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Background: Advances in medical care have increased the long-term survival of patients with spina
bifida. Despite this growing population, limited knowledge is available on age-related illnesses in adults
with spina bifida, particularly prostate cancer for which there is no published data.

Objective: Our aim was to describe inpatient care for prostate cancer in men with spina bifida in the
United States.

Methods: We performed a descriptive, retrospective study utilizing the 1998 to 2014 National Inpatient

é(e}i’r‘golr)?fsiija Sample from the Healthcare Cost and Utilization Project. Weights were applied to the sample to make
Plr)ostate national level inferences. We identified all adult encounters (>18 years old) with prostate cancer and
Prostate cancer spina bifida.

Prostatectomy Results: We identified 253 encounters (mean age 64.9 years). Most were Caucasian (67.5%) and had

public insurance (61.6%). 44% of encounters included a major urologic procedure. 38.4% of encounters
included prostatectomies, 28.3% included lymph node dissections, and 7.8% included cystectomies. Ro-
botic surgery was performed in 9.4%. Mean length of stay was 5.6 days (95% CI: 3.7, 7.5). The average total
cost was $14,074 (95% CI: $8990.3, $19,158.6).
Conclusions: In this first-ever exploration of inpatient care for prostate cancer in men with spina bifida,
we found that length of stay and total costs were higher in men with spina bifida. Almost half of en-
counters included a prostatectomy, cystectomy, and/or lymph node dissection. More detailed in-
vestigations are necessary to assess comparative treatment outcomes and complications, including
prevalence and mortality rates of prostate cancer among adult men with SB.

© 2019 Elsevier Inc. All rights reserved.

Health care utilization

Introduction bladder manifesting as voiding dysfunction, incontinence, reduced

bladder compliance, and upper urinary tract deterioration.” The

Spina bifida (SB) represents failure of fusion of the caudal neural
tube and multiple variants including myelomenigocele and meni-
gocele. It is the most common non-chromosomal, permanently
disabling birth defect with a worldwide incidence of 4.5 per 1000
live births,' leads to a wide spectrum of cognitive and physical
disabilities affecting neurologic, orthopedic, gastrointestinal, and
genitourinary organ systems. SB frequently causes neurogenic
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treatment of neurogenic bladder often requires clean intermittent
catheterization and/or surgical intervention, including bladder
augmentation, bladder neck reconstruction, urinary diversion, and/
or insertion of artificial urinary sphincters.®

Fortunately, advancements in medical care have led to
remarkedly increased long-term survival among individuals with
SB.* At least 75% of patients with SB will survive into adulthood.®
This has resulted in a rapidly expanding population of adults with
SB, many of whom have undergone multiple abdominal surgeries.®
Although focus is increasingly placed on optimizing transitional
care from childhood to adulthood, very little data is available
regarding the presentation and management of age-related ill-
nesses in this expanding adult SB population. This includes prostate
cancer (PCa), the second-leading cause of cancer-related death in
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American men.” Despite the high prevalence of PCa in the popu-
lation at large, to our knowledge, there is no existing data on the
diagnosis or treatment of PCa in men with SB. Previous studies on
the management of PCa among men with spinal cord injuries (SCI)
demonstrate a pattern of under-screening and more advanced
cancers at presentation; indeed, 63% of men with SCI presented
with T3/4 disease at the time of diagnosis versus 29% of men
without SCL.® Additionally, patients with SCI undergoing surgical
treatment for PCa had higher rates of postoperative complications
than neurologically intact men.® If patterns seen in men with SCI
are instructive, poor preventative care, insufficient screening, and
inadequate treatment would be expected among men with SB.

Thus, there is a significant lack of knowledge on PCa diagnosis
and treatment patterns in men with SB. Our objective was to
perform an initial, descriptive analysis of in men with SB under-
going inpatient care in the United States for PCa. We analyzed a
nationally representative administrative database to compare
inpatient encounters for PCa in both adults with and without SB.
We deliberately intended this to be an exploratory, hypothesis-
generating analysis.

Methods
Data source

Following approval from our Institutional Review Board (No.
00088711), we performed a retrospective study utilizing the 1998
to 2014 National Inpatient Sample (NIS) from the Healthcare Cost
and Utilization Project (HCUP). The NIS approximates a 20% strat-
ified sample of all discharges from U.S. hospitals, excluding reha-
bilitation and long-term acute care hospitals. National level
estimates were calculated by applying weights to the sample.'®

Cohorts

We identified all encounters of adults (age > 18 years) with an
International Classification of Diseases, Clinical Modification, Ninth
Edition (ICD-9) diagnosis code for PCa (185) and SB (SB occulta:
756.17; SB with hydrocephalus: 741.0, 741.00, 741.01, 741.02, 741.03;
SB without hydrocephalus: 741.9, 741.90, 741.91, 741.92, 741.93)
from NIS during the years 1998—2014. The PCa encounters were
divided into two cohorts: cohort SB - all encounters with both PCa
and SB; cohort non-SB - all encounters with PCa and without SB.

Variables of interest

Cost of encounter, encounter length of stay (LOS), in-hospital
death, and PCa surgical interventions were the variables of inter-
est. Cost was estimated using cost-to-charge ratio files (CCR) from
HCUP'! by multiplying total charge of encounter by either the
hospital-specific all-payer inpatient cost/charge ratio when avail-
able, or the group average all-payer inpatient cost/charge ratio
otherwise. Oncologic prostate surgical interventions of interest
were identified using ICD-9 codes (Prostatectomy: 60.3, 60.4, 60.5,
60.6, 60.61, 60.62, 60.69; Lymph node dissection: 40.29, 40.3, 40.50,
40.59; Cystectomy: 57.6, 57.7, 57.71, 57.79; Robotic surgery: 17.4,
17.41, 17.42, 1743, 17.49). Surgical procedures were not mutually
exclusive and any given encounter may have included more than
one. With ICD-9 codes, there is not a specific code for robotic forms
of surgeries; instead, we reported the presence of a robotic
approach as an adjunct to any other surgery. Additionally, we re-
ported the demographic features of SB and non-SB cohorts.

Statistical analysis

In order to take into account the complex sampling structure of
the NIS and to make national level estimates, weighted descriptive
statistics were used to describe both cohorts. As per the HCUP data
use agreement, events occurring fewer than 15 times cannot be
reported. Proc Surveyfreq was used for discrete variables and Proc
Surveymeans was used for continuous variables. All analyses were
performed in SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

After applying the HCUP weighting schema, we identified 253
SB cohort encounters and 3,852,896 non-SB cohort encounters
(Table 1). As expected, all encounters for both cohorts were male.
The mean age of encounters in the SB cohort was 64.9 years old
(95% CI: 62.2, 67.5) compared to 72 years old (95% CI: 71.8, 72.2) in
the non-SB cohort. The mean age for the SB cohort decreased
overtime from 69.3 years (95% Cl: 65.5, 73.1) in 1998—2006 to 61.8
years (95% CI 58.3, 65.2) in 2011—-2014. Conversley, in the non-SB
cohort, the average age was relatively stable from 72.6 years (95%
Cl: 72.4, 72.8) in 1998—2006 to 71.4 years (95% CI: 71.2, 71.6) in
2011—2014. The majority of encounters in both cohorts were for
white patients (67.5% SB cohort, 60.9% in the non-SB cohort) with
public insurance (61.6% SB cohort, 68.2% non-SB cohort). The
largest portion (28.3%) of encounters in the SB cohort were in the
4th income quartile (highest) compared to 17.6% in the non-SB
cohort. To adhere to HCUP data use agreement to report only
15 + events, we grouped years as 1998—2006, 2007—2010 and
2011—2014. For the SB cohort, there was an even spread of en-
counters across each time interval. In contrast, over half (53.6%) of
encounters for non-SB patients occurred in 1998—2006 with a
decreasing number of encounters in later time intervals.

We found that 44.3% of SB cohort encounters included a urologic
surgical procedure in the treatment of PCa versus 30.5% of non-SB
cohort encounters (Table 2). Surgeries of interest included prosta-
tectomies, cystectomies, and lymph node dissections. These pro-
cedures were not mutually exclusive, thus any given encounter
could include one or more. The proportions of each surgery were
observed to be larger in the SB cohort than those in the non-SB
cohort. Prostatectomies were performed in 38.4% of SB encoun-
ters and 29.5% of non-SB encounters; this included transabdominal,

Table 1
Demographic data.

SB Cohort (n=253) Non-SB Cohort (n =3852896)

Age

Mean (95% CI) 64.9 (62.2, 67.5) 72 (71.8,72.2)
Median (IQR) 64 (57.7, 68.5) 71.8 (63, 80.6)
Race

Missing 53 (21%) 722001 (18.7%)
White 171 (67.5%) 2347542 (60.9%)
Black/Other 29 (11.5%) 783353 (20.3%)
Primary payer

Missing 0 5277 (0.2%)
Public 156 (61.6%) 2629491 (68.2%)
Private/Other 97 (38.4%) 1218226 (31.6%)

Median household income (quartile)

Missing 58 (22.8%) 1247375 (32.4%)
1 18 (7.1%) 640855 (16.6%)
2 58 (23%) 644924 (16.7%)
3 48 (18.8%) 640194 (16.6%)
4 72 (28.3%) 679208 (17.6%)
Year of Admission

1998—-2006 91 (35.9%) 2065042 (53.6%)
2007—-2010 81 (31.8%) 950306 (24.7%)
2011-2014 82 (32.3%) 837647 (21.7%)
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Table 2
Surgical patterns of care for PCa encounters.

SB Cohort (n =253) Non-SB Cohort (n =3852896)

PCa Surgical Procedure 112 (44.3%) 1176179 (30.5%)
Prostatectomy 97 (38.4%) 1135648 (29.5%)
Lymph Node Dissection 72 (28.3%) 642320 (16.7%)
Cystectomy 20 (7.8%) 24645 (0.6%)
Robotic 24 (9.4%) 307270 (8%)

perineal, and minimally invasive approaches. 28.3% of SB encoun-
ters include lymph node dissections, including simple, regional,
and radical, versus 16.7% of non-SB encounters. Cystectomies,
which include both partial and radical, were seen in 7.8% of SB
encounters versus a fraction (0.6%) of non-SB encounters. Robotic
surgical approaches, a separate ICD-9 code, were performed in 9.4%
of encounters for the SB cohort and 8% of non-SB encounters.

The mean cost of the SB cohort encounters was $14,074 (95% CI:
$8990.3, $19,158.6) compared to $10,369 ($10,205.8, $10,532.4) in
the non-SB cohort (Table 3). The median cost of the SB cohort was
$8616 (IQR: $5479.8, $14,366) compared to $7809.3 (IQR: $4720.4,
$12,389) in the non-SB cohort. The mean LOS for the SB cohort was
5.6 days (95% CI: 3.7, 7.5) compared to 4.6 days (4.53, 4.64) in the
non-SB cohort. The median LOS for the SB cohort was 2.8 days (IQR:
1.5, 5.4) compared to 2.6 days (IQR: 1.3, 5) in the non-SB cohort.
Over time, mean LOS of in the non-SB cohort was unchanged
ranging from 4.2 days (95% CI: 4.1, 4.3) 2007—2010 to 4.9 (95% CI:
4.8, 4.9) in 1998—2006. Conversely, the mean LOS in the SB cohort
decreased overtime from 7.2 days (95% CI: 4.5, 10) in 1998—2006 to
5.9 days (95% CI: 2.4, 9.4) in 2011-2014. In-hospital deaths
occurred in 3.7% of non-SB encounters, which was similar to the
rate in SB cohort patients.

Discussion

To our knowledge, this is the first report of treatment of PCa
among adults with SB. In describing the treatment patterns of PCa
in men with SB and in men without SB, estimated LOS and total cost
were observed to be higher in men with SB cohort. Overall rates of
surgical procedures for the treatment of PCa were higher for men
with SB. Almost half of inpatient encounters for patients with SB
included major urologic operative procedures such as prostatec-
tomies, cystectomies, and lymph node dissections. Surgical man-
agement included both open and robotic approaches. Rates of all
surgeries of interest were higher for men with SB compared to
those without SB. The rate of in-hospital death was similar in en-
counters for men with SB vs. those without SB.

PCa is the most commonly diagnosed cancer in men. The
average age at the time of diagnosis is 66 years.” Regarding PCa
diagnosis, the utility of PSA has been a topic of debate. In 2012, the
United States Preventative Task Force recommended against PSA

Table 3
In-hospital outcomes.

SB Cohort (n=253) Non-SB Cohort (n =3852896)

Length of Stay

Mean (SE) 5.6 (3.7,7.5) 4.6 (4.53, 4.64)

Median (IQR) 2.8 (1.5,5.4) 2.6(1.3,5)

Cost

Mean (SE) $14,074 ($8990.3, $19,158.6)  $10,369 ($10,205.8, $10,532.4)
Median (IQR) $8616 ($5479.8, $14,366) $7809.3 ($4720.4, $12,389)
In-hospital death

Missing 4 3061 (0.08%)

Death ? 143412 (3.7%)

¢ In adherence with HCUP data use agreement, events < 15 cannot be reported.

screening to which the American Urological Association published
recommendations in 2013 that PSA screening should be a shared
decision-making process. These recent changes in the role of
screening likely influenced our findings to an unknown degree.
Given that there was a difference in patient age among the time
periods sampled, however, we think that this was likely to play a
large role.

Following diagnosis, risk stratification based on staging and
pathology is performed. These guidelines by the National
Comprehensive Cancer Network and American Urological Associ-
ation aid in the development treatment plans. In general terms,
treatment can consist of long-tern observation, hormonal man-
agement, radiation therapy, or surgery. Of these, only the latter is
typically managed in the inpatient environment.

These data are similar to the existing literature on patients with
PCa and neurogenic bladder not secondary to SB. Hospital stay after
surgical management of PCa was significantly longer for men with
SCI than men without SCI, which is comparable to our reported
longer LOS for encounters of men with SB. Similar to our reported
increased rates of cystectomy and prostatectomy in men with SB,
Gammon et al.? found that the rate of cystoprostatectomy was
higher than expected in men with SCI as compared to neurologi-
cally intact men. It is unclear if these higher rates of cys-
toprostatectomy in men with SCI are due to concomitant bladder
dysfunction, bladder cancer, or more advanced prostate cancer.
Similarly, in our study, the NIS database is limited in its ability to
differentiate between PCa and urothelial carcinoma as the indica-
tion for cystoprostatectomy. It has been shown that patients with
SCI tend to be diagnosed with more advanced stage and grade PCa.?
Further investigations are needed to determine a the pattern of
advanced disease in men with SB.

Patients with SB represent a high-risk surgical population. Lof-
tus et al.® reported a complication rate of 92% when undergoing
urologic surgeries even at centers of excellence. Medical comor-
bidities and extensive past surgical histories of multiple intra-
abdominal procedures including urinary diversions and urologic
reconstructive procedures likely contribute to this elevated risk, as
well as impaired mobility, neurogenic bowel, and greater obesity
rates. Despite these known increased operative risks of patients
with SB, we found higher operative rates for the SB population
compared to the non-SB population. Although our descriptive
analysis did not evaluate postoperative complication rates, LOS and
total cost were higher for men with SB which may reflect increased
postoperative complications. However, the in-hospital death rate
was similar to rates of non-SB patients. Additionally, patients were
treated both with open and minimally invasive approaches. Future
investigations would need to assess outcomes both from surgical
and oncologic perspectives for the treatment of PCa in the SB
population.

The findings of our study should be considered within the
context of its design limitations. NIS represents a 20% stratified
sample of US hospital admissions. While NIS is specifically designed
by HCUP to produce a representative sample, it was impossible to
guarantee that representativeness in any given year or combination
of years. Consequently, results derived from NIS may not be
generalizable to the broader community. In particular, non-
participation by specific centers with high SB or PCa volumes
(both surgical and non-surgical) may have reduced the accuracy of
our estimates overall. We note, however, that NIS provides metic-
ulous tracking and frequent updates of discharge and hospital
weights to minimize risk of sampling bias.

Because NIS represents admission-based rather than patient-
based data, it was impossible to track a given patient across time.
We were unable to assess neither longer-term outcomes nor
whether individual patients had multiple admissions. For the SB
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cohort, there were 4 encounters that may have been repeated en-
counters for the same patient within a given year (all were from the
same hospital with identical demographic features). While this
potential duplication could have been a limitation, we performed a
sensitivity analysis by excluding those patients; this analysis pro-
vided similar estimates of cost and LOS. Therefore, all 4 were
included in the final analysis. Furthermore, since NIS represents
inpatient care, PCa diagnosis and treatment (hormonal and radia-
tion) occurring in outpatient settings were not captured.

Due to the relatively small sample size, covariance estimation
for continuous variables (such as cost or LOS) was problematic. This
led us to exclude year from the stratification procedures, which
may have resulted in bias in the estimation of variance for
continuous variables.

NIS may be affected by miscoding bias; i.e., our analysis depends
in part on the accuracy of diagnosis and procedure coding in NIS.
Though the accuracy level of NIS is high for an administrative
database, it was possible at least some portion of our cohort may be
incorrectly coded. We would note that the NIS database was rigor-
ously monitored and audited for coding accuracy and, therefore,
represented a reasonably reliable snapshot of the characteristics of
an inpatient surgical cohort. It is important to note that these data
cannot be construed to represent an analysis of causality. For
example, it was impossible to differentiate between patients who
were incidentally diagnosed with PCa after a cystectomy for uro-
thelial carcinoma and those who underwent a cystectomy for PCa
(rather than a prostatectomy) due to previous urinary re-
constructions or outlet procedures. Additionally, granular data
regarding PCa staging and pathology is not include in NIS, thus
identified encounters may represent admission for oncologic man-
agement of advanced cancer. Of note, this may explain our 3.7%
mortality rate for the non-SB population which is higher than pre-
viously reported post-prostatectomy mortality rates which are
<1%.1? Again, the aim of this manuscript was to describe patterns of
care rather than to explain why those patterns occurred. Selection
bias may be anissue in these data, as it is likely that patient selection
played a significant role in whether to perform surgery for men with
PCa, and, if so, what procedure to perform. Clinical experience and
the extant SCI literature led us to initially suspect, for example, that
we would see a larger proportion of non-surgical encounters and a
larger proportion of cystectomy encounters than might be expected
for men with PCa without SB. However, these data unfortunately
cannot be used to prove nor to refute this suspicion. As noted
throughout this manuscript, we would again stress that these ana-
lyses were explicitly designed to be exploratory and hypothesis-
generating rather than definitive and hypothesis-proving.

Conclusion

This novel report of inpatient encounters of men with SB and PCa.
Surgical treatment included both open and robotic approaches to
prostatectomies, cystectomies, and lymph node dissections, which
occurred in more than a third of the encounters. LOS, total costs, and
rates of operative procedures were higher in encounters for men
with SB compared to men without SB. As an initial foray into the
burden of age-related illnesses in adults with SB, particularly PCa,
this descriptive analysis presents a potentially important insight
into the long-term issues that adults with SB contend with as they
age. Further studies of these and other data sources are currently
underway which hopefully will shed more light the prevalence of
PCa and outcomes of treatment among adult men with SB.
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