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Abstract
Background
Prostate cancer is one of the most common cancers among men worldwide and the fourth most common cause of death. The number of prostate cancer cases and deaths is increasing every year because of population aging. This study aimed to clarify the risk of developing prostate cancer due to fluctuations in Prostate Specific Antigen (PSA) levels in patients without a history of prostate cancer using large medical information data.

Results
This retrospective cohort included 1707 male patients aged 60 years or older who had a PSA level measurement date (2-PSA) within 3 months or more and 2 years from the first PSA level measurement date (1-PSA) in the database between 2008 and 2019. We subtracted 1-PSA from 2-PSA and designated patients with a higher 2-PSA than 1-PSA to the “up” group (n = 967) and patients with a lower 2-PSA than 1-PSA to the “down” group (n = 740). By using Cox proportional hazards model, a significant increase in prostate cancer risk was observed in the up group compared with the down group (adjusted hazard ratio [HR] = 1.82, 95% confidence interval [CI] = 1.21–2.72; adjusted for patient background factors). Subgroup analysis showed that patients with PSA levels < 4 ng/mL had a significantly increased risk of developing prostate cancer if the next PSA level increases by approximately 20% (adjusted HR = 2.94, 95% CI = 1.14–7.58), and patients with PSA levels of 4 ng/mL or higher if the next PSA level is decreased by approximately 20% had a significantly reduced risk of developing prostate cancer (adjusted HR = 0.36, 95% CI = 0.18–0.74), compared to that with no change.

Conclusions
This is the first study to clarify the association between PSA variability and risk of developing prostate cancer in patients without a history of prostate cancer. These results suggest that the suppression of elevated PSA levels may lead to the prevention of prostate cancer and that it would be better to perform a biopsy because the risk of developing prostate cancer may increase in the future if the PSA value increases above a certain level.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s41021-023-00280-7.
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Introduction
In 2020, prostate cancer was the second most common cancer among men worldwide and the fourth most common cause of death [1, 2]. The number of prostate cancer cases and deaths is increasing every year because of population aging [2–4]. In Japan, the number of patients with prostate cancer was the highest among male cancers in 2021 [5], and the age-adjusted incidence rate is increasing year by year [6]. The prevention of prostate cancer is an urgent issue in the future.
Prostate Specific Antigen (PSA) is a tumor marker for prostate cancer. PSA is an enzyme produced by the prostate gland and is detected in the blood under normal conditions; however, its concentration in the blood is known to be increased in prostate cancer and benign prostatic hyperplasia (BPH) cases [7, 8]. Prostate cancer screening using PSA is the first step for early detection, and the cut-off value for PSA testing has been set at 4.0 ng/mL in Japan [9]. Patients with PSA levels above the cut-off are advised prostate biopsy for a definitive diagnosis [9]. The higher the PSA level, the higher the rate of prostate cancer detection on biopsy [10].
An elevated PSA level after radical total prostatectomy or radical radiotherapy for prostate cancer is considered a biochemical recurrence [9, 11–14]. However, few studies have examined whether subsequent increase in PSA levels among patients with PSA levels below 4.0 ng/mL increase the risk of developing prostate cancer. There is also insufficient evidence regarding the incidence of subsequent prostate cancer in patients with a PSA level ≥ 4.0 ng/mL on their first PSA test but do not have prostate cancer. The current study aimed to clarify the risk of developing prostate cancer due to fluctuations in PSA levels in patients without a history of prostate cancer using a large medical information data.

Materials and methods
Database and study population
We used a large Japanese claim database of 28.44 million people held by Medical Data Vision Corporation (MDV). The database included data on healthcare costs, prescription drugs (date, dosage, days prescribed), attributes (e.g., age and sex), disease names coded by the International Classification of Disease 10th Revision (ICD-10), and laboratory data (PSA values). Prescribed drugs were coded according to the World Health Organization Anatomical Therapeutic and Chemical (ATC) classification.
A total of 2,066,100 men with at least 2 years of medical data from April 2008 to June 2019 and aged 60 years or older were included in this study. The exclusion criteria were patients who do not have a PSA level measurement date (2-PSA) within three months or more and two years from the first PSA level measurement date (1-PSA) in the database (Fig. 1), have no medical records for one year before the 1-PSA, were prescribed an antiandrogen drug (ATC group: gestanolone caproate G03DA01, chlormadinone G03DB06, allylestrenol G03DC01) before the 2-PSA, were diagnosed with prostate cancer or other cancers (ICD − 10 codes: C00-97) before the 2-PSA, and were diagnosed with prostatic-related disease (ICD-10 codes: N40-42,N510) before 2-PSA [15].
[image: ]
Fig. 1Study design
Note: 1-PSA, PSA value that exists for the first time in the database; 2-PSA, PSA value measured for the first time within three months or more and two years after 1-PSA
The PSA measurements “×” were not adopted because they met the exclusion criteria


This research was conducted by following the Declaration of Helsinki, and the study protocol was approved by the appropriate institutional review board of Tokyo University of Science (approval no. 19,029).

Patient characteristics
For the patient background of the covariates, age at 1-PSA and medical history (heart disease, peripheral vascular disease, cerebrovascular disease, hepatic disease, diabetes, renal disease, depression, and dyslipidemia) within one year before 1-PSA were obtained (Supplementary Table S1) [16–19].

Relationship between PSA values up-down and prostate cancer risk
To confirm PSA variability in each patient, we subtracted 1-PSA from 2-PSA and designated patients with a higher 2-PSA than 1-PSA as an up group and patients with a lower 2-PSA than 1-PSA as a down group. Next, we compared the risk of developing prostate cancer in the up group and down group. Subsequently, subgroup analyses were performed for the patients with 1-PSA and 2-PSA levels greater than or less than 4.0 ng/mL and the patients in the gray zone with 1-PSA between 4 and 10 [9].

Relationship between PSA value fluctuation rate and prostate cancer risk using cut-off values
The PSA value fluctuation rate (percentage change from 1-PSA to 2-PSA) was calculated as (2-PSA − 1PSA)/1-PSA. To calculate the cut-off value for the presence or absence of prostate cancer, the receiver operating characteristic (ROC) curves were generated using the PSA value fluctuation rate to calculate the cut-off value for patients with a PSA value fluctuation rate less than zero and greater than or equal to zero, respectively. The cut-off value that maximized the value of “Sensitivity − (1 - Specificity)” was calculated. Patients with a PSA value fluctuation rate above the cut-off value, calculated using only patients with a fluctuation rate of zero or more, were included in the increase group. Similarly, patients with a PSA value fluctuation rate below the cut-off value, calculated using only patients with a fluctuation rate of less than 0, were included in the decrease group. Patients who did not meet these conditions were selected as the reference group. The risk of prostate cancer in the increase and decrease groups was compared with that in the reference group. The subgroup analysis was then performed on the basis of 1-PSA values, with 1-PSA < 4.0 ng/mL, 1-PSA ≥ 4.0 ng/mL, and 4.0 ≤ 1-PSA < 10.0 ng/mL.

Study outcomes and follow-up
The primary outcome was a diagnosis of prostate cancer (ICD-10 code: C61). Follow-up was started the day after the 2-PSA. The end of follow-up was defined as the earliest of (1) event occurrence, (2) end of the study period (June 2019), and (3) censoring for loss to follow-up. Patients with follow-up of less than one month were excluded.

Statistical analysis
For the relationship between PSA values in the up and down groups and prostate cancer risk, Wilcoxon rank-sum tests were used to compare age, 1-PSA to 2-PSA period, 1-PSA, 2-PSA, and PSA value fluctuation rates of the up and down groups. The chi-square test was used to compare the medical history of the up and down groups. Up/down PSA values and the risk of developing prostate cancer were compared using Cox proportional hazards models to estimate crude and adjusted hazard ratios (HRs) and 95% confidence intervals (CIs). The adjustment factor was hepatic disease, which was significant in the comparison of age and background factors.
For the relationship between PSA value fluctuation rate and prostate cancer risk using cut-off values, the comparison of age between the reference group, increase group, and decrease group was performed by the steel test. The chi-square test was used for the comparison of medical history. PSA value fluctuation rate and prostate cancer risk were compared using Cox proportional hazards models to estimate crude and adjusted HRs and 95% CIs. The adjustment factors were age and depression, which were significant in the comparison of background factors. PSA value fluctuation rate and prostate cancer risk were compared using Cox proportional hazards models to estimate crude and adjusted HRs and 95% CIs. The adjustment factors were age and depression, which were significant in the comparison of background factors. A p-value < 0.05 was considered statistically significant. Statistical analysis was performed using SAS 9.4 (SAS institute, Cary, NC) and R software version 4.1.0 (The R Foundation for Statistical Computing, Vienna, Austria).


Results
Patient characteristics
The number of patients who had data on 2-PSA levels between 3 months and 2 years from 1-PSA during the study period was 28,539 patients in the MDV database (Fig. 2). After applying exclusion criteria, 1,707 patients were identified. The patient background is shown in Table 1. The median age was 73 years. Regarding medical history, hypertension was the most common at 57.2%, followed by dyslipidemia at 40%.
[image: ]
Fig. 2Exclusion flow
Note: 1-PSA, PSA value that exists for the first time in the database; 2-PSA, PSA value measured for the first time within three months or more and two years after 1-PSA


Table 1Patient characteristics


	Number of patients
	1,707

	Age (years)
	73 (61–95)

	Cardiovascular disease
	567 (33.2)

	Peripheral vascular disease
	312 (18.3)

	Cerebrovascular disease
	356 (20.8)

	Hepatic disease
	225 (13.2)

	Diabetes mellitus
	627 (36.7)

	Renal disease
	239 (14.0)

	Depression
	49 (2.9)

	Hypertension
	976 (57.2)

	Hyperlipidemia
	682 (40.0)


Values are expressed as numbers (%) or medians (range)




Relationship between PSA values up-down and prostate cancer risk
After subtracting 1-PSA from 2-PSA, and identifying the up and down groups, there were 967 patients in the up group and 740 patients in the down group. After comparing the up and down groups in terms of patient background, we found that the percentage of hepatic disease was significantly higher in the down group than in the up group (Supplementary Table S2). The evaluation period from 1-PSA to 2-PSA was significantly longer in the up group than in the down group. The 2-PSA was significantly higher in the up group than in the down group, and the 1-PSA was significantly higher in the down group than in the up group (Supplementary Table S3). The association between PSA values in up-down and the risk of developing prostate cancer is shown in Table 2. The number of patients who developed prostate cancer was 79 in the up group and 33 in the down group. The incidence of prostate cancer was 33.4 per 1000 person-years in the up group and 19.4 per 1000 person-years in the down group. After adjusting for covariates, the results of the Cox proportional hazards model showed a significantly higher risk of developing prostate cancer in the up group compared to the down group (adjusted HR = 1.82, 95% CI = 1.21–2.72).
Table 2Relationship between PSA value changes and prostate cancer risk


	Group
	Total follow-up
duration
(person-years)
	No. of
prostate cancer
cases
	Incidence rate of prostate cancer
(case/1,000 person-years)
	Unadjusted HR
(95% CI)
	 	Adjusted HR (95% CI)
	 
	Up
(n = 967)
	2,369
	79
	33.3
	1.79
(1.20–2.69)
	**
	1.82
(1.21–2.72)
	**

	Down
(n = 740)
	1,704
	33
	19.4
	1
	 	1
	 

Adjusted for age, past medical history (hepatic disease)
**p < 0.01
Note: HR: hazard ratio; CI: confidence interval



The subgroup analysis of PSA levels divided into groups of ≥ 4.0 ng/mL and < 4.0 ng/mL showed that patients with 1-PSA ≥ 4.0 ng/mL (groups a, d, and e) and those with 1-PSA < 4.0 ng/mL but with 2-PSA ≥ 4.0 ng/mL (group b) had a significantly higher incidence of prostate cancer than those with 1-PSA and 2-PSA of < 4.0 ng/mL (group f) (Supplementary Table S4). As a result of subgroup analysis by 1-PSA value, in patients with 4.0 ng/mL ≤ 1-PSA < 10.0 ng/mL, the incidence of prostate cancer was significantly higher in patients with elevated 2-PSA (groups i and ii) than in those with PSA falling below 4.0 ng/mL (group iv) (Supplementary Table S5).

Relationship between PSA value fluctuation rate and prostate cancer risk using cut-off values
After ROC analysis to calculate the cut-off value of PSA fluctuation rate on the basis of the presence or absence of prostate cancer, the cut-off values was − 0.176 for patients with a PSA value fluctuation rate < 0 and was 0.180 only for patients with a PSA value fluctuation rate ≥ 0. Patients were divided into three groups on the basis of these cut-off values of the PSA value fluctuation rate: The increase group consisted of patients who had a PSA values fluctuation rate ≥ 0.180 (patients with 2-PSA ≥ 18.0% higher than 1-PSA), the decrease group consisted of patients who had a PSA values fluctuation rate ≤ -0.176 (patients with ≥ 17.6% decline in 2-PSA compared with 1-PSA), and the reference group consisted of patients with PSA value fluctuation rate < 0.180 and greater than − 0.176 (patients with no or little change between 1-PSA and 2-PSA). The number of patients was 475, 318, and 914 among the increase, decrease, and reference groups, respectively. There was a significant difference in the proportion of patients with depression in the three groups (Supplementary Table 6). The PSA value fluctuation rate and the risk of developing prostate cancer are shown in Table 3. The number of patients who developed prostate cancer was 41 in the increase group, 60 in the reference group, and 11 in the decrease group. The incidence of prostate cancer was 36.1 per 1000 person-years in the increase group, 27.2 per 1000 person-years in the reference group, and 15.0 per 1000 person-years in the decrease group. After adjustment for covariates, Cox proportional hazards models showed no significant difference in the risk of prostate cancer in the increase group compared with the reference group (adjusted HR = 1.34, 95% CI = 0.90–1.99). After adjusting for covariates, the Cox proportional hazards models showed no significant difference in the risk of prostate cancer in the decrease group compared with the reference group (adjusted HR = 0.56, 95% CI = 0.30–1.07).
Table 3Relationship between PSA value fluctuation rate and prostate cancer risk


	1-PSA
	Group
	Total of
follow-up
period
(person-years)
	No. of
onset of
prostate cancer
(case)
	Incidence rate of prostate cancer
(case/1,000
person-years)
	Unadjusted HR
(95% CI)
	 	Adjusted HR
(95% CI)
	 
	All
	Increase
 (n = 475)
	1135
	41
	36.1
	1.32
(0.89–1.97)
	 	1.34
(0.90–1.99)
	 
	Reference
 (n = 914)
	2205
	60
	27.2
	1
	 	1
	 
	Decrease
(n = 318)
	733
	11
	15.0
	0.55
(0.29–1.04)
	 	0.562
(0.30–1.07)
	 
	4 ng/mL > 1-PSA
	Increase
 (n = 361)
	955
	11
	11.5
	2.91
(1.13–7.51)
	*
	2.94
(1.14–7.58)
	*

	Reference
(n = 656)
	1781
	7
	3.9
	1
	 	1
	 
	Decrease
 (n = 214)
	517
	2
	3.9
	0.98
(0.20–4.72)
	 	0.94
(0.20–4.53)
	 
	4 ng/mL ≤ 1-PSA
	Increase
(n = 114)
	180
	30
	166.6
	1.36
(0.87–2.14)
	 	1.43
(0.91–2.26)
	 
	Reference
(n = 258)
	424
	53
	125.0
	1
	 	1
	 
	Decrease
(n = 104)
	216
	9
	41.7
	0.35
(0.17–0.71)
	**
	0.36
(0.18–0.74)
	**

	4 ng/mL ≤ 1-PSA < 10 ng/mL
	Increase
(n = 97)
	166
	20
	120.4
	1.18
(0.69–2.03)
	 	1.31
(0.75–2.26)
	 
	Reference
 (n = 222)
	373
	38
	101.9
	1
	 	1
	 
	Decrease
(n = 70)
	161
	4
	24.9
	0.26
(0.09–0.73)
	*
	0.27
(0.10–0.76)
	*


Adjusted for age, past medical history (hepatic disease)
**p < 0.01, *p < 0.05
Note: HR: hazard ratio; CI: confidence interval; 1-PSA: PSA value that exists for the first time in the database



Subgroup analysis showed that patients with a 1-PSA of less than 4.0 ng/mL had a significantly increased risk of developing prostate cancer in the increase group compared with the reference group (adjusted HR = 2.94, 95% CI = 1.14–7.58). Patients with a 1-PSA ≥ 4.0 ng/mL had a significantly lower risk of developing prostate cancer in the decrease group than in the reference group (adjusted HR = 0.36, 95% CI = 0.18–0.74). Patients with a 1-PSA between 4.0 and 10.0 ng/mL had a significantly lower risk of developing prostate cancer in the decrease group than in the reference group (adjusted HR = 0.27, 95% CI = 0.10–0.76).


Discussion
In this study, the analysis of a large medical information data suggested that in patients without a history of prostate cancer and patients with PSA levels higher than the first measured PSA level had a significantly increased risk of developing prostate cancer compared with those with PSA levels lower than the first measured PSA level. Furthermore, among patients with a 1-PSA < 4.0 ng/mL, those with an increase of 18% or more from 1-PSA to 2-PSA had a significantly higher risk of developing prostate cancer than those with no changes between 1-PSA and 2-PSA. Among patients with a 1-PSA ≥ 4 ng/mL, those with a decrease of approximately 18% or more from 1-PSA to 2-PSA had a significantly lower risk of developing prostate than those with no change between 1-PSA and 2-PSA. To date, PSA values have been used to determine prostate biopsy performance by using factors such as PSA > 4 ng/mL, PSA free/total ratio, PSA density, and PSA doubling time [20–23]. In the current study, when the level of PSA value was set to 4 ng/mL and after clarifying the subsequent increase and decrease in PSA dynamics, a significant difference in the incidence of prostate cancer was observed. We believe that the findings obtained in our study will enable non-specialists to more easily make decisions regarding referrals to a specialist.
Elevation in blood PSA levels might be a two-step process. The first is the promotion of PSA transcription. The androgen receptor (AR) of the prostate gland is translocated to the nucleus when dihydroxy testosterone binds. Thereafter, the ARs bind to androgen-responsive elements in the promoter regions of target genes, thus promoting the transcription of PSAs [24]. The second is the leakage of PSA into the blood vessels. The loss of glandular structure in the prostate gland due to prostate cancer or BPH allows PSA to enter the surrounding blood vessels [7, 8]. The process of prostate cancer development and malignant transformation is due to the overexpression of androgen-responsive genes in the PSA transcription-promoting cascade [25–29]. These support the findings of this study because elevated PSA levels are associated with an increased risk of prostate cancer.
For patients with 1-PSA < 4.0 ng/mL, an increase in 2-PSA of 18% or more over 1-PSA was associated with a significantly increased risk of developing prostate cancer compared with the group with no PSA variation (Table 3). The incidence of prostate cancer when 1-PSA is less than 4.0 ng/mL is 6.1 per 1000 person-years (calculated using the incidence rate of prostate cancer of group c and f in Supplementary Table S4 [data not shown]), and the incidence of prostate cancer when 2-PSA is higher than 1-PSA is 66.9 per 1000 person-years, which is approximately 10 times higher (Supplementary Table S4). Even if the 1-PSA is less than 4.0 ng/mL, a biopsy should be considered in case of an increase of 18% or more, as the risk of developing prostate cancer increases approximately threefold (Table 3).
For patients with 1-PSA > 4.0 ng/mL, a decrease in 2-PSA of approximately 18% or more was associated with a significantly lower risk of developing prostate cancer. Although a lower PSA level after radical treatment is associated with a better prognosis in patients with prostate cancer [9, 14], the current study is the first study to show that decreasing 2-PSA compared with 1-PSA in patients without a history of prostate cancer decreases the risk of prostate cancer. The detection rate of prostate cancer in Japanese subjects with PSA levels ≤ 2.0, 2.1–4.0, 4.0–10.0, and ≥ 10.0 ng/mL is 4.6%, 8.6%, 15.8%, and 59.5%, respectively; however, the specificity is not high [10]. In particular, there are concerns about the impaired quality of life due to excessive testing in gray zone patients with PSA levels of 4.0 to 10.0 ng/mL [9]. Therefore, in patients with 1-PSA levels in the gray zone, biopsies may be better performed in those patients whose 2-PSA did not decrease.
This research had several limitations. First, the PSA levels in this study were measured at the hospital; therefore, it is possible that many patients may have been tested because their doctors suspected they had prostate cancer. The results of this study may not be directly applicable to PSA values obtained from health examinations. The incidence of prostate cancer in Japan is reported to be 3.2 cases per 1000 person-years in men aged 65–69 years and 5.2 cases per 1000 person-years in men aged 70–74 years [5]. This is generally consistent with the incidence of prostate cancer in the patient group with an initial PSA < 4.0 ng/mL in the current study. Therefore, the analysis using this database might be valid. Second, we excluded patients who were prescribed antiandrogens, which are known to affect PSA levels. Other drugs that may affect PSA are unknown. Third, patients with a history of BPH and cancers other than prostate cancer were excluded from this study. Although BPH increases PSA levels, there is controversy over whether it is a risk factor for prostate cancer [29, 30]. A similar adjusted HR was obtained when other cancer types and prostatic hyperplasia were not excluded (data not shown). Fourth, in the current study, we considered the patient’s age and medical history as covariates, but other factors that affect PSA value, prostate cancer, and BPH cannot be considered covariates because we could not obtain them from big data. Genetic and environmental factors are known to influence PSA value, prostate cancer, and BPH. Regarding genetic factors, we reported that the prevalence of mutations in homologous recombination repair pathway genes in Japanese patients with metastatic castration-resistant prostate cancer was 35.7% [31]. Germline mutations and somatic mutations in BRCA1 and BRCA2 gene mutations account for approximately 6–7% each in prostate cancer; however, they do not strongly affect PSA values [31]. Although studies have been conducted on the genomic analysis of BPH, there is still no unified view [32, 33]. Regarding environmental factors, studies indicated that diet, obesity, smoking, and exercise are associated with the development of prostate cancer [34–36], and similar reports have been published for BPH [37, 38]. Although PSA values increase with age, there is no consensus regarding the influence of other environmental factors [39]. Another factor that affects prostate cancer development is the comorbidity of BPH [40–42]. Further studies are needed to evaluate the effect of BPH on prostate cancer.
The association between changes in PSA levels and the development of prostate cancer in patients without a history of prostate cancer showed that the probability of developing prostate cancer increased in patients with PSA levels higher than first measured using a large medical information database. In addition, even in patients with PSA level < 4.0 ng/mL, if the next PSA level increases by approximately 20%, our findings suggested that it would be better to perform a biopsy because the risk of developing prostate cancer may increase in the future. Furthermore, even in patients with PSA level ≥ 4.0 ng/mL, it was suggested that the risk of developing prostate cancer may be reduced if the following PSA levels are decreased by approximately 20%. These results suggest that the suppression of elevated PSA levels may lead to the prevention of prostate cancer. Therefore, the findings of this study may help clinicians better predict the risk of developing prostate cancer and employ preventive strategies.
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