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Abstract

Objectives: The objective of the following study is to clarify a suitable group whereby a bone scan could be
spared at the initial staging of prostate cancer, we wished to identify the possible relationship between bone
metastasis and clinical and pathological parameters including serum total prostate specific antigen (PSA)
concentration, alkaline phosphatase (ALP), biopsy Gleason Score (GS), and percentage of pathological cores.
Materials and Methods: We reviewed the results of 220 bone scintigraphies, which were done between
January 1, 2011 and June 30, 2013 in patients with newly diagnosed prostate cancer. These parameters
were evaluated together with standard clinicopathological data to determine the prediction ability of the
bone scan by univariate and multivariate analyses.

Results: Bone metastases were seen in 44 patients of all 220 patients (20%, 95% confidence interval, 17-24%).
In univariate analysis, PSA and biopsy GS were useful in predicting the bone scan result, but ALP and
percentage of pathological cores was not. In multivariate analysis, the single most useful parameter in
predicting the bone scan result was PSA (P < 0.001).

Conclusions: A bone scan seems to be impractical in newly diagnosed prostate cancer patients with serum
PSA level <20 ng/ml and GS up to seven and pre-treatment PSA is the best predictor of the need for the
bone scan according to results of this study.
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INTRODUCTION from prostate cancer.l] Although, there is no consensus on

Prostate cancer is one of the most common cancers in Asia as
all over the world. Bone is the most common site of metastasis
and this metastasis presents over %80 of patients who die

the pre-treatment of this cancer, current recommendations
point out bone scanning as the most sensitive modality for the
detection of bone metastasis.” The extent of bone metastases

was shown to predict the outcome in metastatic prostate cancer.

S— . The percentage of the positive areas in bone scan was reported
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as a novel parameter for predicting the prognosis in advanced
[3.4]

Website: and metastatic prostate cancer.
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Bone scanning is an expensive, nonspeciﬁc staging modality
DOI: sometimes necessitate further investigations that may delay
10.4103/0974-7796.150479 therapy.>* Furthermore, the utilization of bone scans seems

to depend on conflicting data.”? There have been many debates
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regarding whether all patients with newly diagnosed prostate
carcinoma should undergo radionuclide bone imaging. Patients
with the lowest risk may continue to undergo unnecessatry
testing, while those at highest risk may not be appropriately
evaluated. From this point of view, for this population new
data from different regions of the world, about the investigation
strategy is an important isste.

In this study, it was aimed to see the relationship between bone
metastasis and some clinical or pathoiogical variables inciuding
biopsy Gleason score (GS), percentage of pathological
cores, serum prostate specific antigen (PSA) and alkaline
phosphatase (ALP) concentration. We undertook retrospective
analysis of newly diagnosed prostate cancer patients. With
this, patients with a low probability of bone metastasis can
be determined leading shorter waiting times for bone scans,
financial savings. That would also give an idea of whether a
combination of those can be used more effectively than each
alone in predicting the likelihood of positive bone scans in
newly diagnosed prostate cancer patients.

MATERIALS AND METHODS

The cross-sectional retrospective study included 220
consecutive patients who were referred to the Nuclear Medicine
Division of Ankara Diskapi Education and Research Hospital,
Ankara, Turkey for the evaluation of bone metastasis of prostate
cancer between January 2011 and June 2013, who had not yet
undergone definitive treatment for the newly diagnosed prostate
cancer. They all had serum PSA levels, transrectal ultrasound
guided prostate biopsies, and bone scans within maximum
3 weeks. Patients were referred to prostate biopsy for evaluation
of abnormal digital rectal examination, elevated serum PSA,
or both. There was no strict limit regarding age, patients with
advanced age and/ or significant comorbidities were counseled
regarding the risks and benefits of undergoing prostate biopsy.
The serum PSA level was determined by the Hybritech,
(Beckman Coulter Inc., Fullerton, CA) assay with the normal
range set between O and 4.0 ng/ mL. The serum ALP level was
determined by the Olympus AU2700 (NY, USA).

All prostate biopsies were performed using a standard 18-gauge
biopsy gun, and the number of biopsy sites ranged between 10
and 16 with additional targeted biopsies for any hypoechoic
or suspicious lesion. For each needle biopsy, certain variables
were assessed, including GS, the percentage of tumor as a
function of all the biopsy tissues, the number of cancer-positive
cores, and the total number of cores from all biopsy sites. All
biopsy specimens were reviewed by experienced pathologists
in accordance with the standard Gleason grading criteria. The
percentages of biopsy cores positive were grouped as <33%,

34-67%, and >67%. The assigned percentage of biopsy

194

core-positive subgroups along with pre-treatment PSA and

GS were used to develop probability for pathologic bone scan.

At least 2 h after the intravenous injection of 740 MBq
(20 mCi) 99mTe-MDPB, Whole—body bone scan images were
obtained on the anterior and posterior projections, if necessary
together with oblique or lateral static images for areas of
interest, using a large-field of view, dual-head gamma camera
(ECAM; Dual Head Variable Systems, Siemens, Illinois,
USA) equipped with high-resolution collimator. All scans
were reported by experienced nuclear medicine specialists with
knowledge of clinical and laboratory findings, regardless of
the PSA level at diagnosis, GS, clinical T stage and symptom.

The relationship between the serum PSA, ALP, GS, percentage
of positive biopsy cores and the result of the bone scan was
examined by calculating series of crude, stratified, and adjusted
odd ratios (OR) (three of four factors aforementioned held
constant when calculating the OR in the multivariate analysis)
with corresponding 95% confidence intervals (95% CI).
The groupings were based on previous papers on this subject
published on journals with high impact factors.*”! Multivariate
analysis was performed to the variables with P < 0.2 in
univariate analysis. The association between the exposure and
the outcome was considered statistically significant when the
P < 0.05. All analyses were performed using SPSS 1S for
Windows (LEAD Technologies, Chicago, IL) and SAS 8.02
for Windows (SAS Institute, Cary, NC) statistical software
packages.

The proportion of positive bone metastases were evaluated by
PSA level at diagnosis, GS and percent of positive cores (PPC)
of biopsy. Two-sided t-tests were used to compare the
continuous parameters. Univariate and multivariate logistic
regression analyses were performed to assess the predictors of
patients with positive bone metastasis. In addition, for PSA
values, a receiver operating characteristic (ROC) analysis was
performed and data are given as area under the curve (AUC)

with 95% CI and significance levels.

RESULTS

Two hundred twenty consecutive newly diagnosed prostate
cancer patients were included in the analysis. Forty-four
patients had a positive scan indicative of metastatic
disease (20%, 95% CI, 17-24%). Median age of patients
with and without bone metastasis was 69.2 and 64.7 years old,
respectively (P = 0.024-). Among patients with bone metastasis
diagnosis, positive mean PSA concentration and biopsy GS
were significantly higher compared with those without bone
metastasis; 46.1 ng/rnL versus 6.9 ng/mL and 7.4 versus 6.2
respectively [ Table 1] (P < 0.001 and P = 0.024).
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When we used PSA serum concentration <I0 ng/mL,
10 to <20 ng/mL and >20 ng/mL as a cut-off point, of
these 44, patients presented bone metastasis in scintigraphy
four patients (9%) had PSA serum concentration <I0 ng/ mL,
5 (%1I1.3) had PSA serum concentration > 10 to <20 ng/mL
and 35 (79.5%) had PSA concentration >20 ng/mL. According
to ROC analysis, a cut-off value of 19.8 was found with a
sensitivity of 79.5% and specificity of 94.3%. OR for this
cut-off value was 14.0. AUC of the ROC analysis was found
as 0.902 (P < 0.0001) [Figure 1]. The same cutting points
were used for 1706 patients presented without bone metastasis in
scintigraphy; 120 (68.1%) patients had PSA value <10 ng/ mlL,
47 (26.7%) had PSA serum concentration > 10 to <20 ng/mL
and 9 (5.1%) had PSA value >20 ng/mL, as given in Table 2.

By using a PSA >20 ng/ mL as the only criterion for not
taking a staging bone scan nine positive scans (20% of
all positive scans) would have been missed in this cohort.

When the ALP value was used <90 IU/L and >90 IU/L as a
cut-off point of the 220 patients 63 (28.3%) had ALP serum
concentration >90IU/L. Of the 44 patients with bone metastasis
13 (%29.5) had ALP serum concentration >90 IU/L.

Table 1: Characteristics of 220 patients

Characteristics
Number 44 176

Bone scan (+) Bone scan (=) Pvalue

Median age (years) 69.2 (50-79) 64.7 (49-78) 0.024
Median PSA (ng/ml)* 46.1(5.1-1389.9) 6.9 (3.3-48.9) <0.001
Median ALP (IU/L) 65 (21-308) 52 (18-198)  >0.05
Gleason mean* 7.4£0.7 6.2£0.5 0.024
Percentage of cores (mean)* 55 45 >0.05

*P<0.05 by student’s t test. PSA: Prostate specific antigen,
ALP: Alkaline phosphatase

Table 2: Association between PSA, ALP, Gleason score, % of
biopsy cores positive for cancer and bone metastasis

Factors Bone met Bone met % positive
) ) (95 C1)
PSA (ng/ml)
<10 4 120 3(1.7-7)
>10-<20 5 47 9 (4-14)
>20 35 9 79 (33-94)
Total 44 176 20 (14-25)
ALP (IU/L)
<90 31 126 19 (16-24)
>90 13 50 20 (18-23)
Gleason score
4-6 8 53 13 (5-16)
3+4 5 28 15 (8-21)
4+3 13 54 19 (12-28)
8-10 24 39 38 (20-52)
Total 44 176 20 (15-24)
Percent positive cores (%)
<33 13 50 20 (11-32)
34-67 14 46 23 (12-33)
>67 17 48 26 (14-35)
Total 44 144 23 (12-29)

PSA: Prostate specific antigen, ALP: Alkaline phosphatase,
CI: Confidence interval
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Of the 44 patients with the bone metastasis who had GS 4, 5,
6 were 2 (4.5%), 3 (6.8%), 3 (6.8%), respectively. There were
IS patients (34%) with GS 7, of whom 10 (67%) had a major
Gleason pattern of 4 and 5 (33%) of 3. In cases where different
histological patterns were present in different biopsy cores from
the same pathological specimen, the pattern in the most cores or
greater percentage of the specimen was designated as that of the
patient. There was a statistically significantly greater proportion
of positive bone scans in patients with a major pattern of Gleason
grade4 or § (31 / 44) than in those with better differentiated major
patterns (13 / 44) on Chi-squared analysis (P < 0.001) [ Table 2].

PPC information was available for 188 patients. The
percentages of biopsy cores positive were grouped as <33%,
33-67%, and >67% [Table 2]. Increasing risk features
including T stage, PSA, GS, were directly correlated with
increasing PPC (data not shown).

On univariate analysis, positive bone scans, were not associated
with PPC, with higher metastasis as PPC increased. On
multivariate analysis, all factors apart from serum ALP and
PPC remained independently predictive of a positive bone
scan. The strongest correlation with a positive scan was a serum
PSA of > 20 ng/mL (P < 0.001; hazard ratio [HR], 39.8
[95% CI, 10.1-59.5]). The next strongest predictor was the
presence of a GS=> 8 (P=0.001;HR, 7.2[95% CI, 3.0-14.6]).
Serum PSA levels of 10-19.9 ng/ mL did not independently

predict for a positive scan on multivariate analysis [ Table 3].

DISCUSSION

The purpose of this study was to explore of predicting factors
of positive scan in prostate cancer patients. These factors

which were introduced in previous reports are presented in

Table 4.
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Figure 1: Receiver operating characteristics-analysis for prostate
specific antigen values (area under the curve: 0,902, [95% confidence
interval: 0,855; 0,938] P < 0.001)
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Table 3: Multivariate analysis

Factor N P HR (%95 CI)
PSA (ng/ml)

<10 124 1

10-20 57 0.052 3.3(1.2-9.3)

>20 39 <0.001 39.8(12-91.4)
ALP (IU/L)

<90 63 1

>90 157 0.24 1.3 (0.7-3.7)
Gleason score

4-6 61 1

7 100 <0.01 4.9(2.7-10.4)

8-10 63 <0.01 7.2 (3.9-14.1)
Percent of positive cores

0-33 63 1

34-67 60 0.19 2.3 (0.7-6.8)

>67 65 0.17 2.4 (0.8-6.1)

PSA: Prostate specific antigen, ALP: Alkaline phosphatase, HR: Hazard
ratio, CI: Confidence interval

Table 4: Predicting factors of a positive scan introduced in
previous reports

Predicting factors

PSA (pre-treatment concentrations)

Alkaline phosphatase (pre-treatment concentrations)
Gleason grade (based on biopsy)

Percent of positive biopsy cores

Local clinical stage

Prostatic acid phosphatase (pre-treatment concentrations)

PSA: Prostate specific antigen

Following the introduction of PSA, the test soon became the
most commonly utilized prognostic parameter in prostate cancer.
Using PSA cut-offs alone, we found the negative predictive
value of a serum PSA <I0 ng/ mL for the absence of skeletal
metastasis to be 53.7% and serum PSA 10.0-20.0 ng/mL to
be 76.7%. The results of this study confirm those of previous
research, which showed the close relationship between PSA level
and the risk of bone scan positivity.[lo’u] The incidence of bone
metastases in the subgroup with a PSA level of <I0 ng/mL
ranged from 0.0% to 8.3% and our result of 3.2% was also
included within this range.”"*/ Using the PSA cut-off value of
20 ng/ mlL, the incidence of bone metastases sharply increased

to a very high level; 79.5%.

It is known that the bone metastases of different cancers
can be indirectly ascertained through a measurement of
ALP. In our study, no statistically significant difference was
noted in the ALP levels of patients with and without bone
metastasis (P = 0.24; HR, 1.3 [95% CI, 0.7-3.1)).

The current results revealed that bone metastasis is common
in Turkish patients with newly diagnosed, untreated prostate
carcinoma, with an overall positive rate of %20 (44/220)
on bone scans. The positive rate 1s approximately double that
reported recently reported in the United States (8.9%) and
same in Japan."*"* The greater metastasis rate compared to
these studies may be due to different sampling methods.
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Recent studies demonstrated Gleason grade to be a predictor of
bone scans in prostate cancer like pre-treatment PSA values.>¢!
The overall proportion of positive scans was significantly
higher in patients with GS>7 compared to those with GS <7
(22.6% vs. 13.1%; P<0.001). Coincidently with international
literature findings, patients having well-differentiated tumors
and low PSA levels (PSA <I0) were found to have low
positivity rate for bone metastasis. Many report pointed out
that routine bone scanning should not be mandatory in all
newly diagnosed prostate cancer patients.*'* Therefore, our
study demonstrates that a staging radionuclide bone scan in a
patient with untreated prostate cancer and a presenting serum
PSA <20.0ng /mL, GS up to seven in the absence of symptoms
suggestive of bone metastasis is unlikely to be informative,
and should be omitted. Guidelines from Europe and the USA
advocate that the bone scan may be spared in the expected
low-risk patients. For example, the EAU guideline describes
that the bone scan may not be needed in the asymptomatic
patients if the serum PSA is <20 ng/ml in the presence of
well- or moderately differentiated tumors.!"”) The National
Comprehensive Cancer Network guideline recommends that
for symptomatic patients and/or those with life expectancy
of greater than S years, a bone scan is appropriate for patients
with TT-T2 stage, as well as with a PSA level >20 ng/ ml or
GS of >8.1% Indeed, the proportion of the bone metastases
of the present study cohort showed a low prevalence of bone
metastases (in patients with the PSA level <20 ng/ ml [5.3%]
and GS up to 7 [13.1%]).

Although many studies of prostatectomy specimens and
needle biopsies comparing Gleason 4 + 3 with Gleason 3 + 4
adenocarcinoma show a significantly worse prognosis for the
former, in our study there was a statistically insignificant
association between scan positivity and a GS of 4 + 3,
compared with 3 + 4.[1+1920]

The PPC is an independent and powerful predictor of clinical
outcomes of prostate cancer. A risk model replacing T  stage
with the PPC to reduce subjectivity demonstrated potentially
improved stratification.”?") Grossklaus et al?? showed that
the overall percentage of tumor per biopsy set was a good
predictor of final pathological stage after radical prostatectomy.
Furthermore, it was previously reported by Kestin et al. that
percent of positive pre-treatment biopsy cores is a powerful
predictor of biochemical and clinical outcome for prostate
cancer, independent of other known prognostic factors.**
It was reported several times that PPC was associated with
stage, GS, pre-treatment serum PSA level. Combining the
PSA level, biopsy GS and percentage of cores positive from
the dominant side of the prostate resulted in a model that
provided a high degree of prediction for PSA failure after

definitive treatment.?*** PPC should be seriously considered
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as a primary factor in risk group stratification for prostate.
In our study, the percentages of biopsy cores positive were
grouped as <33%, 34-67%, and >67%. This selection was
based on the presumption that more than two-third of the
cores being positive versus one-third to two-third or fewer was
a clinically meaningful difference. The percentage of positive
biopsies, when analyzed in this manner, was not found to be
an independent predictor of positive scans as other known

prognostic factors.

The present study has a number of limitations that should be
mentioned. The data collection was made in a retrospective
fashion and this has limited the power of the results. A large
number of medical records were incomplete and consequently a
great number of patients were excluded from the study. Second,
given the fact that we could not confirm the histology of the
bone metastasis detected by bone scans. Even though, bone
scintigraphy is accurate and highly sensitive, there might be a
margin of error due to specificity. Third there was not a standard
of number of biopsy sites; therefore, the results of this study
may not be applicable to patients with large gland volumes who
had fewer cores obtained, although larger samples were generally
performed in patients with larger prostate gland volumes, possibly
in an effort to decrease sampling error. Needless to say, the
accurate diagnosis of the GS is essential and gives important
information if available, to spare a bone scan at initial staging,

CONCLUSION

Bone scan remains the gold standard for the evaluation of
skeletal metastases. Every year tens of thousands of men newly
diagnosed with prostate cancer are given a bone scan as part of
their “normal” diagnostic Workup. In newly diagnosed prostate
cancer, detection rate is influenced by the prognostic factors;
PSA and biopsy GS. PSA level correlates with the bone scan
result, although all staging bone scan studies in patients with
newly diagnosed, untreated prostate cancer and low serum
PSA level are retrospective and consequently may be prone
to a possible selection bias. Subsequently, clinicians may have
been biased against requesting bone scans in patients with lower
PSA level, resulting in the majority of bone scan investigations
being omitted in patients presenting with PSA <I0 ng/ mL.
Based on the considerations that bone metastases are apt to
develop in a considerable proportion of men with prostate
carcinoma, and because a “positive” radionuclide bone scan is
sensitive but not high speciﬁc, a scan at the time of prostate
carcinoma diagnosis may be a useful baseline study with which
to compare with later scans, most authors recommend bone
scans for men with newly diagnosed prostate carcinoma. In
our study, the bone scan is of limited clinical value if PSA less
than 20 ng/ ml, GS up to seven, but ALP levels and PPC were

not significantly related to positive bone scans although the
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last two parameters are good predictors of clinical outcomes
in several studies. Considering the retrosspective design of our
study, further prospective investigations may help to confirm
our results. Clearly, individual judgment is also helpful on
patients on the margins in order to give the best algorithms
that may be at a higher risk for bony disease and no strict cut
point should be used for all patients.
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