. Controlling variables
included age, race, center, BMI, PSA, and metformin usage. P-trends were calculated by
assigning all members of a HbAlc tertile the median HbAlc value of that respective tertile.
All regression analyses were then recalculated with HbAlc as a continuous variable.

The median HbAlc level for the entire cohort of men was 6.9 (IQR: 6.1-8.1). Mean age was
62 * 6 years. The majority of men were black (48%) or white (44%), with a small minority
of other races (8%). Mean BMI was 30.1 + 4.5 kg/m?.

On univariate analysis (Table 1), HbALc tertiles were not associated with the pre-operative
characteristics of age, race, center, BMI or PSA (all p>0.1). Men in the third HbA1c tertile
underwent RP earlier (2002) than men in the first two tertiles (2004) (p=0.006). On
examination of post-operative characteristics, increasing HbAlc tertiles were associated
with a higher pathological Gleason score: 11 percent of men in the first tertile had > 4+3
disease, compared to 28 percent of men in the second tertile and 31 percent of men in the
third tertile (p=0.006). HbAlc tertiles were not associated with surgical margin status,
seminal vesicle invasion, or lymph node metastasis (all p>0.2). There was a non-significant
trend (p=0.14) towards extracapsular extension with increasing HbA1c tertile, with 16, 25,
and 29 percent of men in the tertiles, respectively, having extracapsular extension of tumor.
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On multivariate analysis (Table 2), HbAlc tertiles were an independent predictor of higher
pathological Gleason score (p-trend=0.001) (Table 2). Relative to men in the first tertile,
men in the second tertile (OR 4.68, 95% CI 1.68-13.04) and third tertile (OR 6.60, 95% ClI
2.28-19.08) were significantly more likely to have a pathological Gleason score > 4+3. In
additional analyses, increasing HbAlc tertiles were not significantly associated with
extracapsular extension, surgical margin status, seminal vesicle invasion, or lymph node
metastasis (all p-trend>0.2).

Overall, HbAlc tertiles were not significantly associated with time to biochemical
recurrence (log-rank, p=0.39, Figure 1). After adjusting for multiple pre-operative features,
HbA1c tertiles remained not significantly associated with biochemical recurrence (p-
trend=0.56). When examined individually, relative to the first tertile, men in the second
(HR=1.46, CI=0.81-2.62, p=0.21) and third tertiles (HR=1.28, C1=0.68-2.38, p=0.45) had
similar risks of biochemical recurrence.

Discussion

Although DM has been implicated as a risk factor for several malignancies,(2) studies
suggest that men with DM have a reduced risk of developing PCa.(9,10,12) A number of
theories exist to explain this protective phenomenon, but the most prevalent argues that DM
may lower PCa risk through a reduction of essential serum growth factors — insulin, insulin-
like growth factor (IGF-1), and testosterone.(17) Decreases in testosterone are accompanied
by a concomitant rise in estradiol levels independent of BMI,(17,18) which could explain
why DM paradoxically increases the risk of endometrial(5) and breast cancer(6) in women
while reducing the risk of prostate cancer in men.

Prior studies on the association between DM and PCa risk and prognosis have compared
diabetic vs. non-diabetic men. Given that DM is thought to be protective of PCa, we sought
to investigate various clinical and pathological features of PCa occurring in diabetic men
only, as this presented an opportunity to study a potentially unique tumor phenotype. In sum,
we investigated the association between HbAlc level and disease aggressiveness and
recurrence. We thus posed the question: how does glycemic control in diabetic men affect
the aggressiveness and prognosis of their PCa?

In our study of 247 men with DM and PCa, we observed that increasing HbAlc levels were
significantly associated with a greater risk of pathological Gleason score > 4+3. This
association remained after multivariate adjustment. In contrast, we did not find any
statistically significant association between HbALc tertiles and extracapsular extension,
positive surgical margins, seminal vesicle invasion, or nodal metastasis. Though given our
small sample size we can not rule out a moderate association with these other variables. We
cannot explain the statistically significant association between the third HbA1c tertile and
later year of RP. Multivariate adjustment for year of surgery, evaluated as either a
continuous or categorical variable, did not alter the statistically significant association
between increasing HbALc tertile and higher pathological Gleason score.

These observations partially validate the findings of Hong et al., who performed a similar
analysis in a smaller cohort (n=89) of South Korean men with DM and PCa. That study
found that men with HbAlc > 6.5 demonstrated a significantly higher rate of pathological
Gleason score > 7 and extraprostatic extension of tumor — defined as extracapsular
extension, seminal vesicle invasion, or nodal metastasis — compared to men with HbAlc <
6.5.(16) In the present study, we investigated three tertiles of HbAlc levels and found a
similar association between increasing HbAlc and higher pathological Gleason score. In
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contrast to the results presented by Hong et al., however, we did not observe a statistically
significant association between HbA1c level and extraprostatic extension of tumor.

Finally, we did not find a significant association between increasing HbA1c tertile and poor
prognosis, defined by biochemical recurrence. Although we did note that the hazard ratio for
recurrence among men in the higher HbALc tertiles was greater than 1.0 suggesting a slight
increased risk, this observation did not reach statistical significance. Yet again, however,
due to our small sample size, we cannot rule out the possibility of a modest, yet clinically
relevant, association between increasing HbA1c levels and PCa recurrence. As such, we
conclude that further investigation on glycemic control and PCa outcomes is warranted.

We can not fully explain why increasing HbA1c tertiles were associated with higher
pathological Gleason score. Given that DM produces an environment unfavorable to the
development of PCa, one possible explanation is that prostate tumors that do arise in
diabetic men are of a more aggressive phenotype — recapitulating a theme of natural
selection. Whether this increased selection pressure comes from reductions in serum
testosterone, insulin, or other hormonal influences requires further investigation. If this is
hypothesis is accurate, however, it may be the case that the selected tumors may grow even
more aggressive due to higher serum glucose levels reflective of poor glycemic control.

There is increasing evidence that DM, (17,18) and more importantly poor glycemic control,
is correlated with low serum testosterone. El-Sakka et al. observed that diabetic men with
low serum total testosterone were significantly more likely to have HbAlc values >7 than
diabetic men with normal total testosterone levels,(19) while Kapoor et al. reported that
testosterone replacement therapy significantly reduced HbAlc levels in diabetic men with
low testosterone.(20) Moreover, there are a number of reports suggesting that low
testosterone may serve as a marker of more aggressive PCa. Hoffman et al. showed that men
with low serum free testosterone were significantly more likely to have biopsy Gleason
scores > 8 than men with normal free testosterone,(21) and several studies have found that
low total testosterone levels are predictive of extraprostatic disease, although not
significantly predictive of biochemical recurrence.(22-24)

This study has several limitations. First, like any retrospective analysis, our study relies on a
reading of clinical notes and is therefore vulnerable to inaccuracies. This was particularly
the case in determining the DM status of our subjects, as this diagnosis is one of clinical
judgment by respective physicians. However, there is no reason to think that a man with
aggressive PCa would be more likely to have his physician determine that he has DM than a
man with non-aggressive PCa. Secondly, the SEARCH database is but a subset of the total
population of men with PCa. Men in SEARCH, by the virtue of the fact that they all
received RP at a VA medical center, are typically younger and healthier than the average
PCa patient. Finally, our study does not include subject data on serum insulin, IGF-1, or
testosterone levels, as these data are not part of the SEARCH database.

Conclusion

In men with DM and PCa, increasing HbA1c tertile was significantly associated with higher
pathological Gleason score. This observation confirms the findings of Hong et al. in a
smaller cohort of South Korean men,(16) although we did not observe a similar association
between HbA1c tertile and extraprostatic extension of tumor. Given that these findings have
now been validated in an external dataset, with greater power and racial heterogeneity, we
recommend further investigation to elucidate the biological mechanisms underlying this
phenomenon. We hypothesize that poorly controlled DM, as measured by high HbAlc,
produces an environment low in testosterone, thereby inhibiting the growth of low-grade
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PCa and selectively allowing the growth of more aggressive, high-grade PCa. This selection
pressure does not necessarily portend poorer prognosis, although more elaborate studies on
outcome are required.
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Figure 1.
Actuarial Kaplan-Meier estimates of biochemical recurrence rates of patients treated with
radical prostaectomy segregated by HbA1c tertiles (%). Log-rank, p=0.39.
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