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Background: Though many studies have been performed to elucidate the association between
circulating vitamin D and prostate cancer, no conclusive result is available. We carried out
a dose-response meta-analysis to quantitatively examine the association of circulating 25-
hydroxyvitamin D (25[OH]D) concentration with prostate cancer.

Methods: Only prospective studies examining the associations of circulating 25[OH]D concen-
tration with prostate cancer were eligible for the meta-analysis. A random-effect meta-analysis
was done first, to calculate the summary relative risk (RR) and 95% confidence intervals (CIs)
comparing the higher concentration with the lower concentration of 25[OH]D. A dose-response
meta-analysis using random-effects model was then carried out to evaluate the nonlinearity and
calculate the summary RR caused per 10 ng/mL increment.

Results: Nineteen prospective cohort or nested case—control studies were included. Higher
25[OH]D concentration was significantly correlated with elevated risk of prostate cancer
(RR=1.15,95% CI 1.06—1.24). No nonlinear relationship was found between 25[OH]D concen-
tration and risk of prostate cancer (P=0.654). Dose-response meta-analysis showed that the
summary RR caused per 10 ng/mL increment in circulating 25[{OH]D concentration was 1.04
(95% CI 1.02-1.06). Subgroup analysis also found a modest dose—response relationship. Funnel
plot and Egger’s test did not detect publication bias.

Conclusion: The findings suggest that highest 25[OH]D concentration is correlated with
elevated risk of prostate cancer and a modest dose—response effect exists in this association;
however, more studies are needed.

Keywords: vitamin D, prostate cancer, dose-response meta-analysis

Introduction
Prostate cancer is the most common malignancy among men worldwide.! In addition,
the incidence of prostate cancer has increased significantly in most Asian populations.>
There has been a lot of progress in the therapeutic options including novel molecu-
larly targeted therapeutics for prostate cancer patients in the past decade.** Over the
past decade, many clinical or experimental studies have provided many fundamental
insights into the pathogenesis of prostate cancer.>’ There are a number of risk factors
for prostate cancer reported in published literatures, such as vasectomy and alcohol
intake.®'° However, there is still limited number of modifiable risk factors identified
for prostate cancer and more studies are needed to identify some modifiable risk
factors associated with prostate cancer.

The roles of vitamin D in human diseases have received increased attention,
and it has been regarded as a vital hormone to maintain the normal functions of various
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organs or systems in the bodies.""' Vitamin D has some
extraskeletal biological functions including inhibiting the
progression of cancer cells.'>!® A previous study has found
that vitamin D can exert a key role in decreasing cancer risk."”
Meta-analyses of epidemiological studies have suggested that
higher circulating 25-hydroxyvitamin D (25[OH]D) concen-
tration is correlated with decreased risks of several common
cancers, such as colorectal cancer and bladder cancer.'®"
Considering the preventive effect of vitamin D against cancer,
many researchers also studied the association of circulating
25[OH]D concentration with prostate cancer.?*?® Some
studies reported that higher serum 25[OH]D concentration
modestly increased the risk of prostate cancer.?**3° However,
other studies did not find any correlation of vitamin D with
prostate cancer.?27? These studies have obtained controver-
sial results on the impact of circulating 25[OH]D on prostate
cancer risk, and no conclusive result is available. Thus, we
carried out a comprehensive literature search and performed
a meta-analysis to examine the association of circulating
25[OH]D concentration with prostate cancer.

Methods

Search strategy and inclusion criteria
PubMed and Web of Science were searched for prospective
studies, examining the correlation of circulating 25[OH]
D concentration with prostate cancer, which were eligible
for the meta-analysis. We carried out the literature search
on December 20, 2016. We used combinations of the
following keywords: (“vitamin D” or “25-hydroxyvitamin
D” or “25[OH]D”) AND (“prostate cancer” or “prostate
carcinoma”). The references from included articles were also
checked to identify any additional studies.

Only prospective cohort studies or nested case—control
studies examining the associations of circulating 25[OH]D
concentration with prostate cancer and reporting relative
risks (RRs) of prostate cancer across at least three categories
of circulating 25[OH]D levels were eligible for the meta-
analysis. Case—control studies, cross-sectional studies, and
retrospective cohort studies were excluded. Studies without
RRs of prostate cancer across at least three categories of
25[OH]D concentrations were also excluded. Studies con-
taining overlapping data were also excluded.

Data extraction and quality assessment

Two investigators extracted data independently, and any dis-
agreement was resolved by consensus among all investigators.
For each study, we extracted RRs of prostate cancer compar-
ing the upper categories of circulating 25[OH]D concentra-
tion with the lowest category of circulating 25[OH]D level.

For the dose-response meta-analysis, the number of cases
and noncases, concentration level, and adjusted RR for each
category and its 95% confidence interval (CI) were extracted.
For the studies that did not provide the median or mean
levels of serum 25[OH]D, we used the midpoint of each
category as the alternative. For the open-ended category, the
midpoint of this category was calculated by assuming that
the interval was the same as that of the adjacent category.
When the numbers of cases/noncases in each category were
not available, the numbers were estimated by the methods
proposed by Aune et al.*! For studies that did not set the
lowest category as reference, we used the method described
by Hamling et al** to make a transformation. Furthermore,
we gathered information on study design, country, sample
size, matching factors, and time of follow-up or from blood
collection to diagnosis. Studies with >300 prostate cancer
cases were defined as studies with large sample size, while
those with <300 prostate cancer cases were defined as studies
with small sample size. The quality assessment was done by
the recommendation from Newcastle—Ottawa Scale (NOS),
which encompassed three perspectives including selection
of participants, comparability, and outcome assessment,
and studies scoring at least 6 stars were classified as high-
quality studies.*

Statistical analysis

The homogeneity among those included studies was
estimated by the /? statistic, and /2>50% represented high
concentration of heterogeneity.** A random-effect meta-
analysis was first done to calculate the summary RR and
95% CI comparing the higher concentration with the lower
concentration of 25[OH]D.* The dose-response meta-
analysis was performed using the method proposed by
Greenland and Longnecker*® and Orsini et al.” In order to
explore the nonlinear dose-response curve, serum 25[OH]D
concentrations were modeled using restricted cubic splines
with three knots at fixed percentiles (0.10, 0.50, and 0.90) of
the distribution. The P-value of nonlinearity was calculated
by testing against the null hypothesis that the coefficient of
the second spline was equal to 0. If the nonlinearity was not
statistically significant, the linear dose—response outcomes
were presented per 10 ng/mL (25 nmol/L) increment in serum
25[OH]D by random-effects model.*>’

Subgroup analysis was performed by sample size,
publication year, study designs, and adjustment for calcium
intake. Sensitivity analysis was carried out by excluding
any single study by turns. Publication bias was evaluated
by funnel plot and the Egger test.® The traditional meta-
analysis was carried out using STATA (Version 12.0),
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and the dose-response meta-analysis was performed by R
and its dosresmeta package.®

Results

Characteristics of included studies

The study selection process is shown in Figure 1.
Though >1,530 articles were found, only 42 studies
were possibly eligible and evaluated by checking the full
texts.1620-3040-6 Tyyenty-three studies were then excluded,'¢4%-¢!
and the remaining 19 studies were considered eligible.?3%62¢
There were three prospective cohort studies and 16 nested
case—control studies (Table 1). Most studies were carried out in
Europe and USA except one study from Japan (Table 1). The
number of prostate cancer cases in those 19 studies varied obvi-
ously and ranged from 61 to 2,106 (Table 1). A total of 12,786
prostate cancer cases and 35,583 participants were included in
those 19 studies. There were seven studies with <300 prostate
cancer cases and 12 studies with >300 prostate cancer cases
(Table 1). All 19 studies reported the adjusted RRs of prostate
cancer across at least three categories of circulating 25[OH]D
levels. According to the NOS criteria, all included studied
scored >6 stars and thus had high quality.

Meta-analysis

When performing meta-analysis of RRs comparing the
higher concentration with the lower concentration of 25[OH]D,
there was good homogeneity among those included studies

Records identified through database searching
¢ PubMed (n=1,286)
e Embase (n=1,473)

A

y

Records after du
(n=1

plicates removed
,539)

v

(I*=0%). Higher 25[OH]D concentration was significantly
correlated with elevated risk of prostate cancer (RR =1.15,
95% CI 1.06-1.24, P=0.001) (Figure 2). The summary RR
was not significantly changed in the sensitivity analysis.
As shown in Table 2, in the subgroup analysis of studies with
small sample size, with cohort study design, there was no
significant correlation of circulating 25[OH]D concentration
with prostate cancer. The adjustment for calcium supplemen-
tation did not change the positive association between the
serum 25[OH]D and risk of prostate cancer.

For the dose-response meta-analysis, as shown in
Figure 3, there was no nonlinear relationship between
circulating 25[OH]D concentration and the risk of prostate
cancer (P=0.654). When performing meta-analysis of RRs
of prostate cancer risk caused by per 10 ng/mL increment in
circulating 25[OH]D level, there was also good homogeneity
among those included studies (’=0%). Linear dose-response
meta-analysis showed the summary RR caused by per
10 ng/mL increment in circulating 25[OH]D concentration
was 1.04 (95% CI 1.02-1.06, P<<0.001) (Figure 4). The
summary RR was not significantly changed in the sensitivity
analysis. As shown in Table 2, subgroup analysis using
data from studies of large sample size also found a modest
dose—response relationship (RR =1.04, 95% CI 1.02-1.06,
P<0.001). However, subgroup analysis using data from
studies of small sample size or cohort study design did not
find an obvious dose-response relationship (Table 2).

Full-text articles assessed for eligibility
(n=42)

v

1,497 records were excluded as they
were not relevant to the topic or because
the research subject was cells or animals

Studies included

in qualitative and

quantitative analysis
(n=19)

Figure | Selection of studies for inclusion in meta-analysis.

A4

23 studies were excluded for the following reasons:
cross-section study (n=4)

retrospective case—control study (n=9)

mortality (n=2)

letter without data (n=3)

no relevant data provided (n=2)

control is not suitable (n=2)

vitamin D intake but not serum level (n=1)
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Table | Characteristics of included studies on the association between circulating vitamin D concentrations and prostate cancer

References Design Country Participants Time of follow-up or Quality
from blood collection (NOS score)
to diagnosis

Braun et al Nested USA 61 prostate cancer cases and 14 years High

(1995)® case—control 122 matched controls (6)

Nomura et al Nested USA 136 cases of prostate cancer and 23 years High

(1998)%! case—control 136 matched controls 7)

Tuohimaa Nested Norway, Finland, 622 prostate cancer cases and 10 years High

et al (2004)%° case—control and Sweden 1,451 matched controls 7)

Platz et al Nested USA 460 prostate cancer cases and 2.2 years High

(2004)% case—control 460 matched controls 9)

Jacobs et al Nested USA 83 prostate cancer cases and 5.2 years High

(2004)% case—control 166 matched controls (8)

Baron et al Prospective USA 672 men and 70 incident prostate 10.3 years High

(2005)2 cohort cancer cases (8)

Faupel-Badger Nested Finland 296 prostate cancer cases and 9.26 years High

et al (2007)% case—control 297 matched controls (8)

Ahn et al Nested USA 749 case patients with incident prostate 8 years High

(2008)% case—control cancer and 781 matched control subjects 9)

Travis et al Nested Europe 652 prostate cancer cases matched to 4.1 years High

(2009)%8 case—control 752 controls (8)

Park et al Nested USA 329 prostate cancer cases and Not reported High

(2010)% case—control 656 matched controls @)

Barnett et al Prospective USA 5,995 men and 297 incident prostate 5.3 years High

(2010)% cohort cancer cases 7)

Albanes et al Nested Finland 1,000 prostate cancer cases matched to 20 years High

(2011)%* case—control 1,000 controls )

Brandstedt Nested Sweden 943 prostate cancer cases and 7.6 years High

etal (2012)* case—control 943 matched controls (7)

Shui et al Nested USA 1,260 prostate cancer cases matched to 5.2 years High

(2012)% case—control 1,331 matched controls 9)

Meyer et al Nested Norway 2,106 prostate cancer cases matched to 16.1 years High

(2013)% case—control 2,106 matched controls 9)

Kristal et al Nested USA 1,731 prostate cancer cases and Not reported High

(2014)% case—control 3,203 cohort participants (8)

Skaaby et al Prospective Denmark 12,204 individuals and 133 cases I'1.3 years High

(2014)7 cohort (8)

Schenk et al Nested USA 1,695 cases and 1,682 matched controls 7 years High

(2014)% case—control 9)

Sawada et al Nested Japan 201 cases and 402 matched controls 12.8 years High

(2017)* case—control )

Note: The quality was rated by NOS and studies scoring at least 6 stars were classified as high-quality studies.

Abbreviation: NOS, Newcastle-Ottawa Scale.

The funnel plot did not detect publication bias (Figure 5).
Besides, the P-value of Egger test was 0.48 and provided
another evidence for the lack of publication bias.

Discussion

Though the preventive roles of vitamin D have been found
in several cancers, its role in the development of prostate
cancer is still unclear. Those published studies did not
report consistent findings. We therefore carried out a dose—
response meta-analysis to quantitatively elucidate the impact
of circulating 25[OH]D concentration on prostate cancer.
A total of 19 prospective studies were finally eligible for the

meta-analysis. We found that higher 25[OH]D concentration
was significantly correlated with elevated risk of prostate
cancer (RR =1.15, P=0.001; Figure 1). Dose—response meta-
analysis showed the summary RR of prostate cancer caused
by per 10 ng/mL increment was 1.04 (P<<0.001; Figure 2).
Therefore, the findings from the meta-analysis suggested that
higher 25[OH]D concentration was correlated with elevated
risk of prostate cancer and a modest dose—response effect
existed in this association.

In human bodies, vitamin D is mainly synthesized in
the skin after exposure to solar UV radiation and vitamin D
can also be ingested from some foods.”®’! 25[OH]D is the
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Reference RR (95% Cl) % weight

T
Braun et al (1995)% : > 2.40 (0.80, 8.20) 0.47
Nomura et al (1998)?" + : 0.80 (0.40, 1.80) 1.12
Tuohimaa et al (2004 )% : - 1.70 (1.10, 2.40) 4.15

I
Platz et al (2004)% | - 1.27 (0.86, 1.86) 4.24
Jacobs et al (2004)% € : 0.75(0.29, 1.91) 0.71
Baron et al (2005)% — 1.32(0.72, 2.43) 1.71

|
Faupel-Badger et al (2007)53 - i 0.89 (0.49, 1.62) 1.77
Ahn et al (2008)%2 S B o — 1.18 (0.83, 1.68) 5.08
Travis et al (2009)°® — 1.28 (0.88, 1.88) 4.38
Park et al (2010)% - 1.17 (0.72, 1.89) 2.71

I
Barnett et al (2010)% - 1.11 (0.64, 1.91) 2.1
Albanes et al (2011)%®° ——— 1.36 (1.01, 1.82) 7.28
Brandstedt et al (2012)?* S——— 1.29 (0.96, 1.73) 7.28

I
Shui et al (2012)°7 — - 1.05 (0.84, 1.32) 12.35
Meyer et al (2013)% —|—o— 1.17 (0.93, 1.48) 11.69
Kristal et al (2014)% —_— 0.98 (0.78, 1.21) 13.09
Skaaby et al (2014)%" » ' 0.91 (0.54, 1.52) 2.36
Schenk et al (2014)?° —_—— 1.10 (0.90, 1.35) 15.35
Sawada et al (2017)% . 1.13 (0.66, 1.94) 217
Overall (/=0.0%, P=0.725) Q 1.15(1.06, 1.24) 100

l

1

| | | | |

0.3 0.5 1

RR value

Figure 2 Higher 25[OH]D concentration was significantly correlated with elevated risk of prostate cancer.

Note: Weights are from random effects analysis.

Abbreviations: 25[OH]D, 25-hydroxyvitamin D; Cl, confidence interval; RR, relative risk.

hydroxylated form of vitamin D, which is the mostly used
biomarker of circulating vitamin D and widely used in clinical
practice.”” A large number of published studies have found
that vitamin D can exert a key role in decreasing cancer
risk.'”1%7375 The antitumor effects of vitamin D have been

well established in several cancers, such as colorectal cancer
and bladder cancer.'®!"” On the contrary, some studies found
that vitamin D did not exert an antitumor effect in prostate
cancer but even caused elevated risk of prostate cancer.?*2°3
This present meta-analysis of 19 prospective studies provided

Table 2 The results of subgroup analysis between 25[OH]D concentration and risk of prostate cancer

Subgroups Number Number of cases/ RR and 95% ClI RR and 95% CI (per Heterogeneity
of studies participants (higher vs lower) 10 ng/mL increment) (1%, P-value)

All studies 19 12,824/35,583 1.15 (1.06—1.24) 1.04 (1.02-1.06) 0%, 0.725
Study size

Small 7 1,207/8,999 1.00 (0.79-1.28) 0.99 (0.93-1.05) 0%, 0.746

Large 12 11,617/26,584 1.17 (1.07-1.27) 1.04 (1.02—1.06) 0%, 0.601
Publication year

Before 2010 9 3,129/7,896 1.25 (1.07-1.48) 1.03 (0.99-1.10) 0%, 0.487

After 2010 10 9,695/27,687 1.12 (1.02-1.22) 1.06 (1.02—1.10) 0%, 0.825
Study designs

Cohort 3 500/7,771 1.08 (0.78-1.49) 0.99 (0.89-1.12) 0%, 0.597

Nested case—control 16 12,324/27,812 I.15 (1.06—1.25) 1.05 (1.02-1.09) 0%, 0.654
Adjusted for calcium intake

Adjusted 5 2,963/6,691 1.27 (1.08-1.50) 1.10 (1.02-1.18) 0%, 0.965

Not adjusted 14 9,861/28,892 .11 (1.02-1.22) 1.03 (1.00-1.08) 0%, 0.570

Abbreviations: 25[OH]D, 25-hydroxyvitamin D; Cl, confidence interval; RR, relative risk.
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Figure 3 Nonlinear dose-response relationship between 25[OH]D concentration and risk of prostate cancer.
Abbreviations: 25[OH]D, 25-hydroxyvitamin D; RR, relative risk.
Reference RR (95% Cl) % weight
Braun et al (1995)2 : * > 1.17 (0.90, 1.51)  0.53
Nomura et al (1998) * : 0.95(0.83,1.09) 1.91
Tuohimaa et al (2004)%° _— 1.10 (1.02, 1.19) 5.96
Platz et al (2004)° :: 1.03(0.91,1.15) 258
Jacobs et al (2004)% £ : 0.97 (0.79, 1.18) 0.88
Baron et al (2005)? : g 1.07 (0.92,1.25) 1.51
Faupel-Badger et al (2007)% € * : 0.91(0.73,1.13) 0.74
Ahn et al (2008)62 —_1— 1.06 (0.97, 1.15) 4.89
Travis et al (2009)% —_— 1.05(0.96, 1.13)  5.33
Park et al (2010)5 : 1.00 (0.90, 1.11) 3.22
Barnett et al (2010)% - E 1.01(0.87,1.18) 1.52
Albanes et al (2011)% —_— 1.10 (1.01,1.19) 5.26
Brandstedt et al (2012)* —4== 1.07 (1.01,1.14) 9.66
Shui et al (2012)¢7 — 1.01(0.94,1.07) 8.44
Meyer et al (2013)% —E—o— 1.06 (1.01, 1.10) 19.43
Kristal et al (2014)% — 0.98 (0.93,1.03) 13.57
Skaaby et al (2014)% * : 0.97 (0.82,1.13) 1.38
Schenk et al (2014)® e 1.03 (0.97, 1.09) 10.41
Sawada et al (2017)% ° : 1.02 (0.91, 1.14) 2.79
Overall (/2=0.0%, P=0.473) Q 1.04 (1.02,1.06) 100
|
| : T |
0.8 1 1.2 15
RR value

Figure 4 Linear dose—response relationship between circulating 25[OH]D concentration and prostate cancer.
Note: Weights are from random effects analysis.
Abbreviations: 25[OH]D, 25-hydroxyvitamin D; Cl, confidence interval; RR, relative risk.
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Begg’s funnel plot with pseudo
95% confidence limits

0.4
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0.2 —
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—
0.2 T
0 0.05 0.1 0.15
SE of LogRR

Figure 5 The funnel plot in the dose—response meta-analysis did not detect
publication bias.
Abbreviations: RR, relative risk; SE, standard error.

epidemiological evidence for the tumor-promoting effect of
vitamin D in prostate cancer though the effect was modest.
However, no clear biological relationship has been found
between high levels of vitamin D and an increased risk of
prostate cancer. We can only speculate on the cause for the
tumor-promoting effect of vitamin D in prostate cancer.”
One reason might be that 25[OH]D may be a marker of other
factors that related to the risk of prostate cancer. For example,
insulin-like growth factor-I (IGF-I) has been related to pros-
tate cancer’®”’® and a relationship between 25[OH]D and
insulin-like growth factor-1 has been reported.” Moreover,
higher 25[OH]D might be associated with an increased detec-
tion rate of prostate cancer.” However, we cannot rule out this
detection bias using the summary outcome from the included
studies in our research. The findings in the meta-analysis
may have important indications from the supplementation
of vitamin D in men. The use of vitamin D in men with high
risk of prostate cancer may be cautious considering the tumor-
promoting effect of vitamin D in prostate cancer.

A major strength of this meta-analysis was the inclusion of
a total of 19 prospective cohort studies or nested case—control
studies. The large number of participants in the meta-analysis
could help us quantitatively examine the association of circu-
lating 25[OH]D concentration with prostate cancer and get a
more credible finding. As shown in Table 1, all included studies
used a prospective design and reported adjusted RRs of prostate
cancer, which ensured the appropriate selection of participants,
the correct assessment of outcomes. In addition, there were
12 studies with >300 prostate cancer cases, which could
increase the statistical power and decrease the risk of possible
bias caused by small sample size (Table 1). Another strength
of this meta-analysis was the good homogeneity among those

included studies (/*=0%), which suggested the lack of obvious
heterogeneity in the meta-analysis. There was good homoge-
neity in both the meta-analysis of RRs comparing the higher
concentration with the lower concentration of 25[OH]D and
the meta-analysis of RRs of prostate cancer risk caused by per
10 ng/mL increment. There is no doubt that the homogeneity
could strengthen the evidence for the tumor-promoting effect
of vitamin D in prostate cancer found in the meta-analysis.

There were several limitations and the outcomes should
be interpreted cautiously. First, some included studies did
not consider the influence of other factors, such as vitamin D
intake and sun exposure, on the association between circulat-
ing 25[OH]D concentration and prostate cancer, which might
cause possible risk of bias. Therefore, more studies taking
into account those factors are needed to provide a more defi-
nite assessment of the influence of circulating 25[OH]D con-
centration on prostate cancer risk. Second, the reagents used
to detect circulating 25[OH]D concentration were various
across those included studies, which could cause possible
heterogeneity in the meta-analysis. However, there was good
homogeneity among those included studies (/>=0%), which
proved the little influence of different reagents used to detect
circulating 25[OH]D concentration in the meta-analysis.
Third, because all the included studies were done in devel-
oped countries and most studies were done in the Western
countries (northern Europe and USA), the findings could not
be generalized to other countries from different ethnicities.
There was only one study with small sample size from Asian
countries.?® Participants in the studies that conducted in the
USA were mostly white, and only one study with moderate
sample size had multiple ethnics.®® Therefore, more studies
assessing the correlation of vitamin D with prostate cancer
risk from other ethnicities and developing countries are
needed. Finally, results of subgroups were based on a limited
number of studies and we cannot rule out the possibility that
insufficient statistical power may be present.

Conclusion

The findings from the meta-analysis suggest that higher
25[OH]D concentration is correlated with elevated risk of
prostate cancer and a modest dose—response effect exists.
Besides, these results need to be validated in further studies.
The biological explanation for the positive correlation of
vitamin D with prostate cancer risk is unclear, and further
research is needed to address this issue.
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