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Abstract

Background: Rising prostate-specific antigen (PSA) levels are associated with both increased 

risk of prostate cancer and prostatic inflammation. The confounding effects of inflammation on the 

utility of PSA kinetics to predict prostate cancer may be partially mitigated by anti-inflammatory 

drug use. We investigated the influence of anti-inflammatory drug use on the association of PSA 

kinetics with prostate cancer risk.

Methods: We studied 488 prostate cancer case-control pairs (290 white, 198 African American 

(AA)) nested in a retrospective cohort of men with a benign prostate biopsy. A series of 

multivariable models estimated prostate cancer risk associated with PSA velocity (PSAV) at 

different levels of anti-inflammatory drug use while adjusting for the presence of both clinical and 

histologic prostatitis.

Results: In men with one, two, or three or more courses of anti-inflammatory drug use, for each 

ng/mL/year increase in PSAV, prostate cancer risk increased 1.21-fold, 1.83-fold, and 1.97-fold, 

respectively (P < 0.0001). In controls with histologic prostatitis, anti-inflammatory drug use was 

associated with a significantly lower PSAV (P < 0.0001). This association was not observed in 

men with histologic prostatitis who were subsequently diagnosed with prostate cancer. A positive 
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interaction between anti-inflammatory drug use and PSAV-associated prostate cancer risk was 

only observed in AA men, as well as a strong positive association between any anti-inflammatory 

drug use and clinical prostatitis (P = 0.004).

Conclusions: In men with benign prostate biopsy, accounting for the presence of histologic 

prostatitis and anti-inflammatory drug use, particularly in AA men, may help distinguish between 

men with rising PSA because of prostatitis vs undiagnosed cancer.
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1 | INTRODUCTION

It has been suggested that the rate of prostate-specific antigen (PSA) change over time, or 

PSA velocity (PSAV), may help in differentiating between men with prostate cancer from 

those with PSA elevation because of benign causes (eg benign prostatic hyperplasia (BPH) 

or prostatitis).1 However, the utility of PSAV as a predictor of subsequent prostate cancer 

has been questioned, and in several studies PSAV was not a better predictor of prostate 

cancer than the absolute value of PSA.2–4 A complex relationship exists among PSAV, 

cancer detection, BPH, and histologic prostatitis. Generally, in the absence of prostate 

cancer, PSA levels remain relatively constant. If any measurable PSAV exists, it can 

generally be attributable to an enlarging prostate gland because of BPH. With prostate 

cancer, PSA rises gradually and modestly, causing a sustained PSAV. In contrast, when the 

prostate is inflamed, particularly in the settings of acute prostatitis, PSA levels often increase 

dramatically and subsequently decrease after treatment with anti-inflammatory medications,
5 which will not have an effect on PSA rise because of prostate cancer.

The positive correlation between prostatic inflammation and circulating PSA levels 6 

confounds studies aimed at determining an inflammation-cancer causative association. In 

patients with a benign biopsy performed because of elevated PSA, either undetected cancer 

or prostatitis, often subclinical, may serve as plausible explanations for the elevated PSA. 

Anti-inflammatory medications, commonly used in older men, can reduce PSA levels7 and 

possibly reduce prostate cancer risk.8 In the United States, where PSA screening is the 

primary tool of prostate cancer detection and the use of anti-inflammatory drugs is common, 

it is difficult to determine whether the observed reduced prostate cancer risk among anti-

inflammatory medication users reflects a true causal disease link or is primarily a result of 

less prostate cancer detection.9,10

The potential modifying effects of race have not been considered in studies of PSAV, 

prostatic inflammation, and prostate cancer risk. African American men are at greater risk 

for prostate cancer11 and associations between prostatic inflammation and prostate cancer 

may vary by race. Histologic prostatitis and higher PSA levels may be more common in 

African American men with prostate cancer,12 but we found no racial differences in the 

prevalence of prostatic inflammation in benign prostate biopsies or transurethral resections.
13 Whether clinical prostatitis is a prostate cancer risk factor is unclear.14–16 In our recent 
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study, we found clinical prostatitis was associated with a lower prostate cancer risk in 

African American men.17 Evidence also exists of unequal PSA amounts between white and 

African American men with prostate cancer.18–20 while some have postulated that benign 

prostate tissue in African Americans may contribute more PSA to the circulation than that of 

Whites,21 when prostate weight and PSA hemodilution because of different body weights 

are accounted for,20 benign prostate tissue produces equal amounts of PSA in African 

American and white men.22

To increase the utility of PSA kinetics as a measure of prostate cancer risk, a better 

understanding of the effect of prostatic inflammation and concomitant anti-inflammatory 

drug use on longitudinal PSA changes in men with a subsequent cancer diagnosis and those 

who remained disease-free is needed. We address this question using a nested case-control 

design in a cohort of high-risk men with an initial benign prostate biopsy by testing how 

anti-inflammatory drug use modifies the association between prostatic inflammation, PSAV, 

and prostate cancer risk. We also investigate whether any joint associations of these factors 

with prostate cancer risk differs by race.

2 | MATERIALS AND METHODS

2.1 | Patient sample and medical data

After institutional IRB approval, we assembled a historical cohort of 6692 men with a 

benign prostate specimen collected between January 1990 and December 2002.13,17 

Eligibility criteria for the cohort included a recorded PSA level within a year of cohort entry 

and no history of a previous prostate cancer diagnosis. In this observational cohort, the date 

of cohort entry was defined as the date of the first benign prostate specimen in the Henry 

Ford Hospital pathology database that was collected after January 1990. For the present 

study, we further restricted the cohort to men with a benign prostate biopsy at cohort entry (n 

= 5432) excluding those with transurethral resection specimens. Using the “date of case 

diagnosis” as the date of first cancer-positive tissue biopsy or the date a clinician first 

reported a clinical diagnosis of prostate cancer, we identified 539 incident prostate cancer 

cases (Figure 1). Patients diagnosed with prostate cancer less than 1 year from the date of 

initial biopsy were ineligible for the study. Incidence density sampling with replacement was 

used to randomly select controls from all cohort members at risk at the time of case 

occurrence and one-to-one match them to cases on age at cohort entry (±2 years), date of 

cohort entry (±2 years), and race (African, American, or white). Controls were assigned a 

“reference date”, which corresponded to the date equal to the control’s cohort entry date plus 

the duration of time between the matched case’s cohort entry and diagnosis dates. Further 

restricting cases and controls to men with at least two PSA tests during follow-up resulted in 

a final analytic sample of 488 case-control pairs. Table 1 summarizes the analytic study 

population.

Clinical, demographic, and medication use data were abstracted from patients’ medical 

records 5 years before the date of cohort entry through the date of diagnosis (cases) or 

reference date (controls). Medical records were reviewed for any clinical note of 

“prostatitis” and information necessary to assign an NIH prostatitis category 23 was 

obtained. A “course” of anti-inflammatory drug use was defined as a notation of a patient 
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using an anti-inflammatory drug and was stratified into steroidal and nonsteroidal categories 

(A). The number of anti-inflammatory drug courses between cohort entry and diagnosis/

reference date was recorded and used as a semi-quantitative measure of anti-inflammatory 

drug exposure. The PSA level immediately before the initial benign biopsy was used as the 

baseline. Routine hematoxylin and eosin stained slides for all prostate biopsies at cohort 

entry were made and reviewed for the presence of inflammation by a single urological 

pathologist (ONK) blinded to outcomes.13

2.2 | Statistical analyses

Chi-squared tests were used to investigate associations between inflammation, clinical 

prostatitis, and anti-inflammatory drug use. A mixed effect model was used to analyze PSA 

change over time because the PSA level observation dates varied from subject to subject. A 

polynomial fit was used for PSAV curves to estimate the trajectories of PSA level changes 

from cohort entry to diagnosis/reference date. The SAS procedure PROC MIXED (SAS 

version 9.4; SAS Institute, Inc, Cary, NC) with the full maximum likelihood estimation 

method and quadratic order was used for model fitting. The difference of PSAV among 

groups was estimated for 10 years before diagnosis/reference date. A Cochran-Armitage 

trend test was used to assess for a linear relationship between prostate cancer risk associated 

with histological inflammation and exposure to anti-inflammatory drugs.

Conditional logistic regression analyses were used to estimate both unadjusted and adjusted 

odds ratios and confidence intervals for prostate cancer risk and to account for the one-to-

one matched design that controlled for age and race. Comparisons between the stratified 

models were assessed using a conditional logistic regression model that included interaction 

terms with the stratified variable that also allowed for estimates of stratified odds ratios.

3 | RESULTS

Ever use of steroids or nonsteroidal anti-inflammatory drugs (NSAIDs) was not associated 

with the presence of histologic prostatitis but both showed a strong association with clinical 

prostatitis (Table 2). These associations were observed to a greater degree in African 

Americans. For instance, 81.9% of AA men with a history of clinical prostatitis used 

NSAIDs, but NSAID use was observed in only 64.8% of AA men without clinical prostatitis 

(P = 0.003). Similar associations between clinical prostatitis and anti-inflammatory drug use 

were observed in white men.

The use of anti-inflammatory drugs did not show an association with prostate cancer risk 

either in the full or race-stratified samples (data not shown). We next investigated the joint 

association of anti-inflammatory drug use and PSAV with prostate cancer risk using a PSA 

velocity × anti-inflammatory use interaction term in a conditional logistic model that 

allowed for estimation of stratified odds ratios (Table 3). With greater exposure to anti-

inflammatory drugs, sustained PSAV was a stronger predictor of a subsequent prostate 

cancer diagnosis. The effect modification of anti-inflammatory drug use on PSAV as a 

prostate cancer risk factor was more profound and consistent in African Americans. For 

instance, for each ng/mL/year increase in PSAV, prostate cancer risk increased 1.32-fold in 

African American men with no anti-inflammatory drug use, but this risk increased to 4.67 in 
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African American men with three or more courses of anti-inflammatory drug use. In whites, 

only a marginally significant increase in the change of the PSAV odds ratio with increasing 

steroid use was observed (P = 0.06), but the PSAV odds ratio did not change appreciably 

between the lowest and highest level of NSAID exposure.

Figure 2A graphically shows the mixed model adjusted difference between PSAV in cases 

and controls stratified by anti-inflammatory drug use. Among cases, men with exposure to 

anti-inflammatory drugs had a higher PSAV compared with unexposed cases (P < 0.0001). 

The opposite was observed for controls, but the difference did not reach statistical 

significance (P = 0.09). Overall, PSAV in controls was much lower than in cases. A similar 

pattern for PSAV was observed when stratifying cases and controls by evidence of histologic 

prostatitis. Cases with histologic inflammation had a slightly lower PSAV than those without 

inflammation (Figure 2B; P = 0.14). When considering both histologic prostatitis and anti-

inflammatory use, we found that in men subsequently diagnosed with prostate cancer, PSAV 

was lowest among cases with histologic inflammation and no exposure to anti-inflammatory 

drugs (Figure 3A). The PSAV trajectory in these cases was significantly lower than cases 

without inflammation who used anti-inflammatory drugs (P = 0.05). Among controls 

(Figure 3B), stratifying by prostatic inflammation and anti-inflammatory drug use resulted 

in different PSAV trajectories with the greatest PSAV difference between men with prostatic 

inflammation who were and were not exposed to anti-inflammatory drugs (P < 0.0001).

Stratifying PSAV trajectories by race and case/control status, we found the presence of 

prostatic inflammation and anti-inflammatory drug use did not alter PSAV trajectories in 

white cases (Figure 4A), but in African American cases prostatic inflammation shifted PSAV 

upwards whereas anti-inflammatory drug use shifted it downwards (Figure 4C). Similar to 

the full sample, PSAV was lowest among African American cases with histologic prostatitis 

and no exposure to anti-inflammatory drugs and most different from African American cases 

without prostatic inflammation who used anti-inflammatory drugs (P = 0.08). Among white 

controls, histologic prostatitis and anti-inflammatory drug use did not significantly 

differentiate PSAV (Figure 4B), but in African American controls the opposite was true 

(Figure 4D). The largest difference was between men with histologic prosta-titis who were 

and were not exposed to anti-inflammatory drugs (P < 0.0001).

4 | DISCUSSION

We assembled a large matched case-control sample of men who were followed for a 

significant period of time to study the potential effect of anti-inflammatory drug use on PSA 

kinetics in men with a benign prostate biopsy who subsequently were either diagnosed with 

prostate cancer or remained disease-free. In both men diagnosed with cancer and those that 

remained disease-free, the use of anti-inflammatory drugs in the absence of prostatic 

inflammation did not significantly alter PSAV. Although 57.3% of men had histologic 

prostatitis, only 17.6% had documented clinical prostatitis with African Americans having a 

significantly higher prevalence than whites. As expected, men with symptomatic prostatitis 

used anti-inflammatory drugs significantly more often, but the presence of histologic 

prostatitis, often asymptomatic, was not associated with anti-inflammatory drug use. 

Frequency of anti-inflammatory drug use did not differ between cases and controls. 
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Stratifying by the presence of prostatic inflammation and anti-inflammatory drug use 

resulted in different PSAV trajectories among cases and controls. Cases without prostatic 

inflammation exposed to anti-inflammatory drugs showed the highest PSAV whereas the 

opposite group, men with prostatic inflammation unexposed to anti-inflammatory drugs had 

the highest PSAV in controls. These differences between cases and controls can be explained 

in the context of how inflammation and cancer jointly increase PSA levels. In cases, 

continuous PSA elevation was likely driven primarily by increasing cancer volume with less 

contribution by inflammation or anti-inflammatory drug use. In controls, where PSA 

elevation is often related to prostatic inflammation, both anti-inflammatory drug use and 

prostatic inflammation were associated with PSAV. Hence, accounting for both of these 

factors among men with a benign biopsy may provide the information needed to identify 

men at higher risk for subsequent cancer on the basis of their follow-up PSAV.

In our study, a sustained PSAV for men using anti-inflammatory drugs was a harbinger for a 

subsequent cancer diagnosis. In the full and race-stratified samples, the risk of prostate 

cancer progressively increased in patients whose PSAV was not diminished with increasing 

courses of anti-inflammatory drug use. NSAIDs had a slightly different modifying effect on 

the association of PSAV with prostate cancer by race. In whites, we could not demonstrate 

the alteration of cancer risk associated with PSAV regardless of the number of NSAID 

courses. African Americans with three or more NSAID courses had a nearly six-fold 

increase of prostate cancer risk for each ng/mL/year of PSAV. It is not clear if this 

dichotomy could be explained by an underlying physiological mechanism. Approximately 

85% of symptomatic white and African American men were treated with NSAIDs. Since 

African Americans with prostatic inflammation were symptomatic nearly twice as often as 

whites, NSAID treatment of the former could have effectively controlled PSA rise in men 

with prostatitis-related PSA elevation, whereas in whites NSAID administration occurred 

less often in the presence of clinical prostatitis.

Limited data exist regarding the effect of anti-inflammatory drug use on PSA kinetics and 

subsequent cancer risk in men with benign prostate biopsy with inflammation. Gallo et al5 

studied 70 pairs of Italian men with benign prostate biopsy with and without inflamma-tion. 

All men were given an intense three-month course of combined anti-inflammatory drugs 

with subsequent PSA measurement and repeat biopsy. Average PSA level declined from 7.2 

to 4.6 ng/mL in men with inflammation and only 7.2 to 7 ng/mL in those without – an 

observation similar to ours that in the absence of inflammation anti-inflammatory drugs do 

not significantly alter PSAV or PSA level. Although the design of Gallo et al5 study is 

different from ours, it highlights the utility of using profound decreases in PSA levels after 

anti-inflammatory drug therapy as a way to stratify men at high and low risk for prostate 

cancer. In our cohort, controls more often had histologic prostatitis. This group of men, who 

may be serially biopsied because of asymptomatic prostatitis-driven PSA elevation, was 

more likely to have an inverse association between PSAV and anti-inflammatory drug use.

Potts et al24 studied 122 patients with elevated PSA in whom evidence of asymptomatic 

prostatitis (NIH Category IV) was assessed by white blood cell count in expressed prostatic 

secretion. Seventy-one men without laboratory evidence of prostatitis were biopsied with 36 

(51%) showing cancer. Fifty-one had inflammation and after treatment, PSA decreased 
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below a biopsy threshold in 22 (43%). The cancer was detected in 9 of 29 (31%) biopsied 

men or 18% (9/51) of the entire cohort with inflammation. This observation was confirmed 

by a recent study where in nearly half of the patients with prostatitis, PSA decreased to 

below the biopsy threshold after a 4-week course of antibiotics and NSAIDs.25 These PSA 

alterations after a short-term therapy support our observations in men with up to 15 years of 

follow-up. The American Urological Association recommends early PSA screening in men 

with a family history of prostate cancer and in African American men. PSAV is often a 

decisive factor for prostate biopsy in these groups who often present with PSA below 4 

ng/mL. Given our and others’ observations, accounting for prostatitis (either clinical or 

subclinical in biological specimens, such as expressed prostatic secretion or tissue) and anti-

inflammatory drug therapy may help make a decision when original or repeat prostate 

biopsy is considered because of elevated PSA or sustained PSAV, particularly in African 

American men.

Our study had significant strengths including its nested case-control matched design, which 

accounted for temporal effects in clinical practice. We had a large, racially diverse study 

sample with long follow-up, and blinded focused pathology re-review. Most men underwent 

a sextant biopsy in contrast to at least 12-core biopsy currently used.26 Repeat biopsies were 

on the basis of clinical indications and no patients underwent MRI-targeted biopsy. We did 

not incorporate prostate volume or body mass index into analyses, which would have 

controlled for increasing gland volume over time or potential hemodilution effects, 

respectively.20 We did not analyze specific anti-inflammatory drugs but rather used broad 

drug groups as a variable. The medical record data used to determine anti-inflammatory drug 

use precluded having analyzable data on dose or duration, however, we used the number of 

medical chart notations as a surrogate for greater drug exposure. Our use of medical records 

likely resulted in an underestimate of anti-inflammatory drug use, with less complete data 

capture of non-prescription anti-inflammatory drug use.27 Because we matched on age, the 

main factor that appears to influence the accuracy of NSAID data in medical records,28,29 

anti-inflammatory drug use misclassification in our study is likely non-differential and 

would bias our effect estimates towards the null. The severity of prostatic inflammation was 

not factored in either, although most patients had mild inflammation.13 Finally, because our 

study was observational, PSA data were not evenly distributed across study participants and 

anti-inflammatory medication use was not randomly assigned. However, given the robust 

nature of our findings and the large numbers in the risk strata we studied, our results should 

be generalizable to men with an indication for prostate biopsy.

In summary, the greater duration of anti-inflammatory drug(s) exposure, the more utility 

sustained PSAV provides as a predictor of prostate cancer. Our study results suggest that 

monitoring anti-inflammatory drug use and PSAV may help differentiate men with elevated 

PSA because of prostatic inflammation from those who have underlying cancer, particularly 

in AA men. In patients with cancer, PSA will continue to rise irrespective of anti-

inflammatory drug use whereas men with elevated PSA because of prostatic inflammation 

may be prospectively identified by decreasing PSAV with anti-inflammatory drug use. 

Published evidence suggests that screening for asymptomatic prostatitis and its treatment 

may have merits at an original presentation of high-risk men.5,24,25 In men with benign 

prostate biopsy and rising PSA, accounting for the presence of prostatitis and use of anti-
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inflammatory drugs may help in the clinical use of the benign biopsy results or decision 

making when a repeat biopsy is considered.
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APPENDIX A

Non-Steroidal Anti-inflammatories used Steroids used

Advil Rezulin Advair Megace

Anaprox Salicylate Aerobid Nasacort AQ

Ansaid Salsalate Androgel Prednisone

Arthrotec Sulindac Avodart Pulmicort

Aspirin Tolectin Azmacort Rhinocort Aqua

Bextra Toradol Beclovent Testosterone

Cataflam Trilisate Beconase Triamcinolone Acetonide

Celebrex, ql Vicoprofen Celestone

Clinoril Vioxx Cortisol

Cox 2 Voltaren Cortisone

Daypro Zorprin Cortisporin

Diclofenac sodium Deca-Durabolin

Difenac Decadron

Disalcid Depo-Medrol

Doan’s pills Dermajet Kenalog

Dolobid Derma-Smoothe

Easprin Desonide Cream

Ecotrin Dexacort Turbinaire

Edecrin Dexamethasone

Feldene Dhea

Ibuprofen Dilacort

Indocin Diprolene

Indomethacin Diprosone cream

Ketoprofen Dosepak

Lodine Elocon

Meclomen Flonase

Motrin Florinef Acetate

Naprosyn Flovent

Naproxen Fludrocortisone Acetate

Norgesic Fluticasone

Orudis Halotestin

Oruvail Hydrocortisone
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Non-Steroidal Anti-inflammatories used Steroids used

Piroxicam Medrol
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FIGURE 1. 
Diagram depicting formation of the analytic nested case-control study sample. PSA, 

prostate-specific antigen
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FIGURE 2. 
PSA velocity from cohort entry until diagnosis (cases) or reference (controls) date stratified 

by case/control status and anti-inflammatory drug use (A) or presence of prostatic 

inflammation (B). NSAID, nonsteroidal anti-inflammatory drug; PSA, prostate-specific 

antigen [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3. 
PSA velocity between cohort entry and diagnosis (reference date) stratified by prostatic 

inflammation and anti-inflammatory drug use among prostate cancer cases (A) and controls 

(B). NSAID, nonsteroidal anti-inflammatory drug; PSA, prostate-specific antigen [Color 

figure can be viewed at wileyonlinelibrary.com]
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FIGURE 4. 
PSA velocity between cohort entry and diagnosis (reference date) stratified by prostatic 

inflammation and anti-inflammatory drug use among white cases (A) and controls (B) and 

African American cases (C) and controls (D). NSAID, nonsteroidal anti-inflammatory drug; 

PSA, prostate-specific antigen [Color figure can be viewed at wileyonlinelibrary.com]
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