STUDY OF PROSTATE SPECIFIC ANTIGEN, ALKALINE PHOSPHATASE AND

VITAMIN B12 IN PROSTATE CANCER

Abstract

Objective: This study aimed to find the relative risks of prostate cancer incidence associated
with screening by serum prostate-specific antigen (PSA), alkaline phosphatase (ALP) and
vitamin B12 levels.

Methods: Serum samples of 488 subjects above 40 years without treatment or puncture/rectal
examination were screened for PSA levels using Chemiluminescence. Prostate cancer cases and
control groups were analysed for vitamin B12 using Chemiluminescence and alkaline
phosphatase using fully automated chemistry analyser. The relation of ALP and Vitamin B12 to
levels of PSA in prostate cancer was examined.

Results: Incidence rate for the screening on the risk of prostate cancer by PSA levels and
metastasis involvement was significant. Out of 488 screened subjects, 347 were within normal
range according to age reference values, 30 were showing prostate cancer, and 111 were with the
high risk of metastasis. Results of the case-control analysis showed a positive correlation among
ALP and PSA levels and negative with vitamin B12.

Conclusions: Benefits of PSA screening varies with age group according to blood PSA levels.
For men with a PSA level in different age groups screening and treatment depends upon
individual decision, pain and clinical examination.
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Introduction:

Prostate cancer is a common malignant tumour in the urinary system with increased incidence
and mortality in recent years. In the nineteenth century, prostate cancer was described as a “very
rare disease”. It is now the most common male cancer and the second or third most common
cause of cancer-related death in men. Although knowledge of the aetiology of prostate cancer is
still an area of investigation, evidence of nutritional and dietary targets for primary prevention is
accumulating. In the review nutrition, dietary interventions and prostate cancer: the latest
evidence, Lin and colleagues provide an overview of recent literature on the possible influences
of diet and nutrients on prostate cancer outcomes [1].

PSA was first described in 1971 and purified in 1979 in seminal plasma and the prostate.
PSA is a single chain glycoprotein with 240 amino acids synthesised by the epithelial cells of
prostatic acini and ducts and is secreted as a normal constituent of seminal fluid [9]. Serum
prostate-specific antigen (PSA) level can, predict the lesion range of prostate cancer and is
essential for its early detection and follow-up; PSA and alkaline phosphatase (ALP) are
significant predictors for bone metastasis [2, 8]. PSA is a protein produced by both normal and
cancerous prostate cells, and a high PSA value can be a sign of cancer [4]. Compared to the bone
scan, serum markers showed advantages in their reproducibility, non-invasiveness, and relatively
low cost. Alkaline phosphatase (ALP) is essential predictors for bone metastasis. The folate-
mediated one-carbon metabolism, which involves B-vitamins as enzymatic co-factors, is
characterised by the transfer of methyl groups and has been hypothesised to affect carcinogenesis
by inducing epigenomic changes and influencing synthesis of DNA. Although some prospective
studies reported no association, vitamin B12 concentration has been associated with increased
prostate cancer risk [26, 27]. Interpretation of these findings is challenging because of the
heterogeneous nature of Prostate Cancer, with many tumours remaining small and asymptomatic

for long durations of time, whereas some develop into aggressive forms and are ultimately lethal



[26]. Due to lack of symptoms in the onset of prostate cancer as, most patients get their clinical
examination done when metastases symptoms are produced, lead to fracture and bone pain that
severely affect the quality of life and prognosis. Therefore the identification of risk factors, early
diagnosis and treatment of prostate cancer bone metastases is of great significance [3, 5, 6].

Material and Methods:

Screening of 488 subjects for serum PSA levels was done from January 2014 to
December 2016. Subjects of male gender above 40 years of age from O.P.D. and 1.P.D. of
Medicine, Surgery and Urology departments of Sir J. J. Group of Hospitals, Mumbai were
included in the study. Ethical Clearance approval was taken from the institutional ethics
committee of Grant Govt. Medical College and Sir J. J. Group of Hospitals, Mumbai and
informed consent along with details of patients were taken prior to the study. Subjects did not
receive treatment or puncture/rectal examination at least a week before blood collection.
Peripheral venous blood samples were collected in plain vacutainer, centrifuged and serum
sample was preserved at -80°C and processed. From the screened subjects, 30 cases with prostate
cancer having high serum PSA levels were selected along with 30 controls for the further study.
Estimation of PSA and Vitamin B12 levels was done by solid-phase sequential
Chemiluminescent immunometric assay (Chemiluminescence Immulite 1000) and Alkaline
Phosphatase (ALP) levels by fully automated chemistry analyser (ADVIA). Statistical evaluation

was done using ANOVA test using Minitab 17 software.

Results:

The age wise distribution of screened subjects showed a higher incidence of PSA levels in
individuals aged 50 years and above. The screened subjects were distributed according to the

different levels of serum PSA in relation to age (Table 1, 2).



In our study, 30 subjects in a different distribution of age groups above 40 years, those
with normal serum PSA levels were included in the control group, and high levels were further
classified according to PSA levels. 30 subjects with higher values of serum PSA with prostate
cancer were included in the case group. The levels of alkaline phosphatase were increased and
showed metastasis with the involvement of bones as the disease progresses. But vitamin B12
levels were within normal range in control as well as in patients with risk of prostate cancer.

Low levels were found as the disease progresses to prostate cancer.

The positive correlation was established between different PSA and Alkaline phosphatase
which was significantly increased in prostate cancer as compared to control. A negative
correlation was established between PSA and vitamin B12 (Table 3 and graph 1). This study
shows that as PSA and alkaline phosphatase increases leading to prostate metastasis and vitamin

B12 decreases as the disease progresses (Table 4 and graph 1)

Table 1: Age Wise Distribution of screened subjects

Age Groups (years) |21-40 |[41-50 |51-60 61—-70 | Above 70

No. of Men 14 25 126 225 98

Table 2: PSA levels distribution of screened subjects

PSA Levels <0.5 0.6-1.0 | 1.1-2.0 | 2.1-3.0 |3.1-40 |41-10 |10.1-50 | >50

(ng/ml)

No. of Men 56 95 99 54 44 86 40 14




Age of Men | 6339+ |60.11+ | 63.86+ | 64.93+ | 6498+ |65.10+ | 6453+ |63.86 +
(yrs) Mean £SD | 10.65 | 10.06 9.18 9.49 7.97 7.37 10.72 10.63
PSA (ng/ml) 031 £[0.72+ | 145+ |243+ 3.50+ 6.24 + 16.79+ | 108.71
Mean + SD 0.13 0.13 0.28 0.32 0.31 1.70 6.34 +35.01

Table 3: Age, PSA, Alkaline Phosphatase and Vitamin B12 Levels in Control and Prostate

cancer
Group Age (years) | PSA ALP (IU/L) Vitamin B12
(ng / ml) (pg/ ml)
Mean + SD Mean = SD Mean + SD Mean + SD
Control (N=30) 59.7 £10.91 0.78 +£0.39 89.3+17.43 519.27+116.72
Prostate cancer cases (N=30) | 61.8+10.84 | 63.03 +49.52 327.43 £106.48 | 207.07+34.14

Table 4: Correlations among Prostate Specific Antigen (PSA), Alkaline Phosphatase (ALP)

and Vitamin B12 Levels in Control and Case (Prostate cancer) groups

Groups

r-values

p- Value




Control (PSA) / Case (PSA) 0.92 0.00
Control (PSA) / Case (ALP) 0.90 0.00
Control (PSA) / Case (VB12) -0.92 0.00
Control (ALP) / Case (PSA) -0.13 0.48
Control (ALP) / Case (ALP) -0.13 0.49
Control (VB12) / Case (PSA) -0.20 0.29
Control (VB12) / Case (ALP) -0.20 0.29
Control (VB12) / Case (VB12) 0.07 0.71
Case (PSA) / Case (ALP) 0.99 0.00
Case (PSA) / Case (VB12) 0.92 0.00

Graph 1: Correlations graph (a) Case PSA and Vitamin B12 (b) Case PSA and ALP

Scatterplot of CASE (PSA) vs CASE (VB12) Scatterplot of CASE (PSA) vs CASE (ALP)
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Discussion:



Before PSA testing, most prostate cancers were detected with a digital rectal examination
or in patients presenting with symptoms of advanced disease, often too late for curative care
[23]. Therefore, early diagnosis of prostate cancer is of great significance for treatment [3].

Table no. 1 shows age-wise distribution of screened subjects for PSA, in which the group
61 — 70 years were having more subjects. No tumour marker has caused a greater change in our
approach to cancer detection prognosis, and monitoring than PSA for prostate cancer. Table no.
2 levels of PSA distribution, their mean age, no. of subjects were more in the range of PSA level
4 — 10 ng/ml and are at initial stage of prostate cancer. In the above group nutritional status along
with alkaline phosphatase should be monitored as they are at the high risk of developing bone
involvement. In our study, in 488 screened subjects, there were 140 subjects having PSA levels
above 4ng/ml, out of which only 30 subjects with higher values [PSA levels (Mean + SD) 63.03
+ 49.52 ng/ml] were selected due to limitation of study. Further, correlation of PSA levels in
these subjects were studied with alkaline phosphatase and vitamin B12 levels and found in some
similar studies from other authors [3, 5, 21, 23, 26, 27, 28]. In this study, the evidence for PSA’s
effectiveness as a screening tool is 6% of the total screened subjects were having prostate cancer
and about 22.7% were having high levels of serum PSA showing high risk of prostate cancer for
bone involvement [23, 21]. Similar study show direct relationship between preoperative serum
PSA and tumour volume as determined from radical prostectomy specimens (Kabalin et al.,
1995) and also as a general rule, as prostate cancer progresses it produces more PSA [9, 25].

Although there are numerous reports addressing bone scan findings in relation to PSA
level, only a few has the serum ALP level also assessed. Case-control Table no. 3 displays age,
PSA, ALP and vitamin B12 values in pre-operative bone involvement group with significantly
increased PSA and alkaline phosphatase levels and low levels of vitamin B12 as compared to
control. ALP is particularly valuable in identifying the subgroup of patients whose metastatic

disease with increase in PSA [15]. Observation that total serum alkaline phosphatase might be



elevated in prostate cancer patients actually preceded the establishment of acid phosphatase as
marker for that disease. Alkaline phosphatase is considered a non-specific tumour marker, being
neither organ nor tumour specific but widely used as a marker for tumours of the skeleton [22]
According to the some previous studies, PSA and ALP are stated to be important predictors for
bone metastases [3]. Table no 4 indicates correlation amongst case/control, case/case in different
parameters. PSA shows significant positive correlation in case/control. In cases with prostate
cancer along with bone involvement shows significant positive correlation with PSA levels and
as increase in ALP Graph 1b. Similarly a retrospective cohort study conducted by Metwalli et al.
(2015) indicate that the addition of ALP to PSA based stratification methods may significantly
enhance clinical ability to identify men at the greatest risk for developing bone metastases.
Alkaline Phosphatase Velocity (APV) appears to be a strong independent predictor of bone
metastases and overall survival in men with rising PSA [5].

We have seen negative correlated of PSA with Vitamin B12 in pre operative cases Table
no 4 and Graph la. Similar study of Stefan de Vogel et al. (2013) showed the associations of
prostate cancer risk with circulating folate and vitamin B12 have been investigated in several
large population-based studies [26]. A meta-analysis of prospective cohort studies suggested that
relatively high folate concentration is associated with modestly increased prostate cancer risk
[27]. In addition; during follow-up study indicate high folate concentrations at prostate cancer
diagnosis were associated with increased cancer cell proliferation or with faster increases of PSA
levels, suggesting that high folate levels may enhance progression of localized prostate cancer
[26].

Observational studies suggested that high dietary folate intake is associated with
decrease in prostate cancer risk. Some prospective studies reported no association of vitamin

B12 concentration with increased risk of prostate cancer [26, 27, 28].



Although knowledge of the etiology of prostate cancer is still an area of investigation,
evidence of nutritional and dietary targets for primary prevention is accumulating. Modern
management of prostate cancer now includes active surveillance, which is, monitoring the
disease and delaying curative intervention until signs of disease progression. Its high-risk disease
is multidisciplinary, and to make progress in the treatment of advanced prostate cancer with the
advent of new drugs and gene expression studies. As more expensive therapies for metastatic
prostate cancer are being brought to market, it is increasingly important to be able to accurately
identify appropriate patients in order to avoid overtreatment and unnecessary expense. Clinical
application of alkaline phosphatase increase or doubled in conjunction with PSA doubling time
could enable physicians to reserve more effective, toxic and expensive therapies for those who

need them most [1, 3, 4, 5].

Conclusion-

The results of present study conclude that the higher values of PSA were mostly found in
patients of age above 50 years. For men with a PSA level in different age groups screening and
treatment depends upon individual decision, pain and clinical examination. The values of ALP
and nutritional status should be monitored in high-risk group of PSA values which might lead to
bone metastasis in prostate cancer. Thus, PSA and ALP can be useful as prognostic markers of
clinical benefit. Future biomarkers might help to improve customised therapy of treatment

options.

References:

1 Sigrid Carlsson and Andrew Vickers. Spotlight on prostate cancer: the latest evidence

and current controversies. BMC Medicine.2015; 13(60):1-3.



10

11

Chang CC, Lee YC, Tsai HW, Yii SC, et al. Diagnostic role of serum free-to-total
prostate specific antigen (PSA) ratio in prostate cancer with serum total concentration
of PSA below 4 ng/mL. Asian Pac. J. Cancer Prev. 2015; 16: 5261- 5264.

R.J. Wei, T.Y. Li, X.C. Yang, N. Jia, X.L. Yangand H.B. Song. Serum levels of PSA,
ALP, ICTP, and BSP in prostate cancer patients and the significance of ROC curve in
the diagnosis of prostate cancer bone metastases. Genetics and Molecular Research.
2016; 15 (2): 1-9.

C Hughes, A Murphy, C Martin, O Sheils, J] O’Leary Molecular pathology of prostate
cancer. ClinPathol 2005; 58:673—-684.

Adam R. Metwalli, Inger L. Rosner, Jennifer Cullen, MPH, Yongmei Chen, Timothy
Brand, Stephen A. Brassell, James Lesperance, Christopher Porter, Joseph Sterbis and
David G. McLeod. Elevated Alkaline Phosphatase Velocity Strongly Predicts Overall
Survival and the Risk of Bone Metastases in Castrate Resistant Prostate Cancer.
UrolOncol. 2014; 32(6): 761-768.

Luna A, Vilanova JC and Alcala Mata L. Total body MRI in early detection of bone
metastasis and its indication in comparison to bone scan and other imaging techniques.
Arch. Esp. Urol. 2015; 68: 371-390

Jadaan DY, Jadaan MM and McCabe JP. Cellular plasticity in prostate cancer bone
metastasis. Prostate Cancer 2015: 651580:1-12.

Carla Freiberger, Vanessa Berneking, Thomas-Alexander Vogeli, Ruth Kirschner-
Hermanns, Michael J. Ebleand Michael Pinkawa. Long-term prognostic significance
of rising PSA levels following radiotherapy for localized prostate cancer — focus on
overall survival. Freiberger et al. Radiation Oncology.2017; 12:98.

Chavan Atish, Suman Diggi Prasad, Rawal Mukesh, Kandasamy Surendran,
Sivapatham Sundaresan and Thangarajan Thangapannerselvem. A study on prostate
specific antigen (PSA) with the ratio of free to total PSA. African Journal of
Biochemistry Research. 2010; 4(1): 013-016.

Koo KC, Park SU, Kim KH, Rha KH, et al. (2015). Predictors of survival in prostate
cancer patients with bone metastasis and extremely high prostate-specific antigen
levels. Prostate Int.2015; 3: 10-15.

H. Gilbert Welch, Peter C. Albertsen. Prostate Cancer Diagnosis and Treatment After
the Introduction of Prostate-Specific Antigen Screening: 1986 — 2005. J Natl Cancer
Inst. 2009;101:1325-1329



12

13

14

15

16

17

18

19

20

Ian M. Thompson, Donna K. Pauler, Phyllis J. Goodman, Catherine M. Tangen, M.
Scott Lucia, Howard L. Parnes, Lori M. Minasian, Leslie G. Ford, Scott M. Lippman,
E. David Crawford, John J. Crowley and Charles A. Coltman. Prevalence of Prostate
Cancer among Men with a Prostate-Specific Antigen Level <4.0 ng per Milliliter. n
engl j med. 2004; 350;22.

Sigrid Carlsson, Melissa Assel, Daniel Sjoberg, David Ulmert, Jonas Hugosson, Hans
Lilja, Andrew Vickers. Influence of blood prostate specific antigen levels at age 60 on
benefits and harms of prostate cancer screening: population based cohort study. BMJ.
2014; 348: g2296.

Susumu Akimoto," Yuzo Furuya, Koichiro Akakura, Jun Shimazaki, and Haruo Ito.
Relationship between Prostate-Specific Antigen, Clinical Stage, and Degree of Bone
Metastasis in Patients with Prostate Cancer: Comparison with Prostatic Acid
Phosphatase and Alkaline Phosphatase. Int J Urol. 1997; 4:572-575.

L.F.A. Wymenga, J.H.B. Boomsma, K. Groenier, D.A. Piers And H.J.A. Mensink.
Routine bone scans in patients with prostate cancer related to serum prostate-specific
antigen and alkaline phosphatase. BJU International. 2001; 88, 226 + 230.

Daniel P. Petrylak. Risk Factors for the Development of Bone Metastases in Prostate
Cancer. European Urology Supplements. 2007; 6: 677-682.

Ernani L. Rhoden, Olavo Torres, Gabriel Z. Ramos, Rafael R. Lemos, Carlos A.V.
Souto. Value Of Prostate Specific Antigen In Predicting The Existence Of Bone
Metastasis In Scintigraphy. International Braz J Urol. 2003; 29 (2): 121-126.
Nguyen-Nielsen M, Liede A, Maegback ML, Borre M, et al. Survival and PSA-
markers for mortality and metastasis in nonmetastatic prostate cancer treated with
androgen deprivation therapy. Cancer Epidemiol.2015; 39: 623- 632.

Takagi T, Katagiri H, Kim Y, Suehara Y, et al. Skeletal metastasis of unknown
primary origin at the initial visit: a retrospective analysis of 286 cases. PLoS One
2015; 10: e0129428.

Emanuel F. Petricoin III, David K. Ornstein, Cloud P. Paweletz, Ali Ardekani, Paul S.
Hackett, Ben A. Hitt, Alfredo Velassco, Christian Trucco, Laura Wiegand, Kamillah
Wood, Charles B. Simone, Peter J. Levine, W. Marston Linehan, Michael R. Emmert-
Buck, Seth M. Steinberg, Elise C. Kohn, Lance A. Liotta. Serum Proteomic Patterns
for Detection of Prostate Cancer. Journal of the National Cancer Institute. 2002; 94:
20.



21

22

23

24

25

26

27

28

Phillip Mikah, Laura-Maria Krabbe, OkyazEminaga, Edwin Herrmann, Philipp
Papavassilis, Reemt Hinkelammert, Axel Semjonow, Andres-Jan Schrader and Martin
Boegemann. Dynamic changes of alkaline phosphatase are strongly associated with
PSA-decline and predict best clinical benefit earlier than PSA-changes under therapy
with abiraterone acetate in bone metastatic castration resistant prostate cancer. BMC
Cancer. 2016; 16:214.

P. A. Holsaeter. Alkaline Phosphatase: A marker in prostatic cancer? Acta
Oncologica. 1991; 30:2: 171-172.

Timothy J. Wilt, Peter T. Scardino, Sigrid V. Carlsson, Ethan Basch. Prostate-Specific
antigen Screening in Prostate Cancer: Perspectives on the evidence. JNCI J Natl
Cancer Inst. 2014; 106(3): dju010

Mark S. Litwin, Hung-Jui Tan. The Diagnosis and Treatment of Prostate Cancer A
Review. JAMA. 2017; 317(24):2532-2542.

Kabalin JN, McNeal JE, Johnstone IM, Stamey TA. Serum prostate specific antigen
and the biologic progression of prostate cancer. Urology. 1995; 46: 65-70.

Fredriksen, Arve Ulvik, Per Magne Ueland, Ottar Nygard, Stein Emil Vollset, Grethe
S Tell, Steinar Tretli and Tone Bjorge. Serum folate and vitamin B12 concentrations
in relation to prostate cancer risk—a Norwegian population-based nested case—control
study of 3000 cases and 3000 controls within the JANUS cohort. International Journal
of Epidemiology. 2013; 42:201-210.

Collin SM, Metcalfe C, Refsum H etal. Circulating folate, vitamin B12, homocysteine,
vitamin B12 transport proteins, and risk of prostate cancer: a case-control study,
systematic review, and meta-analysis. Cancer Epidemiol Biomarkers Prev. 2010;

19:1632-42.

Alison J. Price, Ruth C. Travis, Paul N. Appleby, Demetrius Albanes, Aurelio
Barricarte Gurrea, etal. Endogenous Hormones, Nutritional Biomarkers and Prostate
Cancer Collaborative Group. Circulating Folate and Vitamin B12 and Risk of Prostate
Cancer: A Collaborative Analysis of Individual Participant Data from Six Cohorts
Including 6875 Cases and 8104 Controls. Eur Urol. 2016; 70(6): 941-951.



