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Mini Review

Second to skin cancer, prostate cancer is the most common 
neoplastic injury in North American men. Over a lifetime, 1 out of 
7 men will receive a diagnosis of prostate cancer [1-3]. Although, 
the 5-year survival rate is nearly 100% for stages I to III, it 
drops to 29% for metastatic stage IV cancers. Thankfully, more 
than 80% of prostate tumors are detected in the early stages, 
in large part due to screening using biomarkers like prostate-
specific antigen (PSA) [4]. At the moment, PSA blood test is the 
most widely used biomarker for prostate cancer detection and is 
considered superior to other risk factors such as race and family 
history of prostate cancer [5]. However, the PSA blood test is 
far from being the optimal diagnostic biomarker. In fact, several 
groups agree that PSA has limitations in terms of specificity and 
sensitivity [6].It does not seem to help reduce cancer mortality, 
and both the US Preventive Task Force and the Canadian Task 
Force on Preventive Health Care recommend against systematic 
screening with PSA [3,7,8]. As such, development of more 
sensitive and more specific biomarkers allowing for 

a.	 Early detection and diagnosis, 

b.	 Treatment response and 

c.	 Surveillance and detection of metastases is not only 
warranted, but necessary. 

As the field of medicine is ever moving towards personalized 
approaches, improvements in biomarkers is the first step in 
tailoring treatments and follow-ups to the specific behaviors 
and weaknesses of individual tumors. The following case report 
aims to describe and review the most up-to-date evidence of the 
best biomarkers associated with prostate cancer, as alternative 
to PSA.

Case Report

A 61 year-old patient with a three-year history of stage IV  

 
prostate cancer with bone metastasis presented to the clinic 
questioning about the role of biomarkers in the diagnosis of his 
prostate cancer. Since mainly PSA level was used as the biomarker 
for his diagnosis, he is questioning, beside PSA, which one(s) of 
the following are the biomarkers that the Health Care Providers 
(HCPs) should have used to improve the early detection of his 
prostate cancer?

A.	 PSA derivatives;

B.	 PSA isoforms;

C.	 Prostate Health Index;

D.	 4K Score;

E.	 PC antigen 3 and Progensa;

F.	 C - Reactive protein (CRP);

G.	  All of the above was considered useful;

H.	 Only A and B are correct;

I.	 Only A and B and F are correct.

Answer I

A.  PSA derivatives

In an effort to improve sensitivity and specificity of PSA, 
researchers and HCPs have looked extensively at different ways 
to interpret PSA blood tests. Derivatives measures studied 
include PSA kinetics such as: PSA doubling time, PSA velocity, 
PSA density and age-specific PSA [9,10]. Unfortunately, scientific 
evidence to date concerning clinical advantages of those 
derivatives is pessimistic at best. None of them has demonstrated 
clinically relevant additional value versus or in combination with 
the regular PSA analysis [10,11]. However, even considering 
these controversies, from a clinical perspective, for our patient 
we used the doubling time to make the decision of introducing 
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Casodex (non-steroidal antiandrogen) being already treated with 
Zoladex (LHRH agonist). For more than two years and half our 
patient had a PSA < 0.2 under treatment with Zoladex then the 
PSA raised to 0.9 in the following two months for a PSA doubling 
time of around 1 month. For a patient already under treatment 
with Zoladex such a doubling time was sufficient to introduce 
Casodex. After 3 months on the combination Zoladex and 
Casodex, the PSA level of our patient raised to 3.1 for a doubling 
time of around 1 month. This was sufficient to stop Casodex and 
introduce a second-line hormone therapy that includes Zytiga 
(an androgen biosynthesis inhibitor) and Prednisone. Therefore, 
A is a good answer.

B.  PSA isoforms

PSA isoforms, on the other hand, seem far more promising 
and are already used in clinical settings. Whereas PSA derivatives 
are mostly kinetics of the regular PSA molecule, PSA iso forms 
are slightly different variants of the molecule. Example includes 
free PSA (fPSA) (from which we can calculate the ratio of free 
PSA (%fPSA)), proPSA, intact PSA (iPSA), and benign PSA (bPSA) 
[9-11]. Recent evidence supports the utility of %fPSA to reduce 
the number of biopsies in men with PSA levels between 4 and 
10ng/mL [12,13]. Risk of having prostate cancer is around 56% 
when %fPSA is below 10% but only 8% when it is over 25% [14]. 
Hence biopsies would be highly recommended in those men 
with less than 10% free PSA, but total PSA between 4 and 10 ng/
mL [15].

Benign PSA appears to be a marker for Benign Prostatic 
Hyperplasia (BPH) [10,16], but his clinical utility for prostate 
cancer diagnosis is debated. Studies on intact PSA are still very 
sparse. One study found a correlation between lower proportions 
of iPSA and more advanced cancer stage and grade, which could 
suggest a potential role as a marker for cancer aggressiveness 
[17]. The best known usage of iPSA at the moment is as one 
of the 4 components of the 4K score test discussed below [6]. 
Therefore, for our patient iPSA was not very helpful.

From the 3 isoforms, proPSA has received the most attention 
from the scientific community. Initially, interest was focused on 
the [-5] and [-7]proPSA, but a review by Hori et al. concluded 
that current evidence suggest that both of them fail to improve 
prostate cancer detection when compared to current PSA-
based measurements [18]. The same review also suggest that 
[-2]proPSA seems like the most clinically relevant PSA isoform 
for prostate cancer detection. The authors refer to five studies 
where [-2]proPSA was either highly correlated with prostate 
cancer development or performed better than total PSA, fPSA 
and other PSA isoforms in detecting cancer [19-23]. However, 
the predictive and discriminating power of [-2]proPSA seems to 
be most significant when it is included as part of a mathematical 
model such as the Prostate Health Index (PHI) [2,18]. Moreover, 
the velocity of certain isoforms, such as fPSA and proPSA, 
appears promising in increasing the detection of early prostate 

cancer. 

However, as mentioned above the patient PSA level was 
already at 30.0 ng/ml (not in the range of 4.0 to 10 ng/ml), 
the first time our patient presented to the walking clinic with 
symptoms of prostate cancer. Then the PSA level increased 
rapidly to 175.0 ng/ml. Obviously, the %fPSA was use in our 
patient and the ratio was < 5% indicating a high risk of prostate 
cancer. Therefore, B is a correct answer.

C.  Prostate Health Index

The PHI is simply the following mathematical formula: ([-2]
proPSA/fPSA) x √PSA. It combines all three evidence-based 
PSA biomarkers into a single score. The rationale behind the 
formula is that men with higher levels [-2]proPSA and PSA 
as well as with lower levels of fPSA are more likely to have 
prostate cancer [24]. Recent evidence highly suggests that 
PHI substantially improves the screening capabilities of its 
individual counterparts [11,18,24]. In addition, PHI score seems 
to have excellent reliability across populations. In a large multi-
centric study, Catalona et al. [25] observed increasing detection 
rates with increasing PHI scores with no effect of age or race, 
suggesting applicability to all men irrespective of age and 
ethnicity [25]. Furthermore, several studies have detected a 
correlation between PHI scores and Gleason score on biopsies 
[25-27]. These findings strongly support the use of PHI scores to 
reduce the number of unnecessary biopsies and as a measure of 
cancer aggressiveness during active surveillance. 

This consistent association with the Gleason scores gives 
PHI score an edge versus other biomarkers, such as PCA3 and 
TMPRSS2: ERG, who do not [28]. One study of prostate cancer 
surveillance using PHI had a strong model predicting which men 
would have a reclassification to higher-risk disease on repeat 
biopsies using baseline and longitudinal PHI scores (C-indices: 
.788 & .820 respectively; median follow-up=4.3 years). Similar 
results had been obtained by Isharwal et al. [29] a year prior 
using baseline PHI to predict unfavorable biopsy finding (c-index 
of .691) [30].

Today, the PHI blood test is fairly inexpensive, simple and 
is currently approved by the FDA and recommended by the 
National Comprehensive Cancer Network (NCCN) Guidelines for 
Prostate Cancer Early Detection [11]. Clinical utility is optimal 
for those in the diagnostic ‘gray zone’ of 4-10ng/mL PSA. PHI 
scores below 26 are associated with a 10% probability of cancer; 
approximately 17% risk for the 26-36 range; 33% risk for the 
36-55 range, and the probability of cancer for scores above 55 
increases above 50% [24,25]. Thus, PHI blood test following a 
PSA score in the gray zone range could help avoid overtreatment 
of low-risk prostate cancer. These would not only reduce 
unnecessary harmed caused to low-risk patients, but reduce 
overall cost of prostate cancer detection while improving quality 
adjusted life years (QALY). Two studies by Nichol et al. calculated 
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that incorporating the PHI test to the current PSA screening 
strategy would result in a net saving of 356 647$ and 94 219$ 
plus a gain 0.008 and 0.003 gain in QALY for PSA thresholds of 
≥2 and ≥4 ng/mL respectively [31,32]. 

Further studies are warranted to improve specificity of the 
score ranges as well as to clarify the accuracy of PHI in active 
surveillance, but PHI use is resting on solid preliminary evidence 
at the moment. As mentioned above, the patient presented with 
a PSA level that we cannot considered in the “gray zone” on his 
first visit to the walking clinic suggesting that it was already too 
late for him to perform this score and this measure becomes 
irrelevant. A prostate biopsy was performed in our patient in 
combination with the transrectal ultrasound. The Gleason index 
(index commonly used to study the prostate cancer severity 
which is done by examining the appearance of prostate cells 
under a microscope) shown a result of 9/10 (5 + 4) strongly 
suggesting the presence of an aggressive and intrusive prostatic 
adenocarcinoma which means that the use of this biomarker 
would not have add much value to his diagnosis. Therefore C is 
not a good answer.

D.   4K Score

4KS is another blood test looking to discriminate between 
indolent and aggressive prostate cancer by yielding a % risk 
of a high-grade cancer on subsequent biopsy (Gleason score ≥ 
7). It differs from PHI as it incorporates total PSA, fPSA, intact 
PSA and the kallikrein-related peptide hK2 into the equation. 
In addition, 4KS considers clinical information like age, prior 
negative biopsy status and negative digital rectal examination to 
provide its % risk score [33]. The rationale for using these four 
kallikreins proteins as cancer detection and active surveillance 
tools comes from evidence that their levels increases with cancer 
cell undifferentiating and, either directly or indirectly, promote 
prostate cancer progression and metastasis [34,35].

A review of 4KSevidence by Punnen et al. list several 
studies including close to 10,000 subjects who looked at the % 
reduction of biopsies using 4KS. The % reduction in biopsies 
ranged from 36-82% [33]. Among those studies, there is the 
recent prospective US validation study. Enrolling 1012 subjects, 
researchers prospectively analyzed the 4KS of subjects who 
had low-grade Gleason score 6 versus those that had Gleason 
score ≥ 7. Using a cut-off of 7.5% risk of Gleason score ≥ 7 would 
result in 36% reduction of unnecessary biopsies while delaying 
the diagnosis of 1.7% of Gleason score 7 and missing 0 Gleason 
score 8 and above cancers. Additionally, 4KS performance did 
not differ between white and black American men [36]. As such, 
4KS could provide a valuable personalization of probability 
thresholds depending on the individual. 

A healthy risk averse patient could opt for a lower risk score 
(say 5% instead of 7.5) whereas someone more risk-taker or with 
an already low life-expectancy could choose a higher risk score 
(say 15%) before undergoing an invasive and costly procedure 

[33]. Indeed, similarly to PHI, a research group performed a 
meta-analysis to evaluate the screening efficacy and substantial 
cost saving potential of the kallikrein panel. They concluded that 
48-56% of biopsies could be avoided via a 8-10 % improvement 
in predictive accuracy resulting in annual savings close to 1 
billion US$ [37]. Future research comparing the predictive value 
of PHI vs. 4KS would be interesting as they could determine if 
one of the two is superior in discriminating between aggressive 
and low-risk prostate cancer. However, the 4K Score is not yet 
FDA or Health Canada approved. 

Based on the biopsies results (above) and radiology exams, 
the HCP confirms that the patient has an aggressive and 
intrusive prostate adenocarcinoma of stage T3c (meaning that 
the tumor has extended outside the prostate and its capsule). 
In addition, the seminal vesicles are affected with a notation N3 
[+N] (confirming several adenopathies located in the abdominal, 
pelvic and thoracic areas) as well as M1 [confirming the presence 
of metastases in other organs far away from the prostate such as 
lungs, bones but not the liver]. Because the PSA level was already 
high (not in the gray zone) at presentation and because the 
biopsies were strongly positive for an advanced prostate cancer 
from the beginning, using this biomarker becomes irrelevant for 
our patient. Therefore D is not a good answer.

E.  PC antigen 3 and Progensa

The Progensa PCA3 assay is a nucleic acid amplification 
test that measures the urine concentration of prostate cancer 
antigen 3 (PCA3) and PSA RNA molecules, following a digital 
rectal examination (DRE). The ratio of PCA3 to PSA RNA yields 
the PCA3 score [11,38]. A PCA3 score below 25 associated with 
a decrease in likelihood of prostate cancer, but decreasing the 
cut-off to a score of 10 reduced false positives by a little more 
than a third while false negatives increased only by 5.6%. Two 
different reviews summarizing 11 clinical studies determined 
that the overall accuracy of PCA3 was around 66% [39,40]. 
This promising result combined with easy specimen collection 
following DRE has prompted the FDA to grant approval to 
the Progensa assay in 2012 [38]. The assay is also part of the 
European Association of Urology guidelines for repeat biopsy 
decision making [41].

However, recent analysis indicates that PCA3 to be inferior 
to other biomarkers such as PHI and 4KS for malignant prostate 
cancer detection [42]. It seems that the most optimal gains of 
Progensa were obtained when used in combination with other 
biomarkers like TMPRSS2: ERG or within a multivariable model 
[43,44]. Despite being available commercially and approved by 
regulatory agencies, PCA3 is not commonly used as a first-line 
test in clinical practices. Therefore, E is not a correct answer.

F.    C - Reactive protein (CRP)

C-reactive protein (CRP) is an acute-phase protein released 
primarily by hepatocytes and is involved in processes of 
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inflammation, necrosis and carcinogenesis. It has been associated 
with poor prognosis of survival in several types of cancers [45]. 
Recent studies have looked into its potential predictive role 
in assessing prostate cancer severity and survival outcomes. 
Several of them, including a meta-analysis, have concluded that 
elevated CRP is associated with poor survival in prostate cancer 
patient with a cut-off value around 8.6mg/L [46,47]. A single 
study of 261 patients has found a decrease in cancer-specific 
survival for those with elevated CRP (Hazard Ratio (HR) = 3.34) 
while the meta-analysis pooling 9 studies with more than 1400 
patients obtained a HR of 1.91 for the same conclusion [45,48]. 

It is important to mention, however, that given the known 
association of CRP with several diseases related to survival 
(ex.: cardiovascular and pulmonary diseases), the above results 
should be interpreted with caution. Not all of those studies 
assessed potential comorbidities that could confound the 
relationship of high levels of CRP and low survival. In addition, 
different types of treatment (radiotherapy, chemotherapy, etc.) 
can trigger differential intensity of inflammation and could also 
play a role in the increase CRP levels observed [45]. Despite 
those limitations, it seems that, for whatever reason, a CRP count 
above 8.6mg/L represents bad news for prostate cancer patients 
and should be interpreted accordingly. 

For our patient, this biomarker was very useful and has 
been measured from the beginning. It was at 75.0 mg/L at his 
first visit to his oncologist. Considering that our patient was not 
known for any cardiovascular, pulmonary or other inflammatory 
diseases, his high CRP level was therefore predictive of a severe 
prostate cancer disease. In fact, from the beginning (at the 
time of his biopsies) our patient was already having a grade IV 
prostate cancer with a Gleason score of 9. Therefore F, is a good 
answer. 

Then the patient received anti-inflammatory drugs that 
gradually decrease the CRP level to normal. Therefore, by taking 
anti-inflammatory drugs, the CRP level becomes useless for the 
follow up of treatment in our patient.Which means that CRP 
is a strong positive predictor of cancer severity at the time of 
diagnosis but becomes less useful for assessing the response to 
treatment?

Question #2: For his stage IV prostate cancer our patient 
was treated with hormone therapy that includes Zoladex then 
Casodex. He was also treated with Xgeva to help with the 
treatment of his bone metastasis. Among the following which 
one(s) are the most relevant biomarkers for the follow-up of our 
patient’s advanced prostate cancer treatment?

A.	 Circulating tumor cells (CTCs);

B.	  Neutrophil-to-Lymphocyte Ratio (NLR); 

C.	 Circulating testosterone levels;

D.	  Androgen receptor splice variant 7;

E.	  All of the above

Answer E

A.  Circulating tumor cells (CTCs)

CTCs are cells that have detached from a primary tumor and 
are circulating within the lymphatic or systemic blood vessels 
and have been associated with increased risk of metastases [49]. 
A study from de Bono and his group has determined that patients 
with metastatic castrate-resistant prostate cancer (mCRCP) 
with a CTC count ≥ 5 (within a 7.5ml sample of blood) had much 
worse overall survival than those with lower CTC count (11.5 vs. 
21.7 months). In addition, the survival predictive value of CTC 
surpassed that of monitoring PSA decrease [50]. One of the most 
interesting potential applications of CTCs as biomarkers being 
studied is its use as a treatment response indicator. A recent 
study analyzed the treatment outcome of 486 patients from 
two major studies, all with CTC ≥ 5, and concluded that a ≥30% 
decline in CTC was associated with increased survival, compared 
to those with a stable or increased CTC [51].

The cut-off value of 5 has been questioned recently by 
several studies who suggest that it would be best to simply 
interpret CTC as a continuous variable with a greater number 
representing a worse prognosis at all time points. Indeed, it 
seems that the relationship between CTC count and survival is 
inversely proportional, regardless of the cut-off value chosen 
[52]. Unfortunately, the CTC was not measured in our patient, 
but it is not a bad idea to start using it in our patient and for other 
patients with prostate cancer. Therefore A is a good answer.

B.  Neutrophil-to-Lymphocyte Ratio (NLR)

Similarly to CTCs, the tumor microenvironment, the mix 
of local cells and immune cells around the tumor, is known to 
influence on cancer progression and treatment outcome. For 
example, higher levels of M1 macrophage and CD8+-Infiltrating 
Lymphocytes correlate with more positive clinical outcome 
in solid tumors. On the other hand, presence of B-Cells, M2 
Macrophage or Regulatory T-Cells is indicative of tumor growth 
[53]. More recently, the NLR has gained accrued interest from 
researchers for its prognostic value specifically for CRPC. First 
two independent studies, one with CYP17 inhibitor ketoconazole 
and the other with docetaxel chemotherapy, stratified their 
patients using a cut-off NLR value of 3. In both cases, pre-
treatment NLR ˃ 3 patients had a worse progression-free 
survival and overall survival, respectively, compared to patients 
with NLR ≤ 3 [54,55].

The interest generated by those findings led to the recent 
publishing of a meta-analysis on the matter. Compiling 22 
studies, Cao et al. observed that a high NLR predicts a lower 
PSA response, a higher risk of recurrence and a worse overall 
survival, progression-free survival and recurrence-free survival 
in both mCRPC and localized prostate cancer [56]. Even though 
the meta-analysis revealed that there is still no clearly defined 
NLR cut-off value (most studies used NLR ˃3 or ˃5), the body 
of evidence to date supports the use of NLR value for risk 
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stratification and personalization of treatment interventions for 
all types of prostate cancer patients. A patient with CTC and NLR 
scores above 5 might benefit from a more aggressive regimen 
early on to maximize its survival whereas a patient with low 
scores and no metastasis yet could decide to withhold treatment 
for a while and improve his/her quality of life. 

For our patient this NLR score was already at 2.1 from 
the beginning and was suggestive that our patient had a good 
progression-free survival and overall survival, As per September 
2017, his NLR score goes down to 1suggesting that that the 
first line hormone therapy was an appropriate treatment even 
though our patient becomes less responsive to hormone therapy. 
Therefore, this biomarker can be used to follow the response 
to hormone therapy and is useful as a biomarker to indicate 
whether or not a more aggressive treatment regimen should be 
provided to our patient and other patients. Therefore B, is a good 
answer.

C.   Circulating testosterone levels

Hormonal therapy is, along with surgery and radiation 
therapy, the first-line treatment for locally advanced prostate 
cancer. Prostate tumor cells are particularly responsive to 
androgens (testosterone and dihydrotestosterone). As such, 
several drugs lowering testosterone levels are approved by the 
FDA for hormone therapy of prostate cancer [57]. Circulating 
testosterone levels would then be an obvious choice of biomarker 
to monitor the success and efficacy of those therapies as well as 
to predict the chances of recurrence. 

However, the association between serum testosterone and 
prostate cancer growth is weak at best. Some studies have found 
a correlation between increased cancer growth and higher levels 
of serum free testosterone [58], but several independent groups 
have found contradicting evidence [59,60]. Indeed, in study 
of 168 patients, lower testosterone and estrogen levels were 
associated with a higher Gleason score suggesting the opposite 
association [47,61]. 

Our patient noticed that his testosterone level decreased at 
the first months of hormone therapy, suggesting, at some point 
that the hormone therapy was able to adequately suppress the 
testosterone. However, currently his testosterone level is still 
very low but our patient is responding less well to hormone 
therapy. This confirms that other androgenic hormones might 
be involved in his prostate cancer. Therefore, going for a second 
line hormone therapy might be sufficient to re-establish the 
treatment response to hormone therapy by inhibiting similar 
androgenic hormones but at different level. Therefore, the 
circulating testosterone level is a good marker to the response 
to hormone therapy and when the patient becomes resistant 
to hormone therapy; it is not specifically due to an absence of 
suppression of the testosterone but rather due to the actions 
from other androgenic hormones that can be secreted by the 
adrenals or by the cancer itself. Therefore C is a good answer.

D.   Androgen receptor splice variant 7

On the brighter side, a new promising biomarker, AR-
V7 (Androgen-Receptor Splice Variant 7), seems excellent to 
predict response to anti-androgen treatments. In an important 
study of 31 patients treated with Zytiga (abiraterone) (a 
CYP17A1 inhibitor anti-androgen) and 31 patients treated with 
enzalutamide (an androgen receptor antagonist), the CTCs were 
analyzed for presence of AR-V7. The biomarker was detected in 
19% of abiraterone patients and 39% of enzalutamide patients. 
Of all those AR-V7 positive patients, none had a decreased in PSA 
levels and significantly lower overall survival compared to AR-V7 
negative patients [62]. The same group pursued their analysis and 
observed the response to treatment for taxane chemotherapy in 
AR-V7 positive versus negative patients and found no difference 
in taxane efficacy between groups [63]. Hence, they concluded 
that CTCs analysis for presence AR-V7 could be a first step in 
personalisation of treatment option where AR-V7 positive 
patients would be started on taxane chemotherapy instead of 
anti-androgen drugs. This recent research also further supports 
the importance of evaluating CTCs in our attempt to move 
towards an even more evidence-based personalized medicine. 
Since our patient is now becoming resistant to hormone therapy 
and since he is now treated with Zytiga, this biomarker becomes 
highly relevant for him. Therefore D is a good answer.

Question #3: True or False, The used on bone turnovers 
biomarkers is highly relevant for patients with bone metastatic 
prostate cancer.

Response: True

The skeleton is the preferred location of prostate cancer 
metastases, affecting up to 90% of advanced CRPCs [64]. Once 
in the bones, tumor cells disturb the equilibrium between 
bone formation by osteoblasts and bone resorption by 
osteoclasts [65]. As such, bone metastasis from prostate cancer 
is responsible for complications known as Skeletal-Related 
Events (SREs). Examples of SREs include pathologic fractures, 
chronic bone pain, and spinal cord compression [66]. On top 
of a decreased quality of life and increased cost of treatment, 
patients experiencing SREs also have decreased survival odds 
versus those who have not had SREs [67].

Evidence for the use of bone biomarkers for diagnosis and 
screening metastases progression remains unclear due to lack 
of solid prospective studies. However, data is more optimistic for 
usage of bone biomarkers as proxy for the response to treatment 
of bone metastases [68]. A superiority study of the anti-RANKL 
monoclonal antibody denosumab (Xgeva), commonly used in 
the treatment of metastatic bone tumors, over zoledronic acid 
for delay of SREs noticed a significant suppression of bone 
turnover markers with Xgeva. For example, the median bone-
specific alkaline phosphatase and the N-telopeptide decreased 
significantly more, compared to baseline, in the denosumab 
group than in the zoledronic group [69].
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Radium-223 (Ra-223; Xofigo) is another approved treatment 
for prostate cancer bone metastases and is included in the 
treatment program of our patient with bone metastasis. In a 
phase II study prior to its approval, Ra-223 had significantly 
decreased or slowed down the increase all 5 bone markers 
under scrutiny compared to the placebo group, including a 
median change of bone-specific alkaline phosphatase of -65.6% 
compared to a median change of 9.3% for the placebo group. 
These changes were associated to an average 3 weeks delay for a 
first SRE in the treatment group compared to placebo [70]. 

It seems that monitoring those bone turnover biomarkers 
could help in the decision-making process for treatment of 
bone metastases. Decrease in bone biomarkers could indicate 
successful treatment and support maintaining the therapy 
while an increase in bone marker during a certain therapy 
could warrant a switch toward a more aggressive alternative. 
More specifically, bone-specific and non-specific alkaline 
phosphatase seems the most promising biomarker for prognosis 
and response to treatments. A very recent study found that 
prostate cancer cells express a tumor-derived AP and that this 
expression increases following bone metastasis. The expression 
of this tumor-derived form of AP was associated with tumor cell 
survival and increased tumor migration, while high-levels of AP 
correlated with a decrease in survival of prostate cancer patients 
[71]. Therefore, the fact that the AP level of our patient is rather 
low indicates that the overall survival of our patient is good.

These observations could explain another recent findings 
that patients with fast (≥5.42 U/liters/year) alkaline phosphatase 
velocity (APV) have worse overall survival and bone metastasis-
free survival than patients with slower AP kinetics [72]. Bone 
biomarkers, and alkaline phosphatase in particular, hold 
promising characteristics in terms of screening and treatment of 
bone metastases in advanced prostate cancer populations.

For our patient, the decision to take Xgeva was relevant 
considering that this medication inhibits bone resorption 
and interrupts cancer-induced bone destruction. Fortunately, 
because of this mechanism of action, our patients noticed an 
important decrease in his bone pains with the use of Xgeva. To 
measure bone turnovers secondary to this medication calcium 
levels were also used however his calcium level remains relatively 
stable during his treatment. But for the noted bone metatstasis 
the patient needs more than only monitoring calcium levels and 
for him this is obvious that there is a need to introduce other bone 
turnover biomarkers. As briefly discussed earlier, many studies 
have already evaluated the prognostic value of bone turnover 
markers. Among them, bone-specific AP, lactate dehydrogenase 
and urinary N-telopeptide (Ntx) were associated with skeletal-
related events, bone disease pro¬gression, and death in patients 
with solid tumors, including prostate cancer [11]. 

Similar results were observed by Coleman RE et al. [66] in 
patients with prostate cancer treated with zoledronic acid. They 

found that high levels of Ntx were associated to a four- to six fold 
increase in the risk of death. On the other hand, the normalization 
of the same bone biomarker were associated with reduced risks 
of skeletal complications, but Ntx has never been tested in our 
patient. Therefore, we can easily assume that these biomarkers 
are relevant for our patient with bone metastatic prostate cancer 
treated with hormone therapy in combination with Xgeva. This 
biomarker will also very useful when the patient will have to be 
treated with Xofigo, if necessary.

Conclusion

This case report reviewed the evidence concerning prostate 
cancer biomarkers currently available and with the greatest 
potential clinical utility in three distinct areas: Detection & 
Diagnosis; Treatment & Prognosis and Metastasis Surveillance & 
Detection. However, it is by no means an exhaustive list of all the 
potential prostate cancer biomarkers in the literature. Several 
other biomarkers not discussed in this case report are also very 
promising. 

The fusion gene TMPRSS2: ERG is harnessing interest at 
the moment, especially for its predictive value for both tumor 
progression and response to treatment [11]. The immune 
response regulator PD-1 (Programmed cell-death receptor 1) 
is another biomarker gathering research attention. In a 2017 
study of 535 prostate cancer patient, high density of PD-1+ 
lymphocytes was associated with worse survival outcomes, 
especially in patients with high initial Gleason scores (≥9) as 
in our patient [73]. Tumor-infiltrating lymphocytes, tumor-
associated macrophages and the tumor microenvironment are 
also under scrutiny as potential negative predictors of survival 
and personalization of therapy. The list is growing and there 
is no doubt that, as our understanding of immunotherapy 
grows, so will be our ability to detect and use other relevant 
biomarkers. Advancement in technology is making new types 
of analysis possible while decreasing the cost of existent clinical 
tests. Although novel and original research should never be 
discouraged, the pursuit of strong, solid, multi-centered, 
randomized comparative studies comparing the efficacy of 
already available and useful biomarkers is warranted. As 
highlighted by this case report, several biomarkers already 
used clinically seem to provide benefits for patients and for the 
healthcare system. 

Unfortunately, the ever increasing number of possible test 
to perform gradually creates a difficult decisional puzzle for 
HCPs when it comes the time to choose which diagnostic test 
to perform or which biomarkers to evaluate. Establishing the 
superiority of a biomarker over another or demonstrating their 
additive prognosis power could make the decisional algorithms 
much simpler for HCPs, save money to the health care system 
by decreasing the necessity for multiple tests and improve 
substantially the quality of life of prostate cancer patients via an 
improved individualized therapy.

http://dx.doi.org/10.19080/JPCR.2017.03.555622
http://dx.doi.org/10.19080/JPCR.2017.03.555622


How to cite this article: William A, Gilles P. Biomarkers in Advanced Prostate Cancer. J of Pharmacol & Clin Res. 2017; 3(5): 555622. DOI: 10.19080/
JPCR.2017.03.555622.007

Journal of Pharmacology & Clinical Research

References
1.	 Canadian Cancer Society, What is prostate cancer (2017). 

2.	 American Cancer Society, Key Statistics for Prostate Cancer (2017). 

3.	 Canadian Task Force on Preventive Health Care, Screening for Prostate 
Cancer with the Prostate Specific Antigen (PSA) (2014).  

4.	 American Cancer Society (2017) Survival Rates for Prostate Cancer. 

5.	 Mondo DM, Roelh KA, Loeb S, Sara NG, Norm DS, et al. (2008) Which is 
the most important risk factor for prostate cancer: race, family history, 
or baseline PSA level? Journal of Urology 179(4): 148.

6.	 American Cancer Society. What’s New in Prostate Cancer Research? 
(2017). 

7.	 Andriole GL, Crawford ED, Grubb RL, Buys SS, Chia D, et al. (2009) 
Mortality results from a randomized prostate-cancer screening trial. 
The New England journal of medicine 360(13): 1310-1319.

8.	 Moyer VA (2012) Screening for prostate cancer: US Preventive Services 
Task Force recommendation statement. Annals of internal medicine 
157(2): 120-134.

9.	 Froehner M, Buck LM, Koch R, Hakenberg OW, Wirth MP (2009) 
Derivatives of prostate-specific antigen as predictors of incidental 
prostate cancer. BJU international 104(1): 25-28.

10.	Ayyildiz SN, Ayyildiz A (2014) PSA, PSA derivatives, proPSA and 
prostate health index in the diagnosis of prostate cancer. Turkish 
journal of urology 40(2): 82-88.

11.	Gaudreau PO, Stagg J, Soulieres D, Saad F (2016) The Present and 
Future of Biomarkers in Prostate Cancer: Proteomics, Genomics, and 
Immunology Advancements. Biomarkers in cancer 8(2): 15-33.

12.	Makarov DV, Loeb S, Getzenberg RH, Partin AW (2009) Biomarkers for 
prostate cancer. Annual review of medicine 60: 139-151.

13.	Roddam AW, Duffy MJ, Hamdy FC, Ward AM, Patnick J, et al. (2005) 
Use of prostate-specific antigen (PSA) isoforms for the detection of 
prostate cancer in men with a PSA level of 2-10 ng/ml: systematic 
review and meta-analysis. European urology 48(3): 386-399.

14.	Carter HB, Partin AW, Luderer AA, Metter EJ, Landis P, et al. (1997) 
Percentage of free prostate-specific antigen in sera predicts 
aggressiveness of prostate cancer a decade before diagnosis. Urology 
49(3): 379-384.

15.	McDonald ML, Parsons JK (2015) The Case for Tailored Prostate 
Cancer Screening: An NCCN Perspective. Journal of the National 
Comprehensive Cancer Network : JNCCN 13(12): 1576-1583.

16.	Slawin KM, Shariat S, Canto E (2005) BPSA: A Novel Serum Marker for 
Benign Prostatic Hyperplasia. Reviews in urology 7(8): S52-56.

17.	Peltola MT, Niemela P, Vaisanen V, Viitanen T, Alanen K, et al. (2011) 
Intact and internally cleaved free prostate-specific antigen in patients 
with prostate cancer with different pathologic stages and grades. 
Urology 77(4): 1009e1-8.

18.	Hori S, Blanchet JS, McLoughlin J (2013) From prostate-specific antigen 
(PSA) to precursor PSA (proPSA) isoforms: a review of the emerging 
role of proPSAs in the detection and management of early prostate 
cancer. BJU international 112(6): 717-728.

19.	Sokoll LJ, Sanda MG, Feng Z, Kagan J, Mizrahi IA, et al. (2010) A 
prospective, multicenter, National Cancer Institute Early Detection 
Research Network study of [-2] proPSA: improving prostate cancer 
detection and correlating with cancer aggressiveness. Cancer 
epidemiology, biomarkers & prevention 19(5): 1193-1200.

20.	Sokoll LJ, Wang Y, Feng Z, Kagan J, Partin AW, et al. (2008) [-2]
proenzyme prostate specific antigen for prostate cancer detection: a 

national cancer institute early detection research network validation 
study. The Journal of urology 180(2): 539-543.

21.	Stephan C, Kahrs AM, Cammann H, Lein M, Schrader M, et al. (2009) 
A [-2]proPSA-based artificial neural network significantly improves 
differentiation between prostate cancer and benign prostatic diseases. 
The Prostate 69(2): 198-207.

22.	Rhodes T, Jacobson DJ, McGree ME, St Sauver JL, Girman CJ, et al. 
(2012) Longitudinal changes of benign prostate-specific antigen and 
[-2]proprostate-specific antigen in seven years in a community-based 
sample of men. Urology 79(3): 655-661.

23.	Rhodes T, Jacobson DJ, McGree ME, St Sauver JL, Sarma AV, et al. (2012) 
Distribution and associations of [-2]proenzyme-prostate specific 
antigen in community dwelling black and white men. The Journal of 
urology 187(1): 92-96.

24.	Loeb S, Sanda MG, Broyles DL, Shin SS, Bangma CH, et al. (2015) 
The prostate health index selectively identifies clinically significant 
prostate cancer. The Journal of urology 193(4): 1163-1169.

25.	Catalona WJ, Partin AW, Sanda MG, Wei JT, Klee GG, et al. (2011) A 
multicenter study of [-2]pro-prostate specific antigen combined with 
prostate specific antigen and free prostate specific antigen for prostate 
cancer detection in the 2.0 to 10.0 ng/ml prostate specific antigen 
range. The Journal of urology. 185(5): 1650-1655.

26.	Loeb S, Sokoll LJ, Broyles DL, Bangma CH, van Schaik RH, et al. (2013) 
Prospective multicenter evaluation of the Beckman Coulter Prostate 
Health Index using WHO calibration. The Journal of urology 189(5): 
1702-1706.

27.	Lazzeri M, Haese A, Abrate A, de la Taille A, Redorta JP, et al (2013) 
Clinical performance of serum prostate-specific antigen isoform [-2]
proPSA (p2PSA) and its derivatives, %p2PSA and the prostate health 
index (PHI), in men with a family history of prostate cancer: results 
from a multicentre European study, the PROMEtheuS project. BJU 
international 112(3): 313-321.

28.	Loeb S, Catalona WJ (2014) The Prostate Health Index: a new test for 
the detection of prostate cancer. Therapeutic advances in urology 6(2): 
74-77.

29.	Tosoian JJ, Loeb S, Feng Z, Isharwal S, Landis P, et al. (2012) Association 
of [-2]proPSA with biopsy reclassification during active surveillance 
for prostate cancer. The Journal of urology 188(4):1131-1136.

30.	Isharwal S, Makarov DV, Sokoll LJ, Landis P, Marlow C, et al. (2011) 
ProPSA and diagnostic biopsy tissue DNA content combination 
improves accuracy to predict need for prostate cancer treatment 
among men enrolled in an active surveillance program. Urology 77(3): 
763e1-6.

31.	Nichol MB, Wu J, An JJ, Huang J, Denham D, et al. (2011) Budget impact 
analysis of a new prostate cancer risk index for prostate cancer 
detection. Prostate cancer and prostatic diseases 14(3): 253-261.

32.	Nichol MB, Wu J, Huang J, Denham D, Frencher SK, et al. (2012) Cost-
effectiveness of Prostate Health Index for prostate cancer detection. 
BJU international 110(3): 353-362.

33.	Punnen S, Pavan N, Parekh DJ (2015) Finding the Wolf in Sheep’s 
Clothing: The 4Kscore Is a Novel Blood Test That Can Accurately 
Identify the Risk of Aggressive Prostate Cancer. Reviews in urology 
17(1): 3-13.

34.	Steuber T, Nurmikko P, Haese A, Pettersson K, Graefen M, et al. (2002) 
Discrimination of benign from malignant prostatic disease by selective 
measurements of single chain, intact free prostate specific antigen. The 
Journal of urology 168(5): 1917-1922.

35.	Denmeade SR SL, Dalrymple S, Rosen DM, Gady AM, Bruzek D, et al. 
(2003) Dissociation between androgen responsiveness for malignant 

http://dx.doi.org/10.19080/JPCR.2017.03.555622
http://dx.doi.org/10.19080/JPCR.2017.03.555622
http://www.cancer.ca/en/cancer-information/cancer-type/prostate/prostate-cancer/?region=on.
https://www.cancer.org/cancer/prostate-cancer/about/key-statistics.html.
https://canadiantaskforce.ca/guidelines/published-guidelines/prostate-cancer/
https://canadiantaskforce.ca/guidelines/published-guidelines/prostate-cancer/
https://www.cancer.org/cancer/prostate-cancer/detection-diagnosis-staging/survival-rates.html.
http://www.jurology.com/article/S0022-5347(08)60425-5/abstract
http://www.jurology.com/article/S0022-5347(08)60425-5/abstract
http://www.jurology.com/article/S0022-5347(08)60425-5/abstract
https://www.cancer.org/cancer/prostate-cancer/about/new-research.html.
https://www.cancer.org/cancer/prostate-cancer/about/new-research.html.
https://www.ncbi.nlm.nih.gov/pubmed/19297565
https://www.ncbi.nlm.nih.gov/pubmed/19297565
https://www.ncbi.nlm.nih.gov/pubmed/19297565
https://www.ncbi.nlm.nih.gov/pubmed/22801674
https://www.ncbi.nlm.nih.gov/pubmed/22801674
https://www.ncbi.nlm.nih.gov/pubmed/22801674
https://www.ncbi.nlm.nih.gov/pubmed/19191782
https://www.ncbi.nlm.nih.gov/pubmed/19191782
https://www.ncbi.nlm.nih.gov/pubmed/19191782
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4548380/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4548380/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4548380/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4859450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4859450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4859450/
http://www.annualreviews.org/doi/abs/10.1146/annurev.med.60.042307.110714?journalCode=med
http://www.annualreviews.org/doi/abs/10.1146/annurev.med.60.042307.110714?journalCode=med
https://www.ncbi.nlm.nih.gov/pubmed/15982797
https://www.ncbi.nlm.nih.gov/pubmed/15982797
https://www.ncbi.nlm.nih.gov/pubmed/15982797
https://www.ncbi.nlm.nih.gov/pubmed/15982797
https://www.ncbi.nlm.nih.gov/pubmed/9123702
https://www.ncbi.nlm.nih.gov/pubmed/9123702
https://www.ncbi.nlm.nih.gov/pubmed/9123702
https://www.ncbi.nlm.nih.gov/pubmed/9123702
https://www.ncbi.nlm.nih.gov/pubmed/26656524
https://www.ncbi.nlm.nih.gov/pubmed/26656524
https://www.ncbi.nlm.nih.gov/pubmed/26656524
https://www.ncbi.nlm.nih.gov/pubmed/16985891
https://www.ncbi.nlm.nih.gov/pubmed/16985891
https://www.ncbi.nlm.nih.gov/pubmed/21296394
https://www.ncbi.nlm.nih.gov/pubmed/21296394
https://www.ncbi.nlm.nih.gov/pubmed/21296394
https://www.ncbi.nlm.nih.gov/pubmed/21296394
https://www.ncbi.nlm.nih.gov/pubmed/22759214
https://www.ncbi.nlm.nih.gov/pubmed/22759214
https://www.ncbi.nlm.nih.gov/pubmed/22759214
https://www.ncbi.nlm.nih.gov/pubmed/22759214
https://www.ncbi.nlm.nih.gov/pubmed/20447916
https://www.ncbi.nlm.nih.gov/pubmed/20447916
https://www.ncbi.nlm.nih.gov/pubmed/20447916
https://www.ncbi.nlm.nih.gov/pubmed/20447916
https://www.ncbi.nlm.nih.gov/pubmed/20447916
https://www.ncbi.nlm.nih.gov/pubmed/18550118
https://www.ncbi.nlm.nih.gov/pubmed/18550118
https://www.ncbi.nlm.nih.gov/pubmed/18550118
https://www.ncbi.nlm.nih.gov/pubmed/18550118
https://www.ncbi.nlm.nih.gov/pubmed/18942119
https://www.ncbi.nlm.nih.gov/pubmed/18942119
https://www.ncbi.nlm.nih.gov/pubmed/18942119
https://www.ncbi.nlm.nih.gov/pubmed/18942119
https://www.ncbi.nlm.nih.gov/pubmed/22386420
https://www.ncbi.nlm.nih.gov/pubmed/22386420
https://www.ncbi.nlm.nih.gov/pubmed/22386420
https://www.ncbi.nlm.nih.gov/pubmed/22386420
https://www.ncbi.nlm.nih.gov/pubmed/22093189
https://www.ncbi.nlm.nih.gov/pubmed/22093189
https://www.ncbi.nlm.nih.gov/pubmed/22093189
https://www.ncbi.nlm.nih.gov/pubmed/22093189
https://www.ncbi.nlm.nih.gov/pubmed/25463993
https://www.ncbi.nlm.nih.gov/pubmed/25463993
https://www.ncbi.nlm.nih.gov/pubmed/25463993
https://www.ncbi.nlm.nih.gov/pubmed/21419439
https://www.ncbi.nlm.nih.gov/pubmed/21419439
https://www.ncbi.nlm.nih.gov/pubmed/21419439
https://www.ncbi.nlm.nih.gov/pubmed/21419439
https://www.ncbi.nlm.nih.gov/pubmed/21419439
https://www.ncbi.nlm.nih.gov/pubmed/23206426
https://www.ncbi.nlm.nih.gov/pubmed/23206426
https://www.ncbi.nlm.nih.gov/pubmed/23206426
https://www.ncbi.nlm.nih.gov/pubmed/23206426
https://www.ncbi.nlm.nih.gov/pubmed/23826841
https://www.ncbi.nlm.nih.gov/pubmed/23826841
https://www.ncbi.nlm.nih.gov/pubmed/23826841
https://www.ncbi.nlm.nih.gov/pubmed/23826841
https://www.ncbi.nlm.nih.gov/pubmed/23826841
https://www.ncbi.nlm.nih.gov/pubmed/23826841
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3943368/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3943368/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3943368/
https://www.ncbi.nlm.nih.gov/pubmed/22901577
https://www.ncbi.nlm.nih.gov/pubmed/22901577
https://www.ncbi.nlm.nih.gov/pubmed/22901577
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4696012/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4696012/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4696012/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4696012/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4696012/
https://www.ncbi.nlm.nih.gov/pubmed/21537346
https://www.ncbi.nlm.nih.gov/pubmed/21537346
https://www.ncbi.nlm.nih.gov/pubmed/21537346
https://www.ncbi.nlm.nih.gov/pubmed/22077934
https://www.ncbi.nlm.nih.gov/pubmed/22077934
https://www.ncbi.nlm.nih.gov/pubmed/22077934
https://www.ncbi.nlm.nih.gov/pubmed/26028995
https://www.ncbi.nlm.nih.gov/pubmed/26028995
https://www.ncbi.nlm.nih.gov/pubmed/26028995
https://www.ncbi.nlm.nih.gov/pubmed/26028995
http://www.jurology.com/article/S0022-5347(05)64263-2/fulltext
http://www.jurology.com/article/S0022-5347(05)64263-2/fulltext
http://www.jurology.com/article/S0022-5347(05)64263-2/fulltext
http://www.jurology.com/article/S0022-5347(05)64263-2/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/12539223
https://www.ncbi.nlm.nih.gov/pubmed/12539223


How to cite this article: William A, Gilles P. Biomarkers in Advanced Prostate Cancer. J of Pharmacol & Clin Res. 2017; 3(5): 555622. DOI: 10.19080/
JPCR.2017.03.555622.008

Journal of Pharmacology & Clinical Research

growth vs. expression of prostate specific differentiation markers PSA, 
hK2, and PSMA in human prostate cancer models. Prostate cancer and 
prostatic diseases 54(4): 249-257.

36.	Parekh DJ, Punnen S, Sjoberg DD, Asroff SW, Bailen JL, et al. (2015) 
A multi-institutional prospective trial in the USA confirms that the 
4Kscore accurately identifies men with high-grade prostate cancer. 
European urology 68(3): 464-470.

37.	Voigt JD, Zappala SM, Vaughan ED, Wein AJ (2014) The Kallikrein 
Panel for prostate cancer screening: its economic impact. The Prostate 
74(3): 250-259.

38.	Sartori DA, Chan DW (2014) Biomarkers in prostate cancer: what’s 
new? Current opinion in oncology 26(3): 259-264.

39.	Luo Y, Gou X, Huang P, Mou C (2014) The PCA3 test for guiding repeat 
biopsy of prostate cancer and its cut-off score: a systematic review and 
meta-analysis. Asian journal of andrology 16(3): 487-492.

40.	Vlaeminck-Guillem V, Ruffion A, Andre J, Devonec M, Paparel P (2010) 
Urinary prostate cancer 3 test: toward the age of reason? Urology 
75(2): 447-453.

41.	Mottet N, Bellmunt J, Briers E, M Bolla, L Bourke, et al. (2017) Diagnostic 
Evaluation: European Association of Urology. 

42.	Dani H, Loeb S (2017) The role of prostate cancer biomarkers in 
undiagnosed men. Current opinion in urology 27(3): 210-216.

43.	Tosoian JJ, Patel HD, Mamawala M, Landis P, Wolf S, et al. (2017) 
Longitudinal assessment of urinary PCA3 for predicting prostate 
cancer grade reclassification in favorable-risk men during active 
surveillance. Prostate cancer and prostatic diseases 20(3): 339-342.

44.	Sanda MG, Feng Z, Howard DH, Tomlins SA, Sokoll LJ, et al. (2017) 
Association Between Combined TMPRSS2:ERG and PCA3 RNA Urinary 
Testing and Detection of Aggressive Prostate Cancer. JAMA oncology 
3(8): 1085-1093. 

45.	Liu ZQ, Chu L, Fang JM, Zhang X, Zhao HX, et al. (2014) Prognostic role 
of C-reactive protein in prostate cancer: a systematic review and meta-
analysis. Asian journal of andrology 16(3): 467-471.

46.	Thurner EM, Krenn-Pilko S, Langsenlehner U, Stojakovic T, Pichler M, 
et al. (2015) The elevated C-reactive protein level is associated with 
poor prognosis in prostate cancer patients treated with radiotherapy. 
European journal of cancer 51(5): 610-619.

47.	Hall WA, Lawton CA, Jani AB, Pollack A, Feng FY (2017) Biomarkers 
of Outcome in Patients With Localized Prostate Cancer Treated With 
Radiotherapy. Seminars in radiation oncology 27(1): 11-20.

48.	Fu JF, Liang L, Gong CX, Xiong F, Luo FH, et al. (2013) Status and trends 
of diabetes in Chinese children: analysis of data from 14 medical 
centers. World journal of pediatrics: WJP 9(2): 127-134.

49.	Riquet M, Rivera C, Gibault L, Pricopi C, Mordant P, et al. (2014) 
[Lymphatic spread of lung cancer: anatomical lymph node chains 
unchained in zones]. Revue de pneumologie Clinique 70(1-2): 16-25.

50.	De Bono JS, Scher HI, Montgomery RB, Parker C, Miller MC, et al. 
(2008) Circulating tumor cells predict survival benefit from treatment 
in metastatic castration-resistant prostate cancer. Clinical cancer 
research: an official journal of the American Association for Cancer 
Research 14(19): 6302-6309.

51.	Lorente D, Olmos D, Mateo J, Bianchini D, Seed G, et al. (2016) Decline 
in Circulating Tumor Cell Count and Treatment Outcome in Advanced 
Prostate Cancer. European urology 70(6): 985-992.

52.	Krebs MG, Hou JM, Ward TH, Blackhall FH, Dive C (2010) Circulating 
tumour cells: their utility in cancer management and predicting 
outcomes. Therapeutic advances in medical oncology 2(6): 351-365.

53.	Senovilla L, Aranda F, Galluzzi L, Kroemer G (2014) Impact of myeloid 

cells on the efficacy of anticancer chemotherapy. Current opinion in 
immunology 30: 24-31.

54.	Keizman D, Gottfried M, Ish-Shalom M, Maimon N, Peer A, et al. (2012) 
Pretreatment neutrophil-to-lymphocyte ratio in metastatic castration-
resistant prostate cancer patients treated with ketoconazole: 
association with outcome and predictive nomogram. The oncologist 
17(12): 1508-1514.

55.	Templeton AJ, Pezaro C, Omlin A, McNamara MG, Leibowitz-Amit R, et 
al. (2014) Simple prognostic score for metastatic castration-resistant 
prostate cancer with incorporation of neutrophil-to-lymphocyte ratio. 
Cancer 120(21): 3346-3352.

56.	Cao J, Zhu X, Zhao X, Li XF, Xu R (2016) Neutrophil-to-Lymphocyte Ratio 
Predicts PSA Response and Prognosis in Prostate Cancer: A Systematic 
Review and Meta-Analysis. PloS one 11(7):e0158770.

57.	(2017) American Cancer Society. Hormone Therapy for Prostate 
Cancer. 

58.	Parsons JK, Carter HB, Platz EA, Wright EJ, Landis P, et al. (2005) Serum 
testosterone and the risk of prostate cancer: potential implications for 
testosterone therapy. Cancer epidemiology, biomarkers & prevention 
14(9): 2257-2260.

59.	Morgentaler A (2006) Testosterone and prostate cancer: an historical 
perspective on a modern myth. European urology 50(5): 935-939.

60.	Stattin P, Lumme S, Tenkanen L, Alfthan H, Jellum E, et al. (2004) High 
levels of circulating testosterone are not associated with increased 
prostate cancer risk: a pooled prospective study. International journal 
of cancer 108(3): 418-424.

61.	Schatzl G, Madersbacher S, Thurridl T, Waldmuller J, Kramer G, et 
al. (2001) High-grade prostate cancer is associated with low serum 
testosterone levels. The Prostate 47(1): 52-58.

62.	Antonarakis ES, Lu C, Wang H, Luber B, Nakazawa M, et al. (2014) AR-
V7 and resistance to enzalutamide and abiraterone in prostate cancer. 
The New England journal of medicine 371(11): 1028-1038.

63.	Antonarakis ES, Lu C, Luber B, Wang H, Chen Y, et al. (2015) Androgen 
Receptor Splice Variant 7 and Efficacy of Taxane Chemotherapy in 
Patients With Metastatic Castration-Resistant Prostate Cancer. JAMA 
oncology 1(5): 582-591.

64.	Bubendorf L, Schopfer A, Wagner U, Sauter G, Moch H, et al. (2000) 
Metastatic patterns of prostate cancer: an autopsy study of 1,589 
patients. Human pathology 31(5): 578-583.

65.	Fohr B, Dunstan CR, Seibel MJ (2003) Clinical review 165: Markers of 
bone remodeling in metastatic bone disease. The Journal of clinical 
endocrinology and metabolism 88(11): 5059-5075.

66.	Coleman RE (2001) Metastatic bone disease: clinical features, 
pathophysiology and treatment strategies. Cancer treatment reviews 
27(3): 165-176.

67.	Saad F, Lipton A, Cook R, Chen YM, Smith M, et al. Pathologic fractures 
correlate with reduced survival in patients with malignant bone 
disease. Cancer 110(8): 1860-1867.

68.	Brown JE, Sim S (2010) Evolving role of bone biomarkers in castration-
resistant prostate cancer. Neoplasia 12(9): 685-696.

69.	Lipton A, Fizazi K, Stopeck AT, Henry DH, Brown JE, et al. (2012) 
Superiority of denosumab to zoledronic acid for prevention of skeletal-
related events: a combined analysis of 3 pivotal, randomised, phase 3 
trials. European journal of cancer 48(16): 3082-3092.

70.	Nilsson S, Franzen L, Parker C, Tyrrell C, Blom R, et al. (2007) Bone-
targeted radium-223 in symptomatic, hormone-refractory prostate 
cancer: a randomised, multicentre, placebo-controlled phase II study. 
The Lancet Oncology 8(7): 587-594.

http://dx.doi.org/10.19080/JPCR.2017.03.555622
http://dx.doi.org/10.19080/JPCR.2017.03.555622
https://www.ncbi.nlm.nih.gov/pubmed/12539223
https://www.ncbi.nlm.nih.gov/pubmed/12539223
https://www.ncbi.nlm.nih.gov/pubmed/12539223
https://www.ncbi.nlm.nih.gov/pubmed/25454615
https://www.ncbi.nlm.nih.gov/pubmed/25454615
https://www.ncbi.nlm.nih.gov/pubmed/25454615
https://www.ncbi.nlm.nih.gov/pubmed/25454615
https://www.ncbi.nlm.nih.gov/pubmed/24166488
https://www.ncbi.nlm.nih.gov/pubmed/24166488
https://www.ncbi.nlm.nih.gov/pubmed/24166488
https://www.ncbi.nlm.nih.gov/pubmed/24626128
https://www.ncbi.nlm.nih.gov/pubmed/24626128
https://www.ncbi.nlm.nih.gov/pubmed/24713827
https://www.ncbi.nlm.nih.gov/pubmed/24713827
https://www.ncbi.nlm.nih.gov/pubmed/24713827
https://www.ncbi.nlm.nih.gov/pubmed/19586654
https://www.ncbi.nlm.nih.gov/pubmed/19586654
https://www.ncbi.nlm.nih.gov/pubmed/19586654
https://www.ncbi.nlm.nih.gov/pubmed/28212119
https://www.ncbi.nlm.nih.gov/pubmed/28212119
https://www.ncbi.nlm.nih.gov/pubmed/28417979
https://www.ncbi.nlm.nih.gov/pubmed/28417979
https://www.ncbi.nlm.nih.gov/pubmed/28417979
https://www.ncbi.nlm.nih.gov/pubmed/28417979
https://www.ncbi.nlm.nih.gov/pubmed/28520829
https://www.ncbi.nlm.nih.gov/pubmed/28520829
https://www.ncbi.nlm.nih.gov/pubmed/28520829
https://www.ncbi.nlm.nih.gov/pubmed/28520829
https://www.ncbi.nlm.nih.gov/pubmed/24589465
https://www.ncbi.nlm.nih.gov/pubmed/24589465
https://www.ncbi.nlm.nih.gov/pubmed/24589465
https://www.ncbi.nlm.nih.gov/pubmed/25618827
https://www.ncbi.nlm.nih.gov/pubmed/25618827
https://www.ncbi.nlm.nih.gov/pubmed/25618827
https://www.ncbi.nlm.nih.gov/pubmed/25618827
https://www.ncbi.nlm.nih.gov/pubmed/27986207
https://www.ncbi.nlm.nih.gov/pubmed/27986207
https://www.ncbi.nlm.nih.gov/pubmed/27986207
https://www.ncbi.nlm.nih.gov/pubmed/23677831
https://www.ncbi.nlm.nih.gov/pubmed/23677831
https://www.ncbi.nlm.nih.gov/pubmed/23677831
https://www.ncbi.nlm.nih.gov/pubmed/24566031
https://www.ncbi.nlm.nih.gov/pubmed/24566031
https://www.ncbi.nlm.nih.gov/pubmed/24566031
https://www.ncbi.nlm.nih.gov/pubmed/18829513
https://www.ncbi.nlm.nih.gov/pubmed/18829513
https://www.ncbi.nlm.nih.gov/pubmed/18829513
https://www.ncbi.nlm.nih.gov/pubmed/18829513
https://www.ncbi.nlm.nih.gov/pubmed/18829513
https://www.ncbi.nlm.nih.gov/pubmed/27289566
https://www.ncbi.nlm.nih.gov/pubmed/27289566
https://www.ncbi.nlm.nih.gov/pubmed/27289566
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3126032/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3126032/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3126032/
https://www.ncbi.nlm.nih.gov/pubmed/24950501
https://www.ncbi.nlm.nih.gov/pubmed/24950501
https://www.ncbi.nlm.nih.gov/pubmed/24950501
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3528383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3528383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3528383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3528383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3528383/
https://www.ncbi.nlm.nih.gov/pubmed/24995769
https://www.ncbi.nlm.nih.gov/pubmed/24995769
https://www.ncbi.nlm.nih.gov/pubmed/24995769
https://www.ncbi.nlm.nih.gov/pubmed/24995769
https://www.ncbi.nlm.nih.gov/pubmed/27368058
https://www.ncbi.nlm.nih.gov/pubmed/27368058
https://www.ncbi.nlm.nih.gov/pubmed/27368058
https://www.cancer.org/cancer/prostate-cancer/treating/hormone-therapy.html
https://www.cancer.org/cancer/prostate-cancer/treating/hormone-therapy.html
https://www.ncbi.nlm.nih.gov/pubmed/16172240
https://www.ncbi.nlm.nih.gov/pubmed/16172240
https://www.ncbi.nlm.nih.gov/pubmed/16172240
https://www.ncbi.nlm.nih.gov/pubmed/16172240
https://www.ncbi.nlm.nih.gov/pubmed/16875775
https://www.ncbi.nlm.nih.gov/pubmed/16875775
https://www.ncbi.nlm.nih.gov/pubmed/14648709
https://www.ncbi.nlm.nih.gov/pubmed/14648709
https://www.ncbi.nlm.nih.gov/pubmed/14648709
https://www.ncbi.nlm.nih.gov/pubmed/14648709
https://www.ncbi.nlm.nih.gov/pubmed/11304729
https://www.ncbi.nlm.nih.gov/pubmed/11304729
https://www.ncbi.nlm.nih.gov/pubmed/11304729
https://www.ncbi.nlm.nih.gov/pubmed/26181238
https://www.ncbi.nlm.nih.gov/pubmed/26181238
https://www.ncbi.nlm.nih.gov/pubmed/26181238
https://www.ncbi.nlm.nih.gov/pubmed/26181238
https://www.ncbi.nlm.nih.gov/pubmed/10836297
https://www.ncbi.nlm.nih.gov/pubmed/10836297
https://www.ncbi.nlm.nih.gov/pubmed/10836297
https://watermark.silverchair.com/api/watermark?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAdswggHXBgkqhkiG9w0BBwagggHIMIIBxAIBADCCAb0GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMaXr-Bc2gXVkjbkvLAgEQgIIBjsz14BeMjF4iQp2dRFviFJW3MPCPVby1NsdNJ8FCbF_ONv
https://watermark.silverchair.com/api/watermark?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAdswggHXBgkqhkiG9w0BBwagggHIMIIBxAIBADCCAb0GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMaXr-Bc2gXVkjbkvLAgEQgIIBjsz14BeMjF4iQp2dRFviFJW3MPCPVby1NsdNJ8FCbF_ONv
https://watermark.silverchair.com/api/watermark?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAdswggHXBgkqhkiG9w0BBwagggHIMIIBxAIBADCCAb0GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMaXr-Bc2gXVkjbkvLAgEQgIIBjsz14BeMjF4iQp2dRFviFJW3MPCPVby1NsdNJ8FCbF_ONv
https://www.ncbi.nlm.nih.gov/pubmed/11417967
https://www.ncbi.nlm.nih.gov/pubmed/11417967
https://www.ncbi.nlm.nih.gov/pubmed/11417967
https://www.ncbi.nlm.nih.gov/pubmed/17763372
https://www.ncbi.nlm.nih.gov/pubmed/17763372
https://www.ncbi.nlm.nih.gov/pubmed/17763372
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2933689/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2933689/
https://www.ncbi.nlm.nih.gov/pubmed/22975218
https://www.ncbi.nlm.nih.gov/pubmed/22975218
https://www.ncbi.nlm.nih.gov/pubmed/22975218
https://www.ncbi.nlm.nih.gov/pubmed/22975218
https://www.ncbi.nlm.nih.gov/pubmed/17544845
https://www.ncbi.nlm.nih.gov/pubmed/17544845
https://www.ncbi.nlm.nih.gov/pubmed/17544845
https://www.ncbi.nlm.nih.gov/pubmed/17544845


How to cite this article: William A, Gilles P. Biomarkers in Advanced Prostate Cancer. J of Pharmacol & Clin Res. 2017; 3(5): 555622. DOI: 10.19080/
JPCR.2017.03.555622.009

Journal of Pharmacology & Clinical Research

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                   Track the below URL for one-step submission 
               https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JPCR.2017.03.555622

71.	Rao SR, Snaith AE, Marino D, Cheng X, Lwin ST, et al. (2017) Tumour-
derived alkaline phosphatase regulates tumour growth, epithelial 
plasticity and disease-free survival in metastatic prostate cancer. 
British journal of cancer 116(2): 227-236. 

72.	Hammerich KH, Donahue TF, Rosner IL, Cullen J, Kuo HC, et al. (2017) 
Alkaline phosphatase velocity predicts overall survival and bone 
metastasis in patients with castration-resistant prostate cancer. 

Urologic oncology 35(7):460e21- 460e28.

73.	Ness N, Andersen S, Khanehkenari MR, Nordbakken CV, Valkov A, 
et al. (2017) The prognostic role of immune checkpoint markers 
programmed cell death protein 1 (PD-1) and programmed death ligand 
1(PD-L1) in a large, multicenter prostate cancer cohort. Oncotarget 
8(16): 26789-26801.

http://dx.doi.org/10.19080/JPCR.2017.03.555622
http://dx.doi.org/10.19080/JPCR.2017.03.555622
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/JPCR.2017.03.555622
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243990/
https://www.ncbi.nlm.nih.gov/pubmed/28410987
https://www.ncbi.nlm.nih.gov/pubmed/28410987
https://www.ncbi.nlm.nih.gov/pubmed/28410987
https://www.ncbi.nlm.nih.gov/pubmed/28410987
https://www.ncbi.nlm.nih.gov/pubmed/28460462
https://www.ncbi.nlm.nih.gov/pubmed/28460462
https://www.ncbi.nlm.nih.gov/pubmed/28460462
https://www.ncbi.nlm.nih.gov/pubmed/28460462
https://www.ncbi.nlm.nih.gov/pubmed/28460462

	Title
	Keywords
	Mini Review
	Case Report
	Answer I
	A.  PSA derivatives
	B.  PSA isoforms
	C.  Prostate Health Index
	D.   4K Score
	E.  PC antigen 3 and Progensa
	F.    C - Reactive protein (CRP)

	Answer E
	A.  Circulating tumor cells (CTCs)
	B.  Neutrophil-to-Lymphocyte Ratio (NLR)
	C.   Circulating testosterone levels
	D.   Androgen receptor splice variant 7

	Conclusion
	References

