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Risk of prostate cancer in men with spinal cord
injury: a systematic review and meta-analysis

Arcangelo Barbonetti', Settimio D’Andrea?, Alessio Martorella®, Giorgio Felzani', Sandro Francavilla?,
Felice Francavilla®

A lower risk of prostate cancer has been reported in men with spinal cord injury (SCI) as compared to that observed in able-bodied
subjects. As injury-related consequences can have opposite effects on prostate pathophysiology, this meta-analysis aimed to
(1) establish the existence/quantify the extent of decreased prostate cancer risk following SCI and (2) find out if there is any
statistically significant difference in prostate-specific antigen (PSA) levels between SCI and able-bodied subjects. MEDLINE,
Cochrane Library, Scopus, CINAHL, and ScienceDirect databases were used. Only studies reporting a prostate cancer diagnosis
and/or PSA levels following SCI and in able-bodied controls were included. Five studies provided information about prostate cancer
on 35 293 subjects with SCI and 158 140 controls. Six studies were included in PSA analysis which reported information on
391 men with SCI and 1921 controls. Pooled estimates indicated that SCI reduced the prostate cancer risk by approximately 50%
as compared to controls, whereas differences in PSA levels were not statistically significant. Funnel plots suggested the presence
of publication bias only in PSA analysis. Between-study heterogeneity was established and when, according to meta-regression
models, analysis was restricted to studies including men with mean age over 55 years, prostate cancer risk in SCI decreased up to
65.0% than that in controls with no heterogeneity (P = 0.33, 12 = 9%). In conclusion, in men over 55 years old, SCI decreases the
prostate cancer risk up to 65.0% than that in controls. The large between-study heterogeneity on PSA confirms its poor reliability

as a screening tool for prostate cancer in SCI.
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INTRODUCTION

Every year, spinal cord injury (SCI) occurs in 17 000 individuals in
the United States and approximately 80% of these individuals are
males.! Yet, with advancements in technology and routine checkups,
the life expectancy for these patients has improved substantially and
approached to that of the general population,? with the result that most
patients with SCI are likely to go through age-related problems. Age,
in particular, represents a well-known risk factor for prostate cancer,
which is the most frequently diagnosed cancer among males aged
65-74 years; it is also the third leading cause of cancer-related death
in the United States.® Therefore, it is expected that a larger number
of patients with SCI may develop prostate cancer later in their lives.
Moreover, the techniques of management of neurogenic bladder,
including catheterization, predispose the patients to recurrent urinary
tract infections following SCI. The resultant chronic inflammation of
the prostate may increase the risk of developing prostate cancer in
these subjects, which can be concluded on the basis of an established
association between prostatitis and prostate cancer, as documented
by population-based case-control studies.* Nevertheless, a lower
prevalence of prostate cancer has been reported among individuals
with SCI as compared to able-bodied age-matched individuals. The
low levels of circulating androgens,”* along with the loss of neurogenic

stimulation of prostate growth and activity,'*-'? peculiar to individuals
with SCI, could prove to be protective to some extent, thus contributing
to explaining a lower risk of prostate cancer, which, for all practical
purposes, usually discourages screening programs in this population.
In reality, the utility of enrolling men with SCI in screening programs
is not clear because of the uncertainty in the efficiency of the use of
prostate-specific antigen (PSA) as a screening tool for prostate cancer
in these subjects. On the one hand, a low prostate volume, peculiar to
males with chronic SCI,"*-'” would be associated with lower levels of
PSA when compared to age-specific reference ranges; on the other hand,
chronic prostate inflammation, catheterization, and repeated manual
bowel evacuation are expected to yield falsely elevated PSA levels. As
aresult, several case—control studies have produced conflicting results,
reporting either lower, similar or higher serum PSA levels in males
with SCI as compared to that in able-bodied age-matched subjects.'
In this scenario, where the actual level of the decreased prevalence of
prostate cancer in SCI has not yet been determined, the limited use of
screening programs could be the reason why prostate cancer would be
diagnosed at an advanced stage and grade in this population.'®

In order to assess the relationship of SCI with prostate cancer
and PSA levels comprehensively, we carried out a meta-analysis of
the available case-control studies, aiming to answer the following
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questions: (1) “Does, and to what extent, the presence of SCI decrease
the risk of prostate cancer with respect to the general population?”
and (2) “Is there any statistically significant difference in PSA levels
between males with SCI and their able-bodied age-matched controls?”

MATERIALS AND METHODS

The study was conducted according to the Cochrane Collaboration
and the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement;" it also complies with the
guidelines for Meta-Analyses and Systematic Reviews of Observational
Studies (MOOSE).?* PRISMA and MOOSE Checklists have been
presented as Supplementary Table 1 and 2. The International
prospective register of systematic reviews (PROSPERO) registration
number is CRD42017057672.

Systematic search strategy

We conducted a systematic search in MEDLINE, Cochrane Library,
Scopus, CINAHL, and ScienceDirect to identify all relevant studies in
English language with the terms: (“spinal cord injur*” OR “spine injur*”
OR “spinal injur*” OR paraplegia OR tetraplegia OR quadriplegia)
AND (prostate OR “prostate specific antigen” OR PSA OR “prostate
tumour” OR “prostate neoplasm” OR “prostate adenocarcinoma”). If
it was not clear from title and abstract whether the paper contained
relevant data, the full paper was retrieved. The references cited in
all full-text articles were also hand-searched in an effort to obtain
additional studies for inclusion.

Inclusion and exclusion criteria

The primary outcome of interest was the relationship between SCI and
prostate cancer. The secondary outcome was the difference in serum PSA
levels between males with SCI and able-bodied subjects. The eligibility
criteria used for the study were: (1) observational case—control studies,
enrolling individuals aged 18 years or older having SCI and an able-bodied
control group; (2) availability of odds ratios (ORs) for prostate cancer or
data for its calculation and/or mean * standard deviation (s.d.) of PSA
levels in both groups. Two independent reviewers (AB and SDA) assessed
the eligibility of each selected paper; any disagreement was resolved via
discussion involving a third reviewer (FF).

Data extraction

Data were extracted from the selected articles by including the first
author, publication year, geographic region, and mean age of participants.
From the studies evaluating prostate cancer, we extracted the number
of events (prostate cancer) and the total number of participants in
cases (males with SCI) and controls (age-matched able-bodied subjects);
from the studies reporting PSA levels, we obtained mean + s.d. of PSA
measurement along with the total number of participants in cases and
controls. Where data were missing or inconsistent, the authors were
contacted to obtain the necessary information.

Quality assessment

The quality of studies was assessed through the “star system” of the
Newcastle-Ottawa Quality Assessment Scale (NOS).* The minimum
number of stars was 0 and the maximum that could be awarded was
9 stars. Those getting scores >7 were regarded as high-quality studies.
The quality assessment was performed by two reviewers (AB and FF).
Any disagreement was resolved by a third author (SF) who reevaluated
the original study.

Statistical analysis
The relationship between SCI and prostate cancer was assessed using OR
and 95% confidence interval (95% CI) as well as by Mantel-Haenszel
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estimates. The differences in PSA levels were assessed by calculating
the standardized mean difference (SMD). In the presence of significant
heterogeneity, data were combined using random effects models,
which assumed that the included studies have varying effect sizes, thus
providing a conservative estimate of the overall effect. For nonsignificant
heterogeneity, the results were pooled in a fixed effects model.

The Cochran’s Chi-square (Cochran’s Q) test and the I? test were
carried out to analyze statistical heterogeneity between the results of
different studies. I? <25% was considered as no heterogeneity, whereas
I? >50% and/or P < 0.05 indicated substantial heterogeneity. In order
to illustrate heterogeneity that may not be fully conveyed by 95% CI,
95% prediction intervals were also included in the summary results
of random effects models, as previously reported.”

Meta-regression and subgroup analyses were conducted to
investigate between-study heterogeneity, by taking into account
covariates that could affect the estimates. In particular, predictors which
might be potential sources of heterogeneity, such as publication year,
geographic region, NOS quality score of the studies, sample size, and
mean age of the participants, were included in linear meta-regression
models where the regression coefficient () described how the outcome
variable (the estimate) changed with a unit increase in the explanatory
variable (the potential effect modifier). Publication bias was graphically
identified using funnel plots.

The extracted data were analyzed using the R statistical software
(version 3.0.3; R Foundation for Statistical Computing, Vienna,
Austria) and the Review Manager (RevMan) of the Cochrane Library
(version 5.3, 2014; The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark).

RESULTS
Study selection and quality assessment
The electronic search yielded 1159 studies. Three articles were retrieved
from the manual search. After removal of duplicate, 839 studies were left,
802 of which were excluded as they were irrelevant on the basis of titles
and abstracts. Hence, as shown in Figure 1, a total of 37 studies were
identified; however, only 9 of them met the inclusion criteria.!>!*!6-1823-26
The details of the selected articles are reported in Table 1.

Five studies evaluated the difference in the prevalence of prostate
cancer between males with SCI and able-bodied controls.'?!¢-182 In all
the studies, the included males were diagnosed with prostate cancer

Records identified through
database searching (n= 1159) | | Additional records identified
MEDLINE (n= 320) through other sources
Scopus (n=549) (n=23)
CINAHL (n = 27)

ScienceDirect (n= 262)
Cochraine Library (n= 1)

Records after duplicates removed
(n = 839)

Records screened
(n=839)

ing J

Records excluded based on title
or abstract reading
(n=1802)

Ful-text articles excluded,
with reasons (n = 28)
*Wrong endpoints = 15
*Wrong assessment of endpoint = 1
«Case reports = 1
l *Reviews =5
“Intervention trial = 1
=Lack of control group = 5

Full-text articles
assessed for eligibility
(n=37)

] [ Eligibility ] [

Studies included in
qualitative and
quantitative synthesis
(meta-analysis)
(n=9)

Included

(

Figure 1: Flow diagram showing an overview of the study selection process.
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after they sustained SCI. Six studies reported serum PSA levels between  investigating the risk of prostate cancer. On the contrary, a clear
the two groups of subjects.!>1617:23-25 asymmetry was observed in the funnel plot of studies analyzing PSA

Quality rating of the studies, based on the NOS score, is outlinedin  levels (Figure 3b).
Table 2. Quality scores ranged from 5 to 8. Eight articles were considered As between-study heterogeneity in the pooled analyses was

to be of high quality,'>'*1¢-1%2426 scoring >7; one article was assessed to ~ found (Figure 2), linear meta-regression analyses were performed
be moderate.” In the study by Lynne et al.** a selection bias could not  in order to detect possible covariates responsible for this variability.
be ruled out since that study enrolled only volunteers and comparability It was observed that only the mean age of study population
could not be ensured by adjusting either on age or other variables. contributed significantly to the source of heterogeneity in the analysis
of prostate cancer: the older age of the participants was significantly
associated with a higher decrease in OR for prostate cancer in SCI
as compared to the controls (f = —0.10; 95% CI: —0.19 to —0.01;
P = 0.02). Accordingly, in a subgroup analysis (Figure 4a), where
we excluded the study by Torricelli et al.”” and the largest study by
Lee et al.’? both reporting a mean age of participants to be <55 years,
the pooled OR for the association between SCI and prostate cancer
further decreased up to 0.35 (95% CI: 0.22 to 0.56, P < 0.0001) with
no heterogeneity (P, ...ozenery = 0-33, I = 9%).

As far as PSA levels were concerned, in the linear meta-regression
models, both sample size and NOS quality score of the studies
contributed significantly to heterogeneity: lower values of SMD,
indicative of lower PSA levels in SCI as compared to that in controls,
were associated with a higher NOS quality score (8 = —1.48; 95% CI:
Publication bias and heterogeneity evaluation —-1.92 to —1.04; P < 0.0001) and a larger sample size of the study
As shown in Figure 3a, the reasonably symmetrical shape of funnel  population (8 = —0.03; 95% CI: —0.06 to —0.001; P = 0.03). In a
plot suggested the absence of obvious publication bias among studies ~ subgroup analysis (Figure 4b), where we excluded the study by

Synthesis of results

Overall, five studies evaluating the risk of prostate cancer!>¢-182
provided information on 35 293 males with SCI and 158 140 able-bodied
controls. As shown in Figure 2a, pooled OR suggested that the
presence of SCI reduces the risk of prostate cancer by almost one-half
as compared to that in able-bodied males (OR = 0.47, 95% CI: 0.27
to 0.83, P = 0.009). Between-study heterogeneity was revealed by I*
value >50% (P, .. =0.06, P = 56%).

The six studies that reported PSA levels'>!¢172-25 provided
information on 391 males with SCI and 1921 able-bodied controls.
As shown in Figure 2b, the overall difference between the two groups
was not found to be statistically significant (pooled SMD: 0.11, 95%
Cl: -0.46 t0 0.68, P=0.7; P < 0.00001, I* = 95%).

for heterogeneity

Table 1: Characteristics of the nine studies included

Study Geographic Endpoints of Endpoint assessment Age of SCI Age of control SCI level
region interest group (year) group (year)
Lynne et al.?® 1999 USA PSA EIA >24 >19 C: 38%; T: 52%; LS:
5%; Unknown: 5%

Konety et al.?* 2000 USA PSA EIA >40 >40 NA
Pannek et al.'* 2003 Germany PSA EIA >35 >35 NA
Alexandrino et al.?> 2004 Brazil PSA EIA >18 >18 C: 17%; T: 80%; L: 3%
Scott et al.'® 2004 USA PSA? and prostate Cancer registry and >50 >50 NA

cancer clinic databases
Bartoletti et al.}® 2009 Italy PSA and prostate PSA: EIA; prostate >52 >58 T12 and above: 80.5%;

cancer cancer: biopsy L1 and below: 19.5%
Patel et al.?® 2011 USA Prostate cancer Hospital registry >40 >40 C: 48%; T: 43%; LS: 9%
Torricelli et al.'” 2011 Brazil PSA and prostate PSA: NA; prostate >33 >36 NA

cancer cancer: biopsy
Lee et al.'? 2014 China Prostate cancer Histological diagnosis >20 >20 NA

on illness registry

“The PSA values reported by Scott et al.'® were not included in the meta-analysis as they were measured only in men with a diagnosis of prostate cancer. EIA: enzyme immunoassay; NA:
not available; PSA: prostate-specific antigen; SCI: spinal cord injury; C: cervical; T: thoracic; LS: lumbosacral; T12: twelfth thoracic vertebra; L1: first lumbar vertebra

Table 2: Newcastle—Ottawa Quality Assessment Scale for case—control studies

Study Selection Comparability Exposure Total
Definition ~ Representativeness  Selection  Definition ~ On  On other Assessment Same methods of  Non-response
of exposure of controls  of controls  age risk of exposure  ascertainment for rate
factors cases and controls
Lynne et al.*> 1999 1 0 1 1 0 0 1 1 0 5
Konety et al.* 2000 1 0 1 1 1 1 1 1 0 7
Pannek et al.’®> 2003 1 1 1 1 1 0 1 1 0 7
Alexandrino et al.?®> 2004 1 1 1 1 1 0 1 1 0 7
Scott et al.'® 2004 1 1 1 1 0 0 1 1 1 7
Bartoletti et al.’® 2009 1 1 1 1 1 0 1 1 1 8
Patel et al.?6 2011 1 1 1 1 1 0 0 1 1 7
Torricelli et al.}” 2011 1 0 1 1 1 0 1 1 1 7
Lee et al.l? 2014 0 1 1 1 1 1 1 1 1 8
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ScCl Control Qdds ratio Qdds ratio

Study or subgroup Events Total Events Total  Weight M-H, random, 95% CI M-H, random, 95% CI

Bartoletti et al. 2009 0 113 10 109 3.5% 0.04 (0.00, 0.72)

Lee et al. 22014 107 34173 671 136692  42.8% 0.64 (0.52, 0.78) a

Patel et al. % 2011 7 350 18 344 21.1% 0.37 (0.15, 0.90) —

Scott et al. '® 2004 1" 636 919 20949  29.8% 0.38 (0.21, 0.70) —a

Torricelli et al. ' 2011 1 21 0 46 2.8% 6.80 (0.27, 174.19) ]

Total (95% Cl) 35293 158 140 100.0% 0.47 (0.27, 0.83) <&

Prediction interval (0.02, 1.88)

Total events 126 1618

Heterogeneity: Tau? = 0.18; Chi?= 9.18, df = 4 (P = 0.06); F= 56% k U t |
Test for overall effect: Z= 2.63 (P = 0.009) 0.001 . .0'1 ! 10 . 1000
E Lower risk in SCI Lower risk in controls

SClI Control Std.mean difference Std.mean difference

Study or subgroup Mean s.d. Total Mean sd. Total Weight IV, random, 95% CI IV, random, 95% CI

Alexandrino et al. 2004 0918 0665 44 0976 0.853 44 16.9% -0.08 (-0.49, 0.34) I

Bartoletti et al. '° 2009 1.42 112 113 32 207 109 17.8% -1.07 (-1.35, -0.79) -

Konety et al. * 2000 15 1.5 79 16 1.8 501 18.0% -0.06 (-0.29, 0.18) -

Lynne et al. % 1999 12 0.19 21 069 007 22 11.9% 3.53 (2.54, 4.51) D
Pannek et al. 2003 1.2 0.9 100 1.9 1.6 575 18.1% -0.46 (-0.67, -0.25) -

Torricelli et al. 72011 1.81 1.91 34 195 1.88 670 17.4% -0.07 (-0.42, 0.27) -

Total (95% Cl)
Prediction interval

1921 100.0%

Heterogeneity: Tau? = 0.46; Chi?= 95.66, df = 5 (P < 0.00001); £#= 95%
Test for overall effect: Z=0.39 (P = 0.70)

0.11 (-0.46, 0.68)
(-1.79, 2.01)

s s s |
1 1 1 t

-2 2
Lower levels in SCI Lower levels in controls

Figure 2: Forest plots depicting (a) the odds ratios for prostate cancer in men with SCI and able-bodied controls, and (h) standardized mean difference in
the serum levels of PSA between men with SCI and able-bodied controls. Diamonds indicate the overall summary estimates for the analysis (the width of
the diamonds represents the 95% Cl); boxes indicate the weight of the individual study in the pooled analysis. The serum PSA levels are reported with
ng ml-t. Cl: confidence interval; df: degrees of freedom; IV: inverse variance; M—-H: Mantel-Haenszel; s.d.: standard deviation; std.: standardized; PSA:

prostate-specific antigen; SCI: spinal cord injury.
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Figure 3: Funnel plots of an overall analysis of the relationship of spinal cord
injury with (a) prostate cancer risk and (b) serum prostate-specific antigen
(PSA) levels.

Lynne et al.” exhibiting both the lowest NOS score (Table 1) and the
smallest sample size, the pooled SMD indicated lower PSA levels in
SCI, which, however, were not statistically significant (SMD: —0.36;
95% CI: -0.74 to 0.02, P = 0.07) and associated with the persistence of
large heterogeneity (P < 0.00001, I* = 89%).

for heterogeneity

DISCUSSION
Although alower risk of prostate cancer has been reported among males
with SCI as compared to the able-bodied age-matched individuals, the
actual decrease in its prevalence within this population has not yet
been determined. The results from the present meta-analysis of five
carefully selected observational case-control studies'>'*'#2¢ suggest
that the presence of SCI reduces the risk of prostate cancer by almost
one-half as compared to their able-bodied age-matched subjects.
Indeed, according to the results of the meta-regression models, when
the analysis was restricted to males of mean age over 55 years, the risk
decreased up to 65% than that in the controls, with a true population
effect size between 44% and 78% (P < 0.0001), indicating that, as the
prevalence of prostate cancer increases with an increase in the age of the
general population, the “protective” effect of SCI becomes more evident.
The interruption of neural pathways to the prostate has been
suggested to be a possible mechanism underlying the lower risk of
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prostate cancer in individuals with SCL' In rats, where autonomic
nervous system plays a key role in the growth of the prostate gland,”
prostate denervation promotes changes in the cellular morphology,
growth, and functions of the gland.?® However, in humans, the influence
of neurologic factors on the physiology/pathophysiology of the prostate
remains largely unknown. Nevertheless, an increased risk of prostate
cancer in paraplegic male subjects as compared to that in tetraplegic
patients has been reported in two studies,'>* which supports the role
of denervation in lowering the incidence of prostate cancer after SCL
A further and even more relevant role would be played by androgen
deficiency, peculiar to this population. High rates of biochemical
androgen deficiency, ranging from approximately 33% to 46%, have
been reported in males having chronic SCI.>*® Whether and to what
extent it can result in clinical hypogonadism is still unclear, because in
the presence of SCI, the sexual symptoms, along with other putative
clinical features of hypogonadism (e.g., changes in body composition,
osteoporosis, anemia, and mood disorders), overlap with direct or
indirect consequences of neurological damage and disability. However,
regardless of other putative clinical reflections, androgen deficiency could
prove to be protective to some extent, resulting in a lower incidence of
prostate cancer. Evidence shows that both the occurrence and progression
of prostate cancer are influenced by androgens as (1) prolonged
administration of high dosages of testosterone induces prostate cancer
in rats, (2) malignancies of the prostate rarely occur in dogs and men
castrated prior to puberty, and (3) androgen-ablative therapy inhibits
the growth of prostate tumor.*® In keeping with the notion of a major
role of androgens in prostate cancer, meta-analyses indicate that shorter
polymorphic cytosine-adenine-guanine (CAG) repeat sequences in the
androgen receptor gene, which promote both a higher receptor binding
affinity for androgens and a higher transactivation activity, are associated
with an increased risk of prostate cancer.**

In the present analysis, a poor value of serum PSA levels as a
screening tool for prostate cancer following SCI resulted from the large
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SCl Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Bartoletti et al. ' 2009 0 113 10 109 12.9% 0.05 (0.00, 0.77)
Patel et al. 6 2011 7 350 18 344 21.9% 0.38 (0.16, 0.90) ——
Scott et al. ' 2004 11 636 919 20949 65.2% 039 (0.22, 0.71) -
Total (95% Cl) 1099 21402 100.0% 0.35 (0.22, 0.56) ‘
Total events 18 947
Heterogeneity: Chi?= 2.20, df = 2 (P = 0.33); #= 9% b + t {
0.001 0.1 10 1000
Test for overall effect: Z = 4.38 (P < 0.0001) o o
Lower risk in SCI Lower risk in controls
SCI Control Std.mean difference Std.mean difference
Study or subgroup Mean s.d. Total Mean s.d. Total Weight IV, random, 95% CI IV, random, 95% CI
Alexandrino et al. »* 2004 0918 0.665 44 0976 0853 44 17.9% -0.08 (-0.49, 0.34) -
Bartoletti et al. "¢ 2009 1.42 112 113 3.2 2.07 109 20.4% -1.07 (-1.35, -0.79) -
Konety et al. % 2000 1.5 1.5 79 1.6 1.8 501 21.0% -0.06 (-0.29, 0.18) -
Pannek et al. "> 2003 12 09 100 19 16 575 21.4% -0.46 (-0.67, -0.25) -
Torricelli et al. ' 2011 1.81 1.91 34 185 188 670 19.3% -0.07 (-0.42, 0.27) -
Total (95% CI) 370 1899  100.0% -0.36 (-0.74, 0.02) ‘

Prediction interval

Heterogeneity: Tau? = 0.16; Chi*= 35.87, df = 4 (P < 0.00001); F= 89%
Test for overall effect: Z= 1.84 (P = 0.07)

(-2.74,2.02)

s 4 ' |
t + t t

Lower levels in SCI Lower levels in controls

Figure 4: Forest plots depicting the results of the subgroup analyses on the relationship of SCI with (a) prostate cancer risk and (h) serum prostate-specific
antigen (PSA) levels. After evaluation of heterogeneity, only studies carried out on samples with mean age >55 years were included in (a) the analysis of
prostate cancer risk and the study from Lynne et al.?® exhibiting both the lowest quality score at the Newcastle-Ottawa scale and the smallest sample size
was excluded from (h) the analysis of serum PSA levels. The PSA levels are reported in ng mi-1. Cl: confidence interval; df: degrees of freedom; IV: inverse
variance; M-H: Mantel-Haenszel; s.d.: standard deviation; std.: standardized; SCI: spinal cord injury.

heterogeneity between the included studies that reported its circulating
levels in males with SCI and able-bodied controls (Figure 2b). In
the crude analysis, although the overall difference between the two
groups was not statistically significant, PSA levels were higher in
SCI group. On the contrary, when, according to the results of the
meta-regression models, the subgroup analysis was restricted to
studies exhibiting both the highest NOS quality score and the largest
sample size, the pooled estimate indicated lower PSA levels in SCI,
which, however, were not statistically significant and showed persistent
large heterogeneity (Figure 4b). Lower PSA levels in males with SCI
would be in line with the low prostate volume, which has repeatedly
been reported in this population.”*”'” Possibly, androgen deficiency
and/or prostate denervation counteract the opposite impact of chronic
inflammation, catheterization, and repeated manual bowel evacuation
on prostate physiology/pathophysiology.

Some limitations of this meta-analysis have been recognized.
Firstly, the inclusion of a limited number of studies. This, however,
resulted from a strict screening and selection of the literature. Although
only five studies were included in the quantitative analysis of prostate
cancer, as a whole, they provided information on a very large number
of males with SCI and their age-matched able-bodied controls. The
study by Lee et al.’* accounted for the largest proportion of the global
study population; nevertheless, when this study, where the mean
age was below 55 years, was excluded, according to the results of the
meta-regression models, the pooled estimate remained statistically
significant, with a further decrease (up to 65%) in the risk of prostate
cancer in males with SCI as compared to that in their controls. Secondly,
the availability of a limited number of studies refrained the authors
from performing multivariable meta-regression analyses that would
have helped detect possible independent associations of the different
covariates with the estimates. A further limitation of this meta-analysis
is that in the selected studies, information on the key factors having
a potential impact on the pathophysiology of the prostate was largely
incomplete. In particular, the lack of data on variables which can
exert opposite effects on prostate growth and PSA levels in SCI
(on the one hand, testosterone levels and the level of the lesion; on

the other hand, chronic prostate inflammation, catheterization, and
repeated manual bowel evacuation) did not let the authors explain,
by meta-regression analyses, their significance in contributing to the
between-study heterogeneity in PSA levels. For instance, only the study
by Bartoletti et al.' reported testosterone levels in 113 males with SCI
and 109 age-matched able-bodied subjects; although the SCI group
showed significantly lower testosterone levels, PSA values, prostate
sizes, and prostate cancer prevalence, the independent association
of testosterone with prostate endpoints was not investigated by
multivariable regression models.

On the basis of the present study, it can be concluded that, in older
males, chronic SCI represents a condition which reduces the risk of
prostate cancer up to 65% as compared to that in able-bodied controls.
The large between-study heterogeneity on serum PSA levels makes
this marker a poor reliable screening tool for prostate cancer following
SCI. This was mainly due to the interaction of opposite effects exerted
by clinical variables peculiar to this population. These findings should
be considered in defining more appropriate screening strategies for
prostate cancer in males with SCI.
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Supplementary Table 1: PRISMA Checklist

Section/topic # Checklist item Reported section
TITLE
Title 1 Identify the report as a systematic review, meta-analysis, or both. Title page
ABSTRACT
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data Abstract
sources; study eligibility criteria, participants, and interventions; study appraisal
and synthesis methods; results; limitations; conclusions and implications of key
findings; systematic review registration number.
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known. Introduction
Objectives 4 Provide an explicit statement of questions being addressed with reference to Introduction
participants, interventions, comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web Material and methods
address), and, if available, provide registration information including registration
number.
Eligibility criteria 6 Specify study characteristics (e.g., PICOS, le.gth of follow-up) and report Inclusion and exclusion criteria
characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale.
Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with Systematic search strategy
study authors to identify additional studies) in the search and date last searched.
Search 8 Present full electronic search strategy for at least one database, including any limits Figure 1
used, such that it could be repeated.
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in Inclusion and exclusion criteria
systematic review, and, if applicable, included in the meta-analysis).
Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, Data extraction
in duplicate) and any processes for obtaining and confirming data from
investigators.
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding Systematic search strategy
sources) and any assumptions and simplifications made.
Risk of bias in individual 12 Describe methods used for assessing risk of bias of individual studies (including Quality assessment
studies specification of whether this was done at the study or outcome level), and how this
information is to be used in any data synthesis.
Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). Statistical analysis
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, Statistical analysis
including measures of consistency (e.g., 12) for each meta-analysis.
Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., Statistical analysis
publication bias, selective reporting within studies).
Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, Statistical analysis
meta-regression), if done, indicating which were pre-specified.
RESULTS
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the Results: Figure 1
review, with reasons for exclusions at each stage, ideally with a flow diagram.
Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study Results: Table 1
size, PICOS, follow-up period) and provide the citations.
Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level Results: Table 2
assessment (see item 12).
Results of individual 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple Results: Figure 2
studies summary data for each intervention group (b) effect estimates and confidence
intervals, ideally with a forest plot.
Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and Results: Figure 2
measures of consistency.
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). Results: Figure 3
Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, Results: meta-regression analyses
meta-regression [see Item 16]). and subgroup analysis [Figure 4]
DISCUSSION
Summary of evidence 24 Summarize the main findings including the stre.gth of evidence for each main Discussion
outcome; consider their relevance to key groups (e.g., healthcare providers, users,
and policy makers).
Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at Discussion
review-level (e.g., incomplete retrieval of identified research, reporting bias).
Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and Discussion
implications for future research.
FUNDING
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply Not available

of data); role of funders for the systematic review.
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Supplementary Table 2: MOOSE Checklist for Meta-analyses of Observational Studies

Item No Recommendation Reported section
Reporting of background should include
1 Problem definition Introduction
2 Hypothesis statement Introduction
3 Description of study outcome (s) Introduction/Material and methods
4 Type of exposure or intervention used Material and methods
5 Type of study designs used Material and methods
6 Study population Material and methods: Inclusion and
exclusion criteria
Reporting of search strategy should include
7 Qualifications of searchers (e.g., librarians and investigators) Material and methods
8 Search strategy, including time period included in the synthesis and key words Material and methods: Systematic search
strategy
9 Effort to include all available studies, including contact with authors Material and methods: Systematic search
strategy and data extraction
10 Databases and registries searched Material and methods
11 Search software used, name and version, including special features used (e.g., explosion) Statistical analysis
12 Use of hand searching (e.g., reference lists of obtained articles) Figure 1
13 List of citations located and those excluded, including justification Study selection and Figure 1
14 Method of addressing articles published in languages other than English Not available
15 Method of handling abstracts and unpublished studies Not available
16 Description of any contact with authors Data extraction
Reporting of methods should include
17 Description of relevance or appropriateness of studies assembled for assessing the hypothesis to be tested Material and methods: Quality assessment
18 Rationale for the selection and coding of data (e.g., sound clinical principles or convenience) Material and methods: Inclusion and
exclusion criteria
19 Documentation of how data were classified and coded (e.g., multiple raters, blinding and interrater Material and methods: Quality assessment
reliability)
20 Assessment of confounding (e.g., comparability of cases and controls in studies where appropriate) Material and methods: Quality assessment
21 Assessment of study quality, including blinding of quality assessors, stratification or regression on Material and methods: Quality assessment
possible predictors of study results
22 Assessment of heterogeneity Material and methods: Statistical analysis
23 Description of statistical methods (e.g., complete description of fixed or random effects models, Material and methods: Statistical analysis
justification of whether the chosen models account for predictors of study results, dose-response
models, or cumulative meta-analysis) in sufficient detail to be replicated
24 Provision of appropriate tables and graphics Table 1, Table 2, Figures 1, 2, 3, 4
Reporting of results should include
25 Graphic summarizing individual study estimates and overall estimate Synthesis of results: Figure 2, Figure 4
26 Table.giving descriptive information for each study included Table 1
27 Results of sensitivity testing (e.g., subgroup analysis) Figure 4
28 Indication of statistical uncertainty of findings Table 1
Reporting of discussion should include
29 Quantitative assessment of bias (e.g., publication bias) Publication bias [Figure 3] and
heterogeneity evaluation
30 Justification for exclusion (e.g., exclusion of non-English language citations) Figure 1
31 Assessment of quality of included studies Quality of included studies: Table 2
Reporting of conclusions should include
32 Consideration of alternative explanations for observed results Discussion
33 Generalization of the conclusions (ie, appropriate for the data presented and within the domain of the Discussion
literature review)
34 Guidelines for future research Discussion
35 Disclosure of funding source Not available
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