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Abstract

Hemorrhagic cystitis (HC) caused by viral infections such as BK virus, cytomegalovirus, and/or
adenovirus after allogeneic hematopoietic stem cell transplantation (allo-HCT) causes morbidity
and mortality, affects quality of life, and poses a substantial burden to the health care system. At
present, HC management is purely supportive, as there are no approved or recommended antivirals
for virus-associated HC. The objective of this retrospective observational study was to compare
the economic burden, health resource utilization (HRU), and clinical outcomes among allo-HCT
recipients with virus-associated HC to those without virus-associated HC using a large US claims
database. Claims data obtained from the Decision Resources Group Real-World Evidence Data
Repository were used to identify patients with first (index) allo-HCT procedure from January

1, 2012, through December 31, 2017. Outcomes were examined 1 year after allo-HCT and
included total health care reimbursements, HRU, and clinical outcomes for allo-HCT patients
with virus-associated HC versus those without. Further, a generalized linear model was used to
determine adjusted reimbursements stratified by the presence or absence of any acute or chronic
graft-versus-host disease (GVHD) after adjusting for age, health plan, underlying disease, stem
cell source, number of comorbidities, baseline reimbursements, and follow-up time. Of 13,363
allo-HCT recipients, 759 (5.7%) patients met the prespecified criteria for virus-associated HC.
Total unadjusted mean reimbursement was $632,870 for patients with virus-associated HC and
$340,469 for patients without virus-associated HC. In a multivariable model, after adjusting

for confounders, the adjusted reimbursements were significantly higher for virus-associated HC
patients with and without GVHD compared to patients without virus-associated HC (£ < .0001).
Patients with virus-associated HC stayed 7.9 additional days in the hospital (P < .0001) and

6.1 additional days (£ =.0009) in the intensive care unit (ICU) for the index hospitalization,
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as compared to patients without virus-associated HC. The hospital readmission rate was higher
for allo-HCT patients with versus without virus-associated HC (P < .0001), resulting in 12.9
more days in the hospital (£ < .0001) and 7.3 more days in the ICU (P < .0001) after the index
hospitalization. Among patients with GVHD, those with virus-associated HC had significantly
higher all-cause mortality as compared to those without virus-associated HC (23.2% versus
18.4%; P=.0035). In an adjusted analysis, patients with virus-associated HC had a significantly
higher risk of mortality, regardless of the presence of GVHD. When stratified by GVHD, there
were no significant differences in the baseline risk for renal impairment; virus-associated HC
was associated with increased risk for renal impairment in the follow-up period in patients with
or without GVHD (P < .0001 for both). After allo-HCT, patients with virus-associated HC have
significantly higher health care reimbursements and HRU, with worse clinical outcomes, including
renal impairment, irrespective of the presence of GVHD and significantly higher all-cause
mortality in the presence of GVHD. Our results highlight the unmet clinical need for effective
strategies to prevent and treat virus-associated HC in HCT recipients that may also reduce costs
among these patients.
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Allogeneic hematopoietic stem cell transplantation (allo-HCT) is often the only curative
option for both malignant and nonmalignant diseases [1,2]. During the period of immune
recovery after allo-HCT, viral infections, which are normally controlled by T cell immunity,
are a major cause of morbidity and mortality [3-6]. A recent retrospective study of 404
allo-HCT recipients showed that detection of multiple viruses was common, including BK
virus (BKV), cytomegalovirus (CMV), adenovirus (AdV), Epstein-Barr virus (EBV), and
human herpesvirus-6 (HHV-6) and demonstrated an association between the cumulative
burden of virus exposure and increased mortality [7,8].

Hemorrhagic cystitis (HC) is the primary clinical manifestation associated with BKV
viremia, occurring in 8% to 25% and 7% to 54% of pediatric and adult patients, respectively,
following allo-HCT [9]. Virus-associated HC occurs between 2 and 8 weeks (range,

1 week to 6 months) after allo-HCT and is defined by lower urinary tract symptoms

that typically include severe, often debilitating, abdominal pain (marked by use of pain
medications, often requiring continuous narcotic infusions), bladder pressure, urinary
frequency, urinary urgency, dysuria, nocturia, and the presence of gross hematuria with clots
that may lead to urinary obstruction and renal impairment [9-14]. HC can result in rapidly
deteriorating health-related quality of life, prolonged hospitalization, and increasing health
care reimbursements [9,13]. Recent prospective studies have highlighted the importance of
BKV-specific T cell reconstitution by demonstrating the relationship between low levels

of BKV-specific T cells and severe manifestations of HC [11,15]. While BKV causes the
majority of HC cases, HC has also been associated with AdV and CMV infection in a
smaller number of cases [16,17].
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Moreover, virus-associated HC may increase post-HCT mortality. In a large cohort study of
1321 patients, 219 patients (16.6%) developed virus-associated HC, and severe grade HC
(grades 3 to 4) was associated with increased treatment-related mortality at 1 year [18]. A
recent prospective, multicenter trial of the natural history of BKV after allo-HCT showed
that 22% of patients developed grade 2 or higher HC, resulting in a 2-fold increased risk of
death [15].

There are currently no therapies approved by the US Food and Drug Administration

or European Medicines Agency for virus-associated HC [19]. The current standard of

care relies on supportive measures to address the symptoms and manifestations of HC,
including urinary bladder irrigation to avoid blood clot obstructions, red blood cell and
platelet transfusions for bleeding, narcotics for pain, cystectomy in cases with uncontrollable
bleeding, and dialysis for acute renal failure [14,16]. Furthermore, no multicenter,
population-based study that specifically examines the economic and clinical burden of virus-
associated HC has been performed in the United States. The objective of this study was

to describe the economic burden, health resource utilization (HRU), and clinical outcomes
among allo-HCT recipients with virus-associated HC in the United States compared to those
without virus-associated HC using a large real-world claims database.

MATERIALS AND METHODS

The study identified an allo-HCT patient cohort by utilizing the claims database from the
Decision Resources Group (DRG) Real-World Data Repository. DRG’s deidentified claims
database is an open-source claims database that tracks >300 million longitudinal patient
lives covering multiple commercial and government-funded health plans from across the
United States. The database includes epidemiologic, formulary, and enrollment data from

a comprehensive geographical representation across the US population. The open-source
nature of the database provides the ability to track patients as they change payers.

Inclusion/Exclusion Criteria

The inclusion criterion was defined as the first (index) allo-HCT identified through the
International Classification of Diseases (ICD-9 or ICD-10 procedure code, Healthcare
Common Procedure Coding System (HCPCS) code, or a Current Procedural Terminology
(CPT®) code observed for a patient during the study period, defined as January 1,

2012, through December 31, 2017. Subsequent allo-HCTs for the same patient were not
considered in order to avoid double counting. There were no limits on age or underlying
conditions that would prevent patients from being included in this study. Patients were
excluded if they had a previous allo-HCT ICD-9/ICD-10, HCPCS, or CPT procedure code
between January 1, 2011, through December 31, 2011, or if their index procedure was
performed in an outpatient setting.

Study Baseline and Follow-up

The baseline period for assessment of demographics and comorbidities was defined as the
1-year period prior to the index allo-HCT procedure. Patients were followed for a maximum
of 1 year after the index allo-HCT procedure, or date of death, whichever occurred first.
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Study Variables

Baseline characteristics—The following demographic information was included to
characterize the study population: age at the time of allo-HCT procedure, sex, health
insurance plan type, and geographic region. In addition, the number of comorbidities

at baseline was identified through the ICD-9 and ICD-10 diagnosis codes for different
comorbidities observed during the baseline period. These comorbidities were based on
the comorbidities included in the Hematopoietic Cell Transplantation-Comorbidity Index
and include the following: arrhythmia, cardiovascular disease (eg, coronary artery disease,
congestive heart failure, ejection fraction, and shortening fraction), inflammatory bowel
disease, diabetes, cerebrovascular disease, psychiatric conditions, liver disease, infectious
disease, rheumatologic disease, peptic ulcer disease, renal disease, pulmonary disease, prior
solid tumor(s), and heart valve disease.

Transplant characteristics—The underlying disease condition for the allo-HCT
procedure was defined by searching specific diagnostic disease codes within the patient’s
record during the baseline period closest to the date of the index allo-HCT procedure and
categorized as malignant, nonmalignant immunodeficient, nonmalignant immunocompetent,
and inherited metabolic disorders. The stem cell source (eg, bone marrow, peripheral blood,
or cord blood) was identified from the ICD-9 and ICD-10 procedure code for the index
allo-HCT procedure. The stem cell source was considered unknown for those whose index
procedure was identified through HCPCS or CPT codes and for those patients who reported
>1 type of stem cell source, possibly due to miscoding (1.02% of total patients).

Virus-associated HC—There are no direct ICD-9 or ICD-10 diagnosis codes to identify
virus-associated HC; however, diagnosis codes are available to identify HC (ICD-9 code,
595; ICD-10 code, N30). The presence of HC attributable to viral reactivation usually occurs
>2 weeks after the allo-HCT procedure; therefore, a base case of 21 days was chosen to
identify HC [20]. Sensitivity analyses were conducted using 14 and 28 days after allo-HCT
procedure to determine the diagnosis of HC. Based on these results, the base case definition
of 21 days was chosen. After identification of the first HC diagnosis between 21 days and 1
year after the allo-HCT procedure, an algorithm was developed through clinical guidance to
identify patients with virus-associated HC (Figure 1).

In this algorithm, among the patients diagnosed with HC (n = 920), 622 patients with
diagnosis codes for BKV/EBV/JC virus (JCV; grouped together due to nonspecific diagnosis
codes for these infections), CMV, AdV, HHV-6, and other unspecified viruses and an
additional 42 patients who had antiviral use before or at the time of the HC diagnosis
code were considered patients with confirmed virus-associated HC. Among the remaining
patients, 95 patients who had either a viral infection diagnosis or antiviral use 30 days
after HC diagnosis, or viral infection diagnosis or antiviral use after the initial HC
diagnosis followed by another HC diagnosis, were identified as patients with confirmed
virus-associated HC. A total of 759 allo-HCT patients met the criteria for virus-associated
HC. Inducing virus for the virus-associated HC patients with >1 viral infection diagnosis
was identified by applying the hierarchy of BKV/EBV/ICV > CMV > AdV > HHV-6 >
other viruses. The category “other viruses” encompassed coding for all other viruses and
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included, but was not limited to, unspecified viral infections, herpes simplex, and infectious
mononucleosis.

Economic outcomes—The economic outcome of total health care reimbursement per
patient was estimated through total charges in the DRG Real-World Data Repository and
presented in 2019 US dollars, adjusted using the medical care component of the US
Consumer Price Index [21]. The total health care charges were first identified as the total
submitted charges for claims in the 1-year follow-up period after allo-HCT procedure. These
charges were then winsorized at the 1st and 99th percentiles in each subgroup of interest
(patients with and without virus-associated HC) to adjust for outliers. The total reimbursed
amount was then calculated through the ~20% of submitted claims in the DRG Real-World
Claims Database where reimbursed amounts were available. Using these overlapping claims,
a reimbursement-to-charge ratio was calculated as 0.425 and applied to the submitted
charges to generate an estimated reimbursement amount.

Health resource utilization—The major HRU elements included in the analysis for all
allo-HCT patients were hospitalization length of stay (LOS), divided into intensive care unit
(ICU) and general ward stays. The study also examined hospital readmissions, emergency
room visits, outpatient visits, and physician office visits.

Clinical outcomes—All-cause mortality was identified by discharge status code of
“expired” or “hospice” (with transfer to hospice presumed to be a proxy for mortality)

or death-related ICD/HCPCS codes. In addition, other clinical outcomes in the follow-up
period identified through diagnosis codes included renal impairment and urinary retention.
Furthermore, patients with diagnosis codes for any acute or chronic graft-versus-host disease
(GVHD) during the follow-up period were also identified, and clinical outcomes were
examined separately in these 2 groups.

Statistical Analyses—Descriptive analyses were conducted for baseline patient
demographics, transplant characteristics, and comorbidities to describe the allo-HCT patient
cohort with and without virus-associated HC. For all descriptive analyses, categorical
variables were summarized by the frequency and percentages with rounding to 1

decimal place based on available observations. Continuous variables were summarized
using descriptive statistics (n, mean with SD rounded to 1 decimal place), median, and
interquartile range.

Outcomes in the allo-HCT patients with and without virus-associated HC were compared.
Total health care charges and reimbursement, HRU, and clinical outcomes were
descriptively summarized and compared. Clinical outcomes were examined separately for
patients with and without GVHD during the follow-up periods in order to distinguish the
impact of virus-associated HC and GVHD.

Statistical comparisons between continuous variables were conducted using 2-sample ¢
tests, Wilcoxon-Mann-Whitney tests, or analysis of variance tests as appropriate. Statistical
comparisons between categorical variables were conducted using XZ or Fisher exact tests.
All statistical tests were 2-sided with a 5% level of significance. A multivariate analysis
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for total health care reimbursements was also conducted through a generalized linear model
and a negative binomial distribution. Covariates were retained in the multivariate model
through backward selection if £<.10. The final covariates included in the model were virus-
associated HC, age, health insurance plan, underlying disease, stem cell source, number of
comorbidities at baseline, health care reimbursements at baseline, GVHD during follow-up,
interaction between virus-associated HC and GVHD, and follow-up duration. The use of

an interaction term between virus-associated HC and GVHD in this model allowed for
assessment of the joint impact of virus-associated HC and GVHD on total health care
reimbursement as well as determining the impact of virus-associated HC alone by stratifying
patients with and without GVHD. The final multivariate model was then used to derive

the observed-margin least mean square estimates and 95% confidence interval (Cl) of the
total adjusted health care reimbursements for patients with and without virus-associated

HC. The interaction between GVHD and virus-associated HC was statistically significant

in the model, and thereby, the results of the adjusted reimbursements were stratified by the
presence or absence of GVHD.

A Cox proportional hazards model for time to mortality was built with all-cause mortality

as the event of interest, and patients were followed from the date of allo-HCT until date of
death or until 1 year after allo-HCT, whichever was earlier. Virus-associated HC and any
GVHD were assessed as time-varying covariates based on their date of diagnosis, in addition
to the baseline covariates of age at index, sex, underlying disease, stem cell source, and
number of comorbidities at baseline. There were 5 patients with unknown age who were
excluded from this analysis. Covariates with £< .10 were retained in the model through
backward selection.

Separate subgroup analyses on pediatric (aged <18 years at index) and adult (aged = 18
years at index) patients are presented in the supplementary material.

All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC) or
later.

Study Population

The study population consisted of 13,363 allo-HCT patients who met the inclusion criteria
during the time period of January 1, 2012, through December 31, 2017. Of the 920 (6.9%)
allo-HCT patients with HC diagnosis codes 21 days after the allo-HCT procedure, 759
(5.7%) patients were identified as patients with virus-associated HC (Figure 1). Among
these 759 patients, 270 (35.6%) were coded with 2 infections, and 79 (10.5%) were coded
with =3 infections among BKV/EBV/JCV, CMV, AdV, and HHV-6 within the follow-up
period. In addition, BKV/EBV/JCV was identified as the inducing virus for 343 (45.2%)
patients.

The demographic and transplant characteristics for patients with and without virus-
associated HC are summarized in Table 1. The patients who had allo-HCT with virus-
associated HC were younger (39.4 20.1 versus 46.9 20.7; P< .0001) and more likely to
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be male (63% versus 56.8%; £=.0008) than allo-HCT patients without virus-associated
HC, which is in line with this sex difference having previously been identified as a risk
factor for the development of HC (Table 1) [22]. The geographic patient distribution was
representative across the United States and the vast majority of patients with and without
virus-associated HC in this data extract have commercial health insurance (>85%) (Table
1). Although this number is higher than national US estimates, it is a common observation
of claims databases. Additionally, some patients had multiple health insurance plans for the
index allo-HCT procedure; 69% of the patients had only commercial insurance.

Health care reimbursements

The total submitted health care charges for allo-HCT patients with and without virus-
associated HC showed a mean difference of $686,478 ($1,481,699 versus $795,221;

P <.0001; Table 2). Furthermore, the unadjusted total health care reimbursement for
allo-HCT patients with and without virus-associated HC showed a mean difference of
$292,401 ($632,870 versus $340,469; £< .0001; Table 2). For the unadjusted total

inpatient reimbursement during the index allo-HCT hospitalization, the mean difference
was $57,151 ($174,881 versus $117,730; P< .0001; Table 2) while the mean difference

in the unadjusted total inpatient reimbursement for hospital readmissions after the index
allo-HCT hospitalization was $97,463 ($207,149 versus $109,686; £ < .0001; Table 2).
Additionally, a mean difference of $28,905 ($88,436 versus $59,531; £<.0001; Table 2)
was observed for unadjusted total outpatient reimbursement in patients with virus-associated
HC as compared to patients without virus-associated HC. When patients were subdivided
based on the presence of CMV diagnosis code, patients with virus-associated HC in both
groups had significantly higher health care reimbursement than those without HC. The mean
difference in patients with CMV was $220,047 ($667,362 versus $447,315; £<.0001), and
the mean difference in patients without CMV was $286,085 ($586,059 versus $299,974; P<
.0001; Supplementary Table S1). A sensitivity analysis was run on the total reimbursement
to exclude patients who died within 30 and 100 days after allo-HCT and found that the
mean reimbursement was comparable to the overall group in both patients with and without
virus-associated HC (Supplementary Table S2).

Impact of HC on hospital LOS

During the index allo-HCT hospitalization, the mean hospital LOS was significantly longer
in the virus-associated HC group compared to those without virus-associated HC (35.5 days
versus 27.6 days; £< .0001) (Table 2). ICU stays were seen in 29.4% of patients with virus-
associated HC, significantly higher than the 23.3% of patients without virus-associated HC
(P=.0001). Furthermore, among those with an ICU stay, mean ICU days were significantly
longer in the virus-associated HC cohort compared to the cohort without virus-associated
HC (34.3 versus 28.2; £=.0009). The hospital readmission rate (per person year) was
higher for allo-HCT patients with virus-associated HC compared to those without virus-
associated HC (3.47 versus 1.92; £<.0001), resulting in 12.9 more days in mean hospital
LOS in the postindex period (50.0 days versus 37.1 days; £ < .0001; Table 2). The most
common diagnosis requiring hospital readmission was due to complications associated with
the allo-HCT procedure, at 11.4% of patients with virus-associated HC compared to 9.4%
of patients without virus-associated HC. Emergency room visits were greater in allo-HCT
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patients with virus-associated HC (3.2 versus 2.5; £=.0058) compared to those without
virus-associated HC (Table 2).

Multivariable model for reimbursement

Further, the multivariate model showed that after adjusting for age, health insurance plan,
underlying disease, stem cell source, number of comorbidities at baseline, health care
reimbursements at baseline, and follow-up duration, patients with virus-associated HC had
significantly higher total health care reimbursements as compared to patients without virus-
associated HC (P < .0001) irrespective of the presence or absence of GVHD (Figure 2).

Among patients with GVHD, the mean adjusted total reimbursement was assessed and
found to be $539,623 (95% CI, $502,280 to $579,742) for patients with virus-associated
HC and $354,795 (95% Cl, $347,885 to $361,842) for patients without virus-associated
HC, resulting in a $184,828 difference between the groups (Figure 2). Among patients
without GVHD, the mean adjusted total reimbursement was $441,003 (95% CI, $378,980
to $513,177) for patients with virus-associated HC and $228,288 (95% ClI, $222,053 to
$234,697) for patients without virus-associated HC, resulting in a $212,715 difference
between the groups (Figure 2).

To explore potential differences between adult and pediatric patients, we compared the
unadjusted total health care reimbursement for patients with and without virus-associated
HC. This analysis showed a mean difference of $336,571 ($913,843 versus $577,272;
P<.0001) and $258,316 ($561,931 versus $303,615; £ < .0001) in the pediatric and

adult allo-HCT subgroups, respectively (Supplementary Table S3). The mean adjusted
total reimbursement was $269,576 higher for pediatric patients with GVHD and $236,362
higher for those without GVHD between the 2 groups of patients with versus without
virus-associated HC (Supplementary Figure S1). The mean adjusted total reimbursement
was $171,904 higher for adult patients with GVHD and $213,678 higher for those
without GVHD between the 2 groups of patients with versus without virus-associated HC
(Supplementary Figure S1). Both pediatric and adult patients with virus-associated HC had
significantly higher risk of mortality (Supplementary Figure S2).

Impact of HC on clinical outcomes

Among allo-HCT patients with GVHD, all-cause mortality was significantly higher for
patients with virus-associated HC as compared to patients without virus-associated HC
(23.2% versus 18.4%; P=.0035). The presence of renal impairment during baseline was
comparable between allo-HCT patients with and without virus-associated HC, irrespective
of the presence or absence of GVHD. However, among allo-HCT patients with GVHD, a
significantly higher proportion of patients with virus-associated HC had renal impairment
during follow-up and not during baseline compared to patients without virus-associated HC
(43.2% versus 24.1%; P< .0001). In addition, a significantly higher proportion of patients
with virus-associated HC had urinary retention (5.3% versus 2.1%; P < .0001) compared
to patients without virus-associated HC among the allo-HCT patients with GVHD (Table
3). Among allo-HCT patients without GVHD, a significantly higher proportion of patients
with virus-associated HC had renal impairment during follow-up and not during baseline
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(the year before allo-HCT) compared to patients without virus-associated HC (36.2% versus
15.8%; P < .0001). However, there was no statistically significant difference in all-cause
mortality (23.9% versus 20.5%; P =.3297; Table 3). New diagnoses of renal impairment
remained significantly higher in patients with virus-associated HC as compared to patients
without virus-associated HC, irrespective of use of cidofovir in these patients (P< .01)
(Supplementary Table S4).

To assess the impact of HC on all-cause mortality, we performed the Cox proportional
hazards model for time to all-cause mortality. This assessment showed that after adjusting
for confounders, patients with virus-associated HC had a 70% higher risk of mortality as
compared to patients without virus-associated HC (hazard ratio, 1.7; 95% Cl, 1.5 to 2.0).
In addition, diagnosis of GVHD, higher age, higher number of comorbidities, and type of
underlying disease and stem cell source were significant predictors of mortality (Figure 3).

DISCUSSION

Infections and GVHD have been reported to be major cost drivers in the allogeneic HCT
setting [8,23]. In this retrospective observational database study assessing the economic
burden of virus-associated HC in the setting of allo-HCT, patients identified as having virus-
associated HC utilized significantly more health care resources than those without virus-
associated HC, as evidenced by prolonged hospitalization, a greater proportion of patients
with any ICU days, longer ICU stays, higher hospital readmission rates, and increased
reimbursements. Irrespective of the presence or absence of GVHD, virus-associated HC had
a significant association with increased health care reimbursements even after adjusting for
age, health plan, underlying disease, stem cell source, number of comorbidities, baseline
reimbursements, and follow-up time. The mean overall hospital LOS (index hospitalization
and readmissions after index) was prolonged by 27.1 days (76.8 versus 49.7; £<.0001),

or 55% greater, for allo-HCT patients with virus-associated HC versus patients without
virus-associated HC. This finding is consistent with other studies of allo-HCT patients with
virus-associated HC that have reported significantly prolonged hospitalizations, although
this study is unique in that it also reports an increase in the number of days the patients were
required to be in the ICU [13].

Multiple retrospective and prospective clinical studies have demonstrated the significant and
independent association between BK viral infection, HC, and subsequent kidney function
decline and worse patient survival [15,24,25]. In a recent prospective multicenter study

of 193 allo-HCT recipients, those with viremia >10,000 copies/mL in the first 3 months
after their transplantation had significantly higher risk of receiving dialysis independent

of the presence of symptoms [15]. In our study, virus-associated HC was associated with
increased incidence of renal impairment in all allo-HCT patients. When stratified by GVHD,
there were no significant differences in baseline incidence for renal impairment. However,
virus-associated HC was associated with increased incidence for renal impairment in the
follow-up period in patients with or without GVHD (P < .0001 for both). The etiology for
renal impairment following HCT is likely multifactorial. HC with severe hematuria may
cause urinary tract obstruction resulting in renal insufficiency [24]. Use of nephrotoxic
medications [24], BK nephropathy [15], and other complications of HCT, such as GVHD
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[18,24] and transplant-associated thrombotic microangiopathy [24], may contribute to short-
and long-term renal impairment.

Importantly, virus-associated HC was associated with increased all-cause mortality in
patients with GVHD but not in patients without GVHD. However, when examining time
to all-cause mortality as an adjusted analysis through a Cox proportional hazards model,
virus-associated HC was significantly (P < .0001) associated with a higher risk of all-cause
mortality. In particular, patients with virus-associated HC had a 70% increased risk of
mortality, a statistically significant (£ < .0001) result seen even after adjusting for presence
of GVHD as well as other baseline factors. Laskin et al. [15] recently reported that the

risk of death was doubled in patients with grade > 2 BK virus-associated HC. Other
retrospective, single-center studies have reported an association between grade 3 to 4

BK virus-associated HC and decreased overall survival [25] or increased treatment-related
mortality [18] in multivariate analyses.

Treatment for these patients remains palliative; cidofovir has been used to treat patients,

but its use is limited because of renal toxicity and the lack of clinical trials evaluating

its efficacy [9,19]. Studies have been conducted with ciprofloxacin to evaluate its
prophylactic prevention of BK virus-associated HC, but these studies were inconclusive [9].
Intravesicular administration of cidofovir has been used in the treatment of this disease, but
it will require clinical trials to verify its efficacy and safety [26]. Therefore, there remains a
substantial unmet medical need for new safe and efficacious therapies for these patients [19].

One emerging therapy that aims at reducing this burden is infusion of virus-specific T

cells (VSTs), targeted to help restore virus-specific immunity in allo-HCT patients. This
therapy is created from healthy seropositive donors and can be stored until needed, making it
immediately available. In a study of allo-HCT patients with BKV-associated HC, treatment
with VSTs led to rapid resolution of gross hematuria and symptomatic improvement with

no significant treatment-related toxicities observed. The data from this study suggest that
VSTs could provide a safe and effective therapy in the treatment of virus-associated HC in
allo-HCT patients [27]. Additional therapies with other mechanisms of action are also being
investigated to address the unmet need in the treatment of BKV-associated HC [19].

Our study has several limitations, consistent with any study using administrative claims
data. First, clinical outcomes within 1 year of an allo-HCT procedure may also be under-
represented due to coding limitations, especially with the ICD-9 coding used prior to 2015.
Second, there was no specific code for the identification of virus-associated HC, and hence,
an algorithm based on clinical guidance was defined to identify these patients. Because of
this, it is likely that the number of patients with virus-associated HC is underestimated in
this study. Future assessments of these data may benefit from additional internal validation
verifying correct capture of patients with virus-associated HC. Third, longitudinal claims
database studies requiring continuous enrollment are often hampered by the transition of
patients into and out of US health plans every few years, although the open claims nature
of the database used in this study may account for such transitions. Fourth, the claims data
do not include information concerning events outside the hospital, such as out-of-hospital
deaths. In addition to the limitations of the coding system and the claims database, the total
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reimbursed amount in our study was estimated through a reimbursement-to-charge ratio of
0.425 derived from ~20% of submitted-remitted overlapping claims in the DRG Real-World
Claims Database, which is an estimated reimbursement and not the real reimbursement.
Additionally, there were some patients with missing information on the submitted charges
for the index allo-HCT hospitalizations, and hence, the total reimbursements of these
patients are underestimated.

In addition, in this study, 5.7% of allo-HCT patients were identified as having virus-
associated HC. The observed low incidence compared to the higher range reported in the
literature may reflect the stringent and focused diagnostic algorithm applied in order to
identify allo-HCT patients with a high certainty of virus-associated HC, in addition to the
under-reporting of certain diagnoses that is commonly seen in claims databases. While
acknowledging these limitations, the strengths of this work lie in the nature of the study as
the first of its kind to assess the burden of viral-associated HC in the United States through
the use of a comprehensive multivariate modeling system.

CONCLUSIONS

Allo-HCT patients with virus-associated HC incurred significantly greater costs (as
measured through health care reimbursements) and increased HRU, when adjusting for
additional variables using this multivariate model. Clinical outcomes significantly associated
with virus-associated HC in allo-HCT patients included renal impairment and urinary
retention, irrespective of the presence or absence of GVHD. The adjusted analyses showed
that the total reimbursement and mortality were higher for allo-HCT patients with virus-
associated HC, regardless of the presence of GVHD. Our results suggest that improved
treatment and prevention strategies for virus-associated HC can potentially reduce the
associated costs and resources required for treatment and improve clinical outcomes for
allo-HCT patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patients with HC diagnosis codes 21 days after allo-HCT
procedure: ICD-9 code- 595; ICD-10 code- N30

N=920

Viral infection diagnosis before or at the time of HC diagnosis:
BKV/EBV/ICV; CMV; AdV; HHV-6; other unspecified viruses

— —

Patients with confirmed virus- Use of antiviral treatments before or at the time of HC diagnosis:
associated HC

cidofovir, brincidofovir, ribavirin, ganciclovir, valganciclovir,

N=622 foscarnet

Yes I | m

Patients with confirmed virus- | | Additional case-by-case exploration to identify virus-associated HC:
associated HC

1. Examine viral infection diagnosis or antiviral use within 30 days
N=42 after HC diagnosis; or

2. Examine viral infection diagnosis or antiviral drug use after initial
HC diagnosis followed by another HC diagnosis

N=256
i [ ' | | No_|
Patients with confirmed virus- Patients with HC with no
associated HC indication of virus-associated HC
N=95 N=161

v \ 4 ‘

N=759

Total patients with virus-associated HC ]

Number of viral infections

(BKV/EBV/JCV, CMV, AdV, HHV-6) N =759
within 1 year post-allo HCT

None!
1

2
E
4

Inducing virus?

BKV/EBV/JCV 343 (45.2%)
CMV 230 (30.3%)

L) AdV 33 (4.3%)

331 (43.6%)

270 (35.6%) [bebhdad 18 (2.4%)
67 (8.8%) Other viral infections 85 (11.2%)
12 (1.6%) Antiviral drug use 50 (6.6%)

Figure 1.
Algorithm for identification of patients who had allo-HCT with virus-associated HC within

1 year. Algorithm used to determine cases of virus-associated HC after allo-HSCT. 1Patients
were identified as virus-associated HC by other viral infection or antiviral drug. 2The
identification of inducing virus follows the hierarchy: BKV/EBV/JCV > CMV > AdV >
HHV-6 > other virus.
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Total adjusted reimbursements (2019 USD)
P<0.0001
$539,623 P<o.qoo1
$441,003
$354,795
$228,288

n=621 n=8278 n=138 n=4326

With GVHD Without GVHD

B With V-HC OWithout V-HC

Figure 2.

Adjusted total reimbursements within 1 year of undergoing allo-HCT for patients with and
without virus-associated HC, stratified by GVHD. Least square means and 95% Cls for
the adjusted reimbursements for each patient group were derived from a generalized linear
model. The model provided estimates adjusted for age, health insurance plan, underlying
disease, stem cell source, number of comorbidities, reimbursements at baseline, GVHD
during follow-up, interaction between presence of virus-associated HC and GVHD, and

follow-up time. V-HC, virus-associated HC.
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Parameter Definition Hazard Ratio Pairwise Overall
[95% CI] P value P value
Virus—-associated HC  No (ref) [) 1.0 <0.0001
Yes o 1.7[1.5-2.0] <0.0001
GVHD No (ref) ® 1.0 <0.0001
Yes @1 1.7[1.5-1.8] <0.0001
Age group (years) <18 (ref) I 1.0 <0.0001
18-34 1.1[0.9-1.3] 0.5450
35-49 o 13[1.1-1.6] 0.0025
50-64 = o 1.5[1.3-1.8] <0.0001
265 o 19[1.6-2.2] <0.0001
Underlying disease Malignant (ref) 1.0 0.0006
Nonmalignant immunodeficient )—:—! 1.0[06-15] 0.8687
Nonmalignant immunocompetent —o— 0.7[0.6-0.9] 0.0008
Inherited metabolic disorders f 4 09[0.3-24] 0.8304
Unknown —— 0.5[0.3-0.8] 0.0030
Stem cell source Bone marrow (ref) ‘_a 1.0 <0.0001
Peripheral blood 1.0[09-1.1] 0.8685
Cord blood o 14[1.2-17] 0.0003
Unknown —o— 0.5[0.4-0.6] <0.0001
Number of baseline 0 (ref) ® 1.0 <0.0001
comorbidities 1-2 H@H 1.3[1.1-1.4] 0.0007
23 : r—.-li ; 1.8[1.6-2.1 <0.0001
0.2 0.5 1.0 2.0 4.0
Hazard ratio [95% Cl]
Figure 3.

Cox proportional hazards model for time to all-cause mortality as determined by parameter.

Virus-associated HC and any GVHD were assessed as time-varying covariates based on their
date of diagnoasis, in addition to the baseline covariates of age at index, sex, underlying
disease, stem cell source, and number of comorbidities at baseline.
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