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Abstract
Metastasis to the bone is one clinically important feature 
of prostate cancer (PCa). Since PCa is treatable, existing 
diagnostic techniques are unable to predict metastatic 
disease. Identification of metabolic pathways involved in the 
growth of bone metastasis, therefore, has the potential to 
improve PCa prediction and treatment. Consequently, clinical 
treatment will benefit from sensitive and specific cancer 
biomarker/s for PCa bone metastases that may be used for 
diagnosis and prognosis. To investigate the blood plasma 
metabolomic profiles and immunological parameters to 
distinguish PCa patients with metastases from those without 
metastases using 1H-NMR spectroscopy for establishing 
potential biomarker/s. 40 Patients were recruited and blood 
samples were collected from metastases PCa patients and 
those without established metastases in the morning pre-
prandial after overnight fasting. Proton spectra of blood 
plasma samples were carried out at a 700 MHz spectrometer 
using 1D CPMG with pre-saturation. To assign metabolite 
peaks, 2D TOCSY and COSY investigations were carried 
out. Both univariate (receiver operating characteristics 
(ROC) curve analysis) and multivariate analyses of partial 
least squares-discriminant analyses PLS-DA, variable 
importance to projection (VIP) score were carried out using 
MetaboAnalyst6.0. The metabolic profile analysis showed 
significantly higher concentrations of 3HOB, lactate, 
alanine, acetate, acetoacetate, glutamate, pyruvate, DMA, 
creatine, phosphocreatine, malonate, choline, GPC, glycine, 
creatinine, and glucosein PCa patients with metastases as

compared to non-metastases. Furthermore, we 
demonstrated that bone metastasis patients with PCa had 
altered WBC subtypes neutrophil and lymphocyte thannon-
metastasis PCa patients. NMR-based metabolomics and 
immunological parameters profiling provide novel insights 
into the pathophysiological mechanism of cancer progression 
to metastases stage of PCa to monitor treatment outcomes.
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Introduction
Prostate cancer bone metastatic (PCa) is a prominent 

and lethal disease that has to be detected early and 
treated well. PCa can eventually spread to the bone 
[1,2]. Even after decades of investigation, the effect 
of PCa on genetic modifications and initiating invasive 
progression and metastatic cascade remains unclear 
and less understood. In addition, there is not much 
information on metabolic profiling with correlates with 
clinical and pathology of metastases with PCa patients, 
on the underlying biochemical and tumorigenesis 
processes [1,2]. However, the current diagnostic 
techniques; testing blood samples for prostate-
specific  antigen (PSA) levels and using transrectal 
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It paves the way to enhance understanding of cancer 
pathogenesis and early diagnosis through biomarker/s 
identification and early detection systems.

Materials and Methods

Patients
A total of 40 patients diagnosed with PCa were 

recruited in this study at the Department of Urology, 
AIIMS, New Delhi. To  search for signs of possible 
metastases to the skeletal locations, a bone scan was 
performed. Men with age > 40 years with elevated PSA 
level (> 4 ng/mL) who underwent 12 core TRUS guided 
prostate biopsy and bone scan. Subjects with high risks 
of tumors and the presence of bone metastases with 
higher GS (7 or 8-10) were included in the metastasis 
group. In another group, no evidence of metastasizing 
in the bone scan. Patients with diabetes mellitus, 
hypertension, and other metabolic disorders were 
excluded. Blood samples were collected from bone 
metastases patients with PCa (n = 20 mean age: 66.0 
± 8.8 years), PSA: 268 (7.94-20500) ng/mL, and non-
metastases patients (n = 20, mean age: 64.6 ± 8.3 years), 
PSA: 18.28 (5.02-54.40) ng/mL, in morning pre-prandial 
after overnight fasting. Blood reports of all patients were 
collected from the Department of Urology at AIIMS, New 
Delhi. Blood parameters such as hemoglobin (HB) (gm/
dL),total leukocyte count (thou/mm3), neutrophil (%), 
lymphocyte (%), eosinophil (%), monocyte (%), basophil 
(%), absolute neutrophil count (thou/mm3), absolute 
lymphocyte count (thou/mm3), absolute eosinophil 
(thou/mm3), absolute monocyte count (thou/mm3), 
absolute basophil count (thou/mm3), RBC (mill/mm3), 
hematocrits (%), MCV (fL), MCH (pg), MCHC (g/dL), 
and platelet count (thou/mm3) value included in these 
study. Informed consent was taken and the institute's 
ethics committee approved the study.

Sample collection and processing
Blood samples (2 ml) were collected in a heparinized 

vacutainer and centrifuged at 5000 rpm for 10 minutes 
at 4 °C. The blood plasma samples were mixed with 0.5 
mM TSP, 0.5 mM sodium formate, and deuterium oxide 
(D2O) in preparation for proton NMR spectroscopy. 200 
µl blood plasma, 30 µl formate (0.5 Mm), and 340 µl D2O 
were used to make a 600 µl overall volume of sample.

NMR Spectroscopy
Proton NMR spectroscopy of the samples was carried 

out on a narrow bore spectrometer operating at 700 
MHz (Agilent, U.S.A.) using a 1D CPMG sequence with 
pre-saturation. The parameters for the 1D experiment: 
Spectral width of 0.0 to 12 ppm; data points 32 K; the 
number of scans of 64; spin echo delay, τ of 16 ms, and 
a relaxation delay of the 70s. To assign resonances, 
two-dimensional (2D) total correlation spectroscopy 
(TOCSY) and correlation spectroscopy (COSY) studies 
were conducted.

ultrasound (TRUS) guided to examine prostate biopsies 
are not very good at distinguishing between aggressive 
PCa cases and the even more prevalent and indolent 
forms of the disease, which are frequently curable, 
nor at differentiating cancer from other benign 
prostatic  hyperplasia (BPH) [3-5]. As a result, certain 
investigators have attempted to identify new prognostic 
indicators and diagnostic strategies that can distinguish 
between metastasis  and  non-metastasistypes of PCa 
using a range of approaches [6-9]. A lot of research 
has gone into identifying the genetic and proteomic 
characteristics [7]. Limited study of PCa and metabolic 
alterations linked to bone metastases PCa have been 
studied using magnetic resonance spectroscopy [9-
11].  Some important studies reported by Sreekumar, 
et al. and associates profiled the metabolome in tissue, 
urine, and plasma from PCa patients using liquid and 
gas chromatography-mass  spectrometry, and they 
found changes linked to the advancement of the illness 
[9]. They found sarcosine, an N-methyl derivative of 
glycine, was specifically shown to be a potentially 
significant marker for PCa cell invasion, migration, and 
aggressiveness [9]. However, several studies reveal that 
the role of sarcosine as a biomarker is still controversial, 
and further validation studies are warranted.

The lack of an acceptable, sensitive, and specific 
cancer biomarker or biomarkers causes it to be 
challenging to diagnose PCa bone metastases. This 
has led to a focus on new biomarker/s from blood 
for patients with PCa and metastatic progression 
condition. To date, limited NMR studies have shown 
the potential of metabolic approach in blood plasma 
samples of PCa patients with bone metastases [9-
11]. Earlier detection of PCa patients with metastases 
might improve their treatment and survival outcomes. 
Hence, further research in this domain is needed. Also, 
research is needed to understand PCa and metastatic 
progression of diseases. Further identification of 
metabolites between PCa patients with metastases and 
those without metastases may be very important for 
early diagnosis of the disease as well as the discovery of 
cancer-specific biomarker/s.

Thus, the aim of the present study was (a) To 
investigate the blood plasma metabolic profile to 
distinguish PCa patients with metastases from non-
metastases using 1H-NMR spectroscopy for establishing 
potential biomarker/s, (b) Furthermore, to discriminate 
blood parameters and WBC subtyping data of PCa 
patients with metastases and non-metastases for 
screening and monitoring of the aggressive PCa (c) To 
further attempt to identify a set of putative biomarker/s 
to their metabolic pathways for better understanding 
of the pathogenesis of PCa. It is the first of its kind to 
report the blood biomarker/s metabolomic profile and 
immunological data of PCa patients and metastases 
conditions in vitro settings using NMR Spectroscopy. 
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Pathway analysis
The blood-identified metabolites altered metabolic 

pathways were analyzed using Metabo Analyst 6.0. It 
used metabolites from the blood plasma sample, which 
included metabolites from Kyoto Encyclopedia of Genes 
and Genomes (KEGG) and other databases. With a huge 
collection of pathways and metabolite libraries produced 
by the Human Metabolome Database (HMDB), this 
web-based program facilitates the discovery of changed 
metabolic pathways. For every comparison, a dataset 
with the chemical KEGG identities of the identical 
components was entered into the software.

Results
Figure 1 shows the representative 1D-CPMG 1H 

spectrum of the blood plasma sample of a PCa patient 
with metastases (A) and from the patient without 
metastases (B). In all, metabolites were assigned using 1D 
and 2D NMR. The 2D line chart shows the median values 
of immunological blood parameters in PCa patients 
with bone metastases as compared to non-metastases 
PCa patients in Table 1 and Figure 2. The NMR-based 
metabolomics profile analysis. VIP score and AUC are 
shown in Figure 1. Significantly higher concentrations 
of 3-hydroxybutyrate (3-HOB), lactate, alanine, acetate, 
acetoacetate, glutamate, pyruvate, dimethylamine 
(DMA), creatine, phosphocreatine, malonate, choline, 
glycerophosphocholine (GPC), glycine, creatinine, 
and glucosewere found in bone metastases PCa as 
compared to non-metastases patients were shown in 

Quantitative measurement of blood metabolites
By comparing the intensity of metabolite-isolated 

peaks generated when integrating the signal with that 
of formate (blood plasma), the quantity of metabolites 
was  determined. The concentration of only those 
metabolites, which showed a well-resolved peak in 
the 1D spectrum of blood plasma was calculated using 
Chenomx software (Chenomx NMR Suite 9.0).

Statistical analysis
Statistical analysis was performed using SPSS (SPSS 

Inc., Chicago, IL, USA). To examine the variations 
between the two groups, the Mann-Whitney U test was 
used. The p-values < 0.05 were considered significant. 
The data were normalized and subjected to multivariate 
pattern recognition analysis using Metabo Analyst 6.0 
software. Metabolites were considered significant at VIP 
> 1.0 for further analysis of metabolomic data analysis. 
Partial least square discriminant analysis (PLS-DA) and 
orthogonal partial least square discriminant analysis 
(OPLS-DA) loading plots were carried out for significant 
metabolite identification and heatmap analysis. 
Variable importance in projection (VIP) scores in PLS-
DAs of metabolic profiles in the serum of patients, VIP 
scores for some important metabolites with the highest 
contribution to the separation of the studied groups are 
presented. The boxes on the right refer to the relative 
concentrations of the appropriate metabolites in the 
studied groups. In all statistical analyses value of p < 
0.05 was considered to be statically significant.

 

Figure 1: Representative one-dimensional (1D) aliphatic region of 1H NMR (700 MHz) spectrum of blood plasma of a bone 
metastases PCa patient and non-metastases.
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Figure 2: The median values of immunological blood parameters in PCa patients with bone metastases as compared to non-
metastases PCa patients. 

Table 1: The median values (Minimum and Maximum Values) of blood immunological parameters in PCa patients with Bone 
metastases as compared to non-metastases with PCa patients.

Variables

Clinical and immunological variables

p-value

Bone metastases with PCa 
patients

(n = 20)

Non-metastases with PCa patients

(n = 20)
Median Min Max Median Min Max

Haemoglobin HB (gm/dL) 12.10 8.10 14.80 13.30 10.10 16.00 0.02
Total leukocyte count (thou/mm3) 8.09 3.90 11.83 8.43 6.90 12.50 0.14

Neutrophil (%) 63.80 46.00 80.00 68.00 58.20 82.00 0.02
Lymphocyte (%) 25.45 13.00 50.00 20.10 10.00 35.00 0.01
Eosinophil (%) 3.00 1.00 16.70 2.35 1.00 12.40 0.93

Monocyte (%) 7.00 0.00 12.20 5.80 2.00 11.00 0.75

Basophil (%) 0.30 0.00 1.20 0.40 0.00 1.50 0.52

Absolute neutrophil count (thou/mm3) 4.88 2.24 7.24 5.48 4.18 74.72 0.23

Absolute lymphocyte count (thou/mm3) 1.94 0.95 3.05 1.91 1.23 14.47 0.18

Absolute eosinophil (thou/mm3) 0.25 0.06 1.97 0.20 0.07 1.34 0.91

Absolute monocyte counts(thou/mm3) 0.57 0.22 1.20 0.53 0.24 5.08 0.39

Absolute basophil count (thou/mm3) 0.03 0.01 0.10 0.05 0.01 0.39 0.23

Total RBC (mill/mm3) 4.26 3.21 6.04 4.68 3.00 5.24 0.52

Haematocrit (%) 37.20 26.60 55.80 40.85 30.30 46.60 0.08

MCV (fL) 87.90 76.50 97.30 92.20 43.80 103.90 0.52

MCH (pg) 28.65 24.70 32.30 29.65 26.00 93.50 0.18

MCHC (g/dL) 31.79 28.10 40.40 32.55 29.40 34.60 0.80

Red cell distribution width 14.70 10.90 19.90 13.80 9.40 15.30 0.02
Platelet count (thou/mm3) 193.00 1.91 333.00 189.00 104.00 295.00 0.65
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Table 2: Comparison of the concentration (M) of metabolites in the blood of PCa patients with metastases to those without 
metastases patients. Statistically significant (p < 0.05) metabolites involved in the discrimination between the two groups were 
calculated according to the Mann-WhitneyU test.

Metabolites 

Blood metabolites concentration (µM)

p-value Bone metastases with PCa patients

(n = 20)

Non-metastases with PCa patients

(n = 20)

Median Min Max Median Min Max
3HOB 868.79 213.54 2158.81 511.16 218.49 800.68 < 0.001

Lactate 4559.15 2260.24 10056.14 2429.58 1314.31 4428.71 < 0.001

Alanine 896.46 503.32 1386.04 533.06 309.56 1007.99 < 0.001

Acetate 129.31 21.14 254.56 53.97 36.88 105.69 < 0.001

Acetoacetate 230.49 84.92 423.69 106.04 44.48 223.75 < 0.001

Glutamate 624.63 409.22 1100.03 441.29 284.29 746.86 0.0002

Pyruvate 125.38 51.17 404.27 63.84 32.73 101.88 < 0.001

DMA 122.18 57.60 312.75 57.83 23.85 140.85 < 0.001

Creatine 155.28 61.74 456.79 85.88 52.46 126.27 < 0.001

Phosphocreatine 170.39 15.36 485.79 58.80 10.40 193.96 0.003

Malonate 122.11 33.92 461.96 61.39 33.24 107.18 0.002

Choline 171.47 64.93 491.99 73.18 51.58 111.11 < 0.001

GPC 154.13 77.10 520.50 90.00 49.05 192.75 0.001

Glycine 507.46 179.26 899.68 291.13 195.44 572.83 < 0.001

Creatinine 279.97 113.47 759.86 147.58 67.54 273.55 < 0.001

Glucose 5866.18 3008.06 17999.70 4539.10 3240.38 8333.95 0.04

3HOB: 3 hydroxybutyrate; DMA: Dimethylamine; GPC: Glycerophosphocholine

 

Figure 3: Heatmap analysis of significant metabolites differentially abundant in blood plasma samples of metastases patients 
with PCa as compared to metastases Patients. Each column shows the metabolic pattern of individual PCa patients in and 
without metastasis groups. The amount of each metabolite in individual blood plasma samples is expressed as a relative 
value obtained by the autoscaling method and is represented by the color scheme in which red and blue indicate high and 
low concentrations of metabolites, respectively. 
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Figure 4: Heatmap analysis of significant metabolites differentially abundant in blood parameters and WBC subtype of 
metastases patients with PCa as compared to metastases Patients. Each column shows the blood parameters and WBC 
subtype pattern of individual PCa patients in the metastases group and without metastases group. The amount of each 
WBC subtype in individual blood plasma samples is expressed as a relative value obtained by the auto-scaling method 
and is represented by the color scheme in which red, oranges, and blue indicate high, intermediate, and low levels of blood 
parameters and WBC subtype respectively.

bone metastases PCa patients and PCa patients with 
non-metastases. Variable in projection (VIP) scores 
of metabolite profile in urine in two study groups. VIP 
scores for 15 metabolites with the highest contribution 
to the separation of the present study groups. The 
boxes on the right refer to relative concentrations of 
appropriate metabolites in study groups. Box & whisker 
plots (choline and pyruvate) presentation are shown in 
Figure 5. The heatmap showed that the patients with PCa 
metastases and those patients with PCa non-metastases 

Table 2. Furthermore, an analysis of the statistically 
significant difference between white blood cells and 
other immunological parameters of PCa patients is 
given in Table 2. Heatmap corrections such as blood 
metabolites and immunological parameters are shown 
in Figure 3 and Figure 4.

The blood metabolic profile of PCa patients with 
bone metastases as determined by NMR is distinct 
from PCa patients with non-metastases. The supervised 
OPLS-DA score plot shows clear discrimination between 
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Figure 5: Results of PLS-DAs of metabolic profiles. Score plots obtained in OPLS-DAs of metabolites profiles in blood 
plasma (A), VIP) scores (B) in two studied groups:  metastases PCa (n = 20) and non-metastases patients (n = 20), Univariate 
ROC curve analysis of choline (C) and Pyruvate (D).

revealed the potential involvement of metabolism in PCa 
shown in Figure 6. Pathway enrichment analysis using 
the revealed potential involvement of KEGG, pyruvate 
metabolism, phospholipids and phosphatidylcholine 
and phosphatidylethanolamine biosynthesis and citric 
acid cycle, alanine metabolism, fatty acid biosynthesis, 
methionine metabolism were dominated in bone 
metastases PCa are shown in Figure 6.

Discussion
Utilizing Nuclear Magnetic Resonance (NMR) 

spectroscopy for metabolomics, the research explores 
how metabolic profiles in the blood can serve as 
biomarkers for early-stage bone metastases. The 
integration of immunological parameters further 

were almost clearly separated from each other. It could 
be observed that the metabolic state of patients with 
PCa metastases results in significantly increased levels 
of 3 HOB, lactate, alanine, acetate, acetoacetate, 
glutamate, pyruvate, DMA, creatine, phosphocreatine, 
malonate, choline, GPC, glycine, creatinine, and glucose. 
The result of heatmap analysis further demonstrated 
that these metabolites could discriminate between 
patients with PCa metastases from those without 
metastases, so these endogenous metabolites could 
be used as potential biomarker/s. Furthermore, Figure 
3 and Figure 4 show the heatmap visualization based 
on blood metabolites in patients with PCa metastases 
and those patients without PCa metastases. Pathway 
enrichment analysis using the KEGG and SMPDB 
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the identification of metabolites as biomarker/s for 
early detection and treatment of cancer [12-14]. In 
The same way, researchers have been starting to look 
at metabolite identification in blood samples that can 

enhances understanding of the disease’s progression 
by revealing the role of immune system alterations. In 
recent years, with the advent of NMR spectroscopy, 
medical and oncology research has been focusing on 

 

Figure 6: Metabolic Set Enrichment Analysis (MSEA) showing altered significant blood plasma metabolites associated with 
potential metabolic pathways of bone metastases PCa. Dominated pyruvate metabolism, phospholipids biosynthesis, and 
TCA cycle were observed.
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PCa compared with PCa also confirm the outcomes of 
an augmented level of transamination from pyruvate 
to alanine, which concurs with earlier [16]. Further 
higher concentration of glycine was found in patients 
with bone metastases PCa as compared to PCa, which 
was similar to that seen in colorectal, head, and neck 
cancers studies by NMR [16-18]. The reliance on glycine 
for the proliferation and development of cancer cells 
was studied by gene expression analysis, which revealed 
enhanced expression of glycine biosynthesis enzymes in 
tumor cells. Further, glycine is an important source of 
one carbon unit for purine synthesis to promote rapid 
cancer cell proliferation and tumorigenesis [16]. Our 
data revealed that a significantly higher concentration 
of membrane components such as choline and GPC 
were seen in patients with bone metastases PCa as 
compared to non-metastases, signifying an alteration in 
phospholipid metabolism related to tumor proliferation 
and progression [15,19]. Significantly higher levels of 
energy metabolites such as creatinine, phosphocreatine, 
and creatine were seen in blood plasma samples of 
patients with bone metastases PCa as compared to 
PCa [16,20]. Our results revealed elevated levels of 
energy demand for the aggressiveness of the tumor. 
Our data showed elevated blood plasma glucose and 
lactate in bone metastases PCa patients in comparison 
to non-metastases PCa. It was reported that a higher 
concentration of glucose and lactate seen in PCa 
patients was positively correlated with the increased 
risk of cancer [21-23].

Our findings also suggest that the metabolomics 
profile of blood plasma from PCa patients may be 
reflected inpyruvate metabolism, phospholipids 
biosynthesis, citric acid cycle, and alanine metabolism, 
more serious in PCa patients with bone metastases. 
These metabolites represent promising biomarker/s 
that were changed along with the development of PCa 
and might be related to the occurrence and aggressive 
of this advanced cancer. These PCa-related distinctive 
metabolites could benefit from the development of 
novel types of advanced disease biomarker/s and assist 
in understanding the potential pathogenesis. Further 
study in a large cohort is needed to investigate whether 
the observed differences in creatine, choline, GPC DMA, 
pyruvate, glycine, andalanine are PCa-specific and the 
related mechanism underlying the aggressiveness of 
PCa bone metastases.

However, the reason for the increased lymphocytes 
and decreased neutrophils is still unknown. The study 
suggests that the changes in blood cell counts might be 
linked to the release of certain signaling molecules called 
cytokines and chemokines [24,25]. These molecules 
can affect WBC proliferation and might explain why 
lymphocyte levels increase and neutrophil levels 
decrease. In summary, the study identifies a distinct 
blood cell profile in PCa patients with bone metastases, 
potentially due to immune system changes. This profile 

be used as biomarkers for diagnosis and treatment of 
PCa. Blood contents are convenient biomarkers for 
the diagnosis of PCa because inexpensive and fast to 
harvest. Several studies have looked at differences 
in metabolite levels revealed blood between healthy 
or BPH and PCa subjects [15,16]. This study focused 
on the separation between PCa patients with bone 
metastases and non-metastases groups using univariate 
and multivariate analysis (OPLS-DA, VIP score, and 
ROC models). These findings match our results for the 
blood metabolites, which showed significant levels in 
the show in Table 2 comparing PCa patients with bone 
metastases and non-metastases. Therefore, we suggest 
that a higher level of lymphocytes may be useful in 
clinical practice in bone metastases patients with 
PCa who had a lower value of neutrophils compared 
to non-metastases. Therefore, we suggest that an 
altered WBC subtype may be useful in clinical practice 
in bone metastasis patients with PCa. The present 
study revealed significantly higher concentrations of 
alanine, pyruvate, and glutamate in the blood plasma 
of PCa patients with metastases as compared to non-
metastases. A higher level of ketone body including 
acetoacetate, acetate, and 3-HOB was seen in bone 
metastases PCa patients [10]. These are produced by 
the liver from fatty acid oxidation and converted into 
acetyl CoA, which then enters the TCA cycle. Higher 
levels of acetate may reflect increased utilization of 
lipid demands to meet the energy requirements for 
cell growth and proliferation in metastatic cancer cells. 
A significantly increased concentration of membrane 
metabolite choline, GPC, betaine, and DMA in bone PCa 
patients with metastases indicates a higher proliferation 
of metastatic PCa cells. Furthermore, alteration of 
glucose metabolism (glucose and lactate) energy 
metabolism (creatine, phosphocreatine, creatinine), 
and nucleic acid metabolism (glycine) were observed 
in bone metastases with PCa patients. These metabolic 
reprogramming of the amino acids, glycolysis, and Krebs 
cycle and interconnected with fatty acids, ketone body, 
and nucleic acid metabolism. The pathway enrichment 
analysis using the revealed potential involvement 
of KEGG “pyruvate metabolism, phospholipids and 
phosphatidylcholine and phosphatidylethanolamine 
biosynthesis and citric acid cycle, alanine metabolism, 
fatty acid biosynthesis, methionine metabolism” in 
bone metastases PCa.

The significantly higher concentration of alanine 
in bone metastases PCa compared to non-metastases 
PCa is possibly accompanied by over expression of the 
metabolism of relevant amino acids and altered TCA 
cycle in hypoxia [16]. The augmented level of alanine is 
consistent with the earlier observation that the speed 
of amino acid metabolism befits augmenting in PCa and 
alanine was found to be at a considerably higher level 
in PCa cell lines, serum, and biopsy tissues [16]. Our 
findings of a higher level of pyruvate in bone metastases 
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might be useful for clinical assessments, but additional 
research is necessary to confirm and elaborate on these 
findings.

Conclusion
NMR-based metabolomic profiling of blood plasma, 

the present study showed that bone metastases PCa 
could be distinguished from non-cancerous individuals 
by metabolites (3HOB, lactate, alanine, acetate, 
acetoacetate, glutamate, pyruvate, DMA, creatine, 
phosphocreatine, malonate, choline, GPC, glycine, 
creatinine, and glucose) immunological parameters 
(neutrophil and lymphocytes). The findings may 
add to our understanding of the progression and 
aggressiveness of bone metastases PCa and indicate 
that these metabolites and white blood cells are 
potential candidate biomarkers for bone metastases 
PCa. Moreover, the present study supported the 
interpretation that blood plasma metabolomics-derived 
biomarker/s for bone metastases PCa may be a new 
option for non or partially invasive bone metastases PCa 
diagnostics.
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