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ABSTRACT

Introduction: In patients with hepatitis C virus
(HCV), human immunodeficiency virus (HIV)
represents a major cause of morbidity and eco-
nomic burden. Economic evaluations in HIV-
HCV typically focus on government-sponsored
insurance plans rather than a commercially
insured cohort. This study evaluated the clinical
and economic burden of HIV-HCV co-infection
compared with HCV alone in commercially
insured patients throughout the United States.
Methods: Commercial medical and pharmacy
claims from 2007 to 2015 from a 10% random
sample of enrollees within the IQVIA PharMet-
rics Plus™ administrative claims database were
analyzed. Patients were included based on the
presence of a claim with a HCV diagnosis across
three separate cross-sectional periods which
were created from the full dataset (2007-2009,
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2010-2012, and 2013-2015). Costs incurred
were categorized as emergency department,
inpatient, outpatient medical, outpatient phar-
macy, and other, based on the claim place of
service. Descriptive statistics and proportion of
total costs in each group have been reported for
all cost categories.

Results: The samples included 22,329 from
2007 to 2009, 23,186 from 2010 to 2012, and
27,288 from 2013 to 2015. In all three cross-
sections, HIV-HCV individuals were more likely
to be male and carriers of hepatitis B virus.
Pharmacy costs were $29,368 in the HCV-only
group, compared to $73,547 in the HIV-HCV
group (p < 0.0001). Pharmacy costs increased as
a proportion of total costs for both groups,
increasing after 2012 from 41% to 55% for HIV-
HCV and from 19% to 34% for HCV-only.
Conclusion: The present study describes the
total direct health care costs in HIV-HCV co-
infected individuals and HCV-only patients in
commercially insured health plans. Spending
on pharmacy increased as a proportion of total
health care costs in both groups. Further clinical
and economic evaluations in HCV and/or HIV
populations in the US should consider system-
level factors related to insurance type when
applying to the entire population.
Keywords: Burden-of-illness; Co-infection;
Cost-of-illness; Hepatitis C; HIV
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INTRODUCTION

For individuals infected with hepatitis C virus
(HCV), a major cause of morbidity and mortal-
ity is a concurrent infection with the human
immunodeficiency virus (HIV) [1, 2]. Globally,
an estimated 4-5 million people are living with
HIV-HCV co-infection [3]. Fortunately, the
development of direct-acting antiviral (DAA)
therapies has enabled clinicians to effectively
cure HCV in both mono- and co-infected
patients [2, 4, 5]. In addition to clinical effec-
tiveness, DAA regimens have demonstrated
cost-effectiveness in patients with HIV-HCV by
avoiding downstream adverse events such as
decompensated cirrhosis, liver transplantation,
or hepatocellular carcinoma [2, 6].

Despite these advances in therapy, many sys-
tem barriers to HCV treatment still exist, pre-
venting many patients from seeking appropriate
therapy [7-9]. These barriers can be especially
problematic to patients suffering from HIV-HCV
co-infection as many of these patients may have
additional challenges, including non-adherence
to clinic visits, psychiatric disorders, or issues with
substance abuse [10].

Cost-of-illness, or burden-of-illness, studies
have been commonly used over the past few
decades in health economics to describe
spending pertaining to a specific disease or
patient population to help inform policy deci-
sions [11]. In general, cost-of-illness studies
typically use either a “total cost” or “incremen-
tal cost” approach to estimate the cost-of-illness
based on the research question under investi-
gation [12]. The total cost approach may focus
on the sum of all medical costs or only sum the
direct costs related to the disease of interest. The
incremental cost approach will identify patients
with and without the disease and may utilize
statistical techniques (e.g. matched controls,
regression, or both) to more accurately attribute
a dollar amount to the independent variable
(disease) [13]. From a payer perspective, both
approaches may be valuable for decision-mak-
ing, as total cost evaluations help describe the
overall spend for the population while the
incremental approaches provide a stronger
argument for a causal link.

Cost-of-illness evaluations of HCV and HIV-
HCYV typically focus on populations where the
government may be the primary payer, as with
Medicare, Medicaid, correctional facilities, or
within the Department of Veterans Affairs health
system [14-17]. The focus on government payer
budgets for HIV and HCV treatments may not be
transferrable to a commercially insured popula-
tion. For example, a prospective cohort study
comparing 96 co-infected patients to 165 mat-
ched HIV patients found that co-infected indi-
viduals were more likely to be African American,
report alcohol and illicit drug use, and require
federal or need-based funding for care (Medicare,
Medicaid, and Ryan White) [18]. When co-in-
fection was evaluated in a veteran population in
2016, inpatient costs were driven by psychiatric
disease and substance abuse, which the authors
acknowledged as a potential confounder due to
the higher rates of posttraumatic stress disorder
seen in veterans [16]. Demographic and epi-
demiologic characteristics for HIV-HCV and
HCV-only patients on government-sponsored
plans may differ significantly, which may have
an impact on health resource utilization. The
prevalence and total cost estimates from studies
in government-sponsored populations may be
driven by other system-level factors seen less
frequently in a commercially insured population
[19]. Aggregating commercial and government
insurance claims in the United States (US) may
be more meaningful for non-US health systems
where a single payer is responsible for the pop-
ulation. This study aims to fill the gap total cost
information for the commercially insured pop-
ulation by describing the clinical and economic
burden of HIV-HCV co-infection and HCV-only
groups in commercially insured patients
throughout a national US sample from 2007 to
2015.

METHODS

Identification of HCV-Only and HIV-HCV
Co-Infected Patients

The data include commercial insurance plans’
medical and pharmacy claims from 2007 to
2015 from a 10% random sample of enrollees
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within the IQVIA PharMetrics Plus™ adminis-
trative claims database. The dataset includes
adjudicated medical and pharmacy claims for
over 150 million US health plan enrollees after
2006 and are representative of the US com-
mercially insured population (more informa-
tion regarding the database can be found at
http://www.iqvia.com). Patients were eligible
for inclusion based on the presence of diagnosis
codes in the paid administrative claims. Diag-
nosis codes were derived from the International
Classification of Diseases (ICD) 9th and 10th
revisions. In each period, enrollees with a claim
with at least 1 HCV and at least 1 HIV diagnosis
will be included and categorized as HIV-HCV,
while patients with a claim with at least 1 HCV
diagnosis but no HIV diagnosis will be included
and categorized as HCV-only. Three separate
cross-sectional periods were created from the
full dataset: 2007-2009, 2010-2012, and
2013-2015. Patients were unique to each time
period based on IQVIA’s patient identifier, but
the same patient could exist across multiple
time periods. This article does not contain any
studies with human participants or animals
performed by any of the authors, and the study
protocol was reviewed and approved as “Not
Human Subjects Research” by the University of
Maryland, Baltimore Institutional Review
Board, on May 10, 2018. All subjects in the
dataset were de-identified to the research team,
as IQVIA’s unique patient identifier is not rela-
ted to other common patient identifiers (names,
social security numbers, etc.).

Demographics and Comorbidities

Other variables described in the cross-sectional
periods include age (in years), gender, potential
comorbidity cost drivers, other comorbidities,
and diagnoses for substance abuse. With HCV,
we know from previous studies that advancing
liver fibrosis has a significant impact on total
costs of the disease [20]. McAdam-Marx et al.
used a large dataset to determine the incre-
mental cost per patient per year associated with
HCV by matching HCV patients with select
controls on index date, gender, hospital region,
comorbidities for alcoholism, substance abuse,

HIV/AIDS, and a modified Charlson Comor-
bidity Index, giving us some indication of fac-
tors that may drive costs comparisons [21].
Building on prior literature, we have included
indicators for cirrhosis, any stage of chronic
kidney disease (CKD), hepatitis B virus (HBV),
hepatocellular carcinoma (HCC), and history of
organ transplant as potential comorbidity cost
drivers. Other comorbidities of interest included
cardiovascular disease (CVD), diabetes, major
depressive disorder (MDD), substance abuse,
and schizophrenia. Substance abuse was iden-
tified based on the ICD-9/ICD-10 diagnosis of
alcohol, cannabis, or opioid abuse.

Cost Measures

The perspective of this analysis was from the
health-sector perspective [22]. We quantified
the direct medical costs among patients identi-
fied with both HIV-HCV and among patients
with HCV-only. Costs incurred were categorized
as emergency department, inpatient, outpatient
medical, and outpatient pharmacy, other, and
unknown, based on the claim place of service
reported. All costs were normalized to the last
year in each cohort (2009, 2012, and 2015) by
using the Personal Health Care index [23].

Analysis

Descriptive statistics were calculated for both
HIV-HCV and HCV-only groups across all three
time periods using SAS v.9.4 (Cary, NC, USA).
Variables were compared between each group
using Chi-square or Fisher’s exact test for cate-
gorical data and ft test for continuous data, and
considered statistically significant at o = 0.05.
The proportion of total costs in each group was
calculated for all cost categories. All patients
identified in each time period were included in
the analysis, and the total number of patients
only appearing in a single period was reported.

RESULTS

The cross-sectional periods included total
patient samples of 22,329 from 2007 to 2009,
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23,186 from 2010 to 2012, and 27,288 from
2013 to 2015. In terms of overlapping with
patients appearing in multiple periods, 14,946
(67%) from 2007 to 2009; 12,263 (53%); and
20,070 (74%) patients were unique and only
appeared in a single period.

In all three cross-sections, HIV-HCV co-in-
fected individuals were more likely to be male
and carriers of HBV (Table 1). The prevalence of
MDD and schizophrenia was significantly
higher in the HIV-HCV groups in 2010-2012.
Substance abuse was significantly higher for
HIV-HCV for alcohol and opioids in 2007-2009
and for opioids in 2010-2012. Prevalence of
liver transplant was statistically higher in the
HCV-only group in 2007-2009, but not in the
other two time periods. Rates for organ trans-
plant (0.4-1.8%), cirrhosis (10.6-16.2%), and
HCC (1.6-2.5%) were similar across both groups
during all time periods. Rates for CKD were
similar for both groups in 2007-2009 but
increased for HIV-HCV patients in 2010-2012
and 2013-2015.

Total costs per patient were higher for HIV-
HCV  patients across all cross-sections
(US$73,547 vs. 29,368 for 2007-2009; $86,406
vs. 34,022 for 2010-2012; and $96,703 vs.
$43,362 for 2013-2015). The proportion of total
costs allocated to inpatient, outpatient, emer-
gency department, pharmacy, other, and
unknown categories were stable between the
2007-2009 and 2010-2012 cross-sections
(Table 2). Pharmacy costs increased as a total
dollar amount and as a proportion of total costs
for both groups in 2013-2015, with pharmacy
costs increasing 34% (from 41% to 55%) for
HIV-HCV co-infected individuals and 79%
(from 19% to 34%) for HCV-only (Fig. 1). For
the HIV-HCV groups, pharmacy costs per
patient increased from $36,854/year in
2007-2009 to $56,688/year in 2013-2015. For
HCV-only, pharmacy costs per patient increased
from $6568/year to $16,466/year.

DISCUSSION

This study describes the clinical and economic
burden of HIV-HCV co-infection and HCV-only
groups in a commercially insured population by

dividing the data into three cross-sectional
periods to minimize potential misclassification
bias and the influence of cost inflation or
changes in treatment guidelines within the
period. Norton et al. evaluated health care uti-
lization between 96 HIV-HCV and 165 HIV-only
clinic patients from 2006 to 2007 to estimate
the burden of HCV [18]. While insurance status
was not assessed, age and sex demographics
were comparable with this study, with mostly
male patients between 45 and 52 years of age in
the co-infected group [18]. Compared with that
study, we found a much lower prevalence of
substance abuse and renal disease, but a higher
prevalence of diabetes in our HIV-HCV group.

Katrak et al. evaluated health care utilization
within a cohort of 335,371 veterans from 1998
to 2009 with either HCV-only, HIV-only, or
HIV-HCV co-infection, finding that psychiatric
and substance abuse disorders were the pre-
dominant drivers of inpatient admissions of all
three groups, suggesting a confounder when
veterans are included in a cost-of-illness analy-
sis of HCV or HIV [16]. Our study found a lower
prevalence of psychiatric co-morbidities
including MDD, schizophrenia, or substance
abuse in both HCV and HIV-HCV groups com-
pared to previous studies in veterans, Medicaid
recipients, or prisoners [16, 24, 25]. For com-
mercial insurance providers, this may be useful
in predicting the budget impact for HCV or
HIV-HCV co-infected patients who are covered
by an employer-sponsored plan and may have a
different socioeconomic profile compared to a
government-sponsored population.

Substance abuse disorders have frequently
been cited as potential drivers of morbidity and
mortality for patients with HIV and/or HCV
infection [26, 27]. Opioid abuse in high-income
countries like the US, in particular, has been
associated with a higher disease burden related
to HIV and HCV [26]. Regardless of the presence
of HIV or HCV infection, morbidity and mor-
tality attributed to prescription opioids have
increased substantially in the US from 1999 to
2016 [28]. The prevalence of opioid abuse in our
cross-sections ranged from 4.5% to 7.3% and
7.2% to 10.8% for HCV-only and HIV-HCV
groups, respectively.
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Table 1 Unadjusted description of three cross-sections by HCV-HIV status
2007-2009 2010-2012 2013-2015
HCV-only HCV-HIV  HCV-only HCV-HIV  HCV-only HCV-HIV
(» = 21,705) (n = 624) (n = 22,530) (n = 656) (n = 26,540) (n = 748)
N (%) N (%) N (%) N (%) N (%) N (%)
Ageinyears 473 (133)* 455 (105  47.9 (143) 478 (102) 464 (161 473 (115)*
[mean (SD)]
Male 12114 (55.8)° 451 (72.3)° 12383 (55.0)* 488 (744) 13818 (52.1)* 560 (74.9)*
Potential high cost comorbidities
Cirrhosis 2972 (13.7) 101 (162) 3233 (144) 94 (14.3) 3374 (127) 79 (10.6)
CKD (any 689 (3.2) 26 (4.2) 849 (3.8)* 47 (7.2 950 (3.6)* 51 (6.8)
stage)
HBV 1453 (6.7)* 121 (194) 1270 (5.6)° 74 (11.3)* 1088 (4.1)* 155 (20.7)*
HCC 463 (2.1) 10 (1.6) 566 (2.5) 14 (2.1) 569 (2.1) 16 (2.1)
Kidney 200 (0.9) NR 165 (0.7) 5 (0.8) 129 (0.5) NR
transplant
Liver 397 (1.8)* NR* 403 (1.8) 6 (0.9) 378 (14) 9 (1.2)
transplant
Other 109 (0.5) NR 93 (0.4) NR 113 (0.4) NR
transplant
Other comorbidities
CVD 11,319 (52.2) 334 (53.5) 11,779 (52.3) 363 (55.3) 12,621 (47.6) 359 (48.0)
Diabetes 4355 (20.1) 140 (22.4) 4423 (19.6) 131 (200) 4380 (165) 139 (18.6)
MDD 1722 (7.9) 59 (9.5) 1805 (8.0)* 71 (10.8)* 2597 (9.8) 89 (11.9)
Schizophrenia 177 (0.82) 9 (14) 241 (1.1)" 19 (2.9)* 242 (0.9)* 13 (17)°
Substance abuse
Alcohol 1738 (8.0)* 72 (11.5)* 2066 (9.2) 66 (10.0) 2386 (9.0) 80 (10.7)
Cannabis 274 (1.3) 11 (1.8) 472 (2.1) 20 (3.1) 692 (2.6) 27 (3.6)
Opioids 972 (4.5)* 45 (7.2 1438 (6.4)* 71 (10.8)* 1933 (7.3) 59 (7.9)

NR Cell sizes not reported due to small cell sizes (< 5), CKD chronic kidney disease, CVD cardiovascular disease, HBV
Hepatitis B Virus (); HCV hepatitis C virus, HCC hepatocellular carcinoma, HI?” human immunodeficiency virus, MDD

major depressive disorder, SD standard deviation

*Items significantly different (p values < 0.05) determined by Chi-square or Fisher’s exact test for categorical data, or # test
for continuous data

An incremental burden-of-illness study of
20,662 unique HCV patients matched with
non-HCV controls, enrolled primarily in com-
mercial plans from 2002 to 2006 with similar

age and sex demographics compared with our
study, found similar inpatient, outpatient, and
pharmacy proportions after excluding any
patients with concurrent HBV [29]. This may
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Table 2 Total unadjusted costs and proportions for each cost category by HCV-HIV status

2007-2009 2010-2012 2013-2015
HCV-only  HCV-HIV HCV-only  HCV-HIV  HCV-only HCV-HIV
(» = 21,705) (n = 624) (n =22,530) (n = 656) (n = 26,540) (n = 748)
Total costs during 637426957 45,893,348 766,524,750 56,682,460  1,150,822,687 72,333,698
period*(% of Total)  (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Emergency department 15,248,889 428,146 15,861,383 629,183 19,348,197 503,088
(2.4) (0.9) (2.1) (1.1) (1.7) (0.7)
Inpatient 234,719,968 8,941,057 268,459,457 8,779,495 351,208,471 12,876,517
(36.8) (19.5) (35.0) (15.5) (30.5) (17.8)
Outpatient 213,541,522 6,519,325 263,578,469 9,680,188 326,351,253 8,633,675
(33.5) (14.2) (34.4) (17.1) (28.4) (11.9)
Pharmacy 125,271,079 20,969,694 143,336,761 23,423,862 389,920,929 40,191,758
(19.7) (45.7) (18.7) (413) (33.9) (55.6)
Other 6,786,879 249,131 11,946,712 497,641 17,907,053 1,333,542
(L.1) (0.5) (1.6) (0.9) (L.6) (1.8)
Unknown 41,858,620 8,785,995 63,341,968 13,672,091 46,086,784 8,795,118
(6.6) (19.1) (8.3) (24.1) (4.0) (12.2)

HCV hepatitis C virus, HIV human immunodeficiency virus

* In US Dollars adjusted to the end of each period (2009, 2012, and 2015)

have limited the number of HIV-HCV co-in-
fected patients included in the study as we
identified a higher prevalence of HBV in the co-
infected group. McAdam-Marx et al. evaluated
all-cause and incremental per patient per year
costs associated with chronic HCV in a large
commercial insurance database from 2001 to
2010 [21]. They estimated inpatient, outpatient,
emergency room, and pharmacy costs were
27%, 46%, 0.5%, and 27% of total costs,
respectively [21]. In this study, we identified an
increase in the proportion of total health care
costs attributed to total pharmacy claims in
both HIV-HCV and HCV-only groups after
2012. This coincides with the approval of newer
DAA treatments for chronic HCV. McAdam-
Marx et al. also estimated annual spending at
$19,660 for chronic HCV patients, which was
less than our estimates for HCV-only ($29,368
from 2007 to 2009; $34,022 from 2010 to 2012;
and $43,362 from 2013 to 2015) [21]. This may
reflect the matching methods and incremental

costing approach used in that study, in addition
to the increasing cost and changing treatment
with newer therapies. When combined inpa-
tient/outpatient medical costs for HCV-only
patients are considered, our 2007-2009 (70%)
and 2010-2012 (69%) cross-sections were very
similar to the McAdam-Marx study (73%),
while the 2013-2015 HCV-only group inpa-
tient/outpatient spend was just 58% of total
costs. This demonstrates a potential shift in
burden to the pharmacy benefit, but not nec-
essarily a saving in other areas as overall
spending increases. Reduced spending on liver-
related morbidity may not be observed for years
after HCV treatment.

Limitations

First, this study was designed as a descriptive
total cost analysis whereby results should be
interpreted as a representation of the data ana-
lyzed and not extrapolated or applied to other
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Total Costs for HIV-HCV from 2007-2009

1%\ $45.8M (n=624)

l ®m Emergency Department
19% 19% Inpatient
1%~ Outpatient
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14% m Other

Unknown
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Total Costs for HIV-HCV from 2010-2012
$56.7M (n=656)
1%
= Emergency Department
16% Inpatient
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Unknown
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Total Costs for HIV-HCV from 2013-2015

$72.3M (n=748)
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= Emergency Department

Q% 18% Inpatient
Outpatient
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u Other
Unknown

55%

® Emergency Department
Inpatient
37% Outpatient
Pharmacy
m Other
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33%

Total Costs for HCV Only from 2010-2012
$766.5M (n=22,530)

2% 2%
& '
19% 35%

34%

= Emergency Department
Inpatient
Outpatient
Pharmacy
m Other
Unknown

Total Costs for HCV Only from 2013-2015
$1.15B (n=26,540)

2% 4% 2%

= Emergency Department

Inpatient
34% 30% Outpatient

Pharmacy

u Other
Unknown

28%

Fig. 1 Total costs for all three cross-sections by HIV-HCV status and cost category

populations. By reporting these observations in
a commercially insured sample, future
researchers could consider potential differences
in the prevalence of comorbidities and total
costs that may better inform the methodologi-
cal approach during the design of an economic
model or real-world observational analysis.
Additionally, these results represent a 10%
random sample from the commercially insured
US population covered by the IQVIA™ dataset.
Cost data may be skewed and potentially bi-
modal (with a high proportion of patients with
zero utilization), so the ability to scale these
results to a larger population may be limited.
Future studies with financial support to

purchase the full dataset would be warranted to
confirm these prevalences and cost estimates.
The identification of HCV-only and HIV-
HCV patients was reliant on ICD-9 and ICD-10
diagnosis coding observed in claims during the
cross-sectional period, which could have led to
misclassification of disease from coding errors
or omissions. Additionally, patients were flag-
ged to HCV-only and HIV-HCV groups if they
met the criteria within the 3-year cross-sec-
tion. This may have led to additional misclas-
sification for a patient who was truly HIV-only
or HCV-only at the beginning of the observa-
tion period, but categorized as an HIV-HCV co-
infected patient based on a later claim. To
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reduce this potential bias, we divided the larger
2007-2015 cohort into three separate cross-
sections for study inclusion and analysis.

A total cost approach for cost-of-illness
research describes the prevalence and reports of
what was spent on claims for a given time per-
iod. By reporting total costs without statistical
techniques to address underlying differences
between the groups, we were unable to make a
causal argument for the cost difference
observed. The total cost approach was used for
this study for its advantages in interpretation
and relevance to decision-makers or payers who
are responsible for all direct healthcare costs for
patients enrolled. All comorbidities were also
dependent on diagnosis coding. This is partic-
ularly problematic for diseases that may be
under-diagnosed, such as the psychiatric dis-
eases and substance abuse variables in our
analysis. Other studies that use a different
approach that captures a broader definition of
substance use in addition to medically diag-
nosed abuse may identify many more cases.

This study was also limited by the ability to
categorize claims in cases where the data vendor
masked the place of service code. Unknown
place of service claims represented between 4%
and 8% of claims in the HCV-only group and
between 12% and 24% in the HIV-HCV group.
This may underrepresent the proportion of
spending in other categories, but would not
change the qualitative interpretation of the
increase due to pharmacy costs for either group.

CONCLUSION

The present study describes the prevalence of
multiple comorbidities and total direct health
care costs in HIV-HCV co-infected individuals
and HCV-only patients in commercially insured
health plans. Spending on pharmacy increased
as a proportion of total health care costs in both
groups. Further clinical and economic evalua-
tions in HCV and/or HIV populations in the US
should consider system-level factors related to
insurance type when applying to the entire
population.
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