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ABSTRACT

BACKGROUND: Membranous nephropathy (MN) is a common cause of
nephrotic syndrome in nondiabetic adults. Approximately one third of
patients with MN progress to end-stage renal disease (ESRD), while others
may be successfully treated to remission. Patients with MN represent

a high-risk population for whom management strategies can alter and
improve outcomes. Currently, there is little real-world evidence regarding
the burden of MN on health plans.

OBJECTIVES: To (a) characterize clinical and economic outcomes during a
1-year time frame among a prevalent cohort of patients with MN and (b) com-
pare the 5% of patients incurring the highest cost with the remaining 95%.

METHODS: A retrospective analysis of commercially insured patients was
conducted using MarketScan administrative health care claims data from
January 1, 2012, to December 31, 2015. Patients were aged =18 years,
enrolled in a fee-for-service plan, and had =2 medical claims for an MN
diagnosis (ICD-9-CM codes 581.1, 582.1, and 583.1). Diagnoses indicating
clear secondary causes were excluded wherever possible. Demographics
were determined as of the first diagnosis date; clinical characteristics (e.qg.,
MN-specific therapy, complications, and procedures), health care resource
utilization (HCRU; inpatient, outpatient including other outpatient and
emergency department [ED], and prescriptions), and costs were evaluated
for 1 year following MN diagnosis. Total costs and cost distribution (2017
U.S. dollars) were examined using plan-paid and patient-paid amounts.
The 95th percentile was used to categorize and compare the subcohorts:
high-cost cohort (HCC) patients (top 5%) and non-high-cost cohort (NHCC)
patients (the remaining 95%). Descriptive analyses, chi-square tests, and
Wilcoxon rank-sum tests were conducted.

RESULTS: 2,689 patients were identified (60.0% male, mean age =46.4
years). Severity and advanced disease were observed in a higher
proportion of HCC patients (n=134) versus NHC patients (n=2,555) via
adverse health outcomes, procedures, and immunosuppressant use. HCC
patients used significantly more resources on average than NHCC patients
(additional use): 1.7 inpatient, 1.2 ED, and 4.8 outpatient office visits; 15
prescriptions; and 64.8 other outpatient visits (i.e., outpatient, hospital, and
ESRD facilities). Total MN-related cost and mean (SD) cost per patient were
$123.2 million and $45,814 ($101,353); HCC patients accounted for 43.7%
of total costs for a mean cost per patient of $401,608 versus NHCC patients
at 56.3% and mean cost per patient of $27,154. The greatest costs for both
groups were related to outpatient visits (HCC=46.7%; NHCC=52.8%),
inpatient visits (HCC=27.7%; NHCC =28.6%), and prescriptions
(HCC=25.7%; NHCC =18.6%).

CONCLUSIONS: Patients with MN are significantly burdened with high
disease severity and adverse health outcomes, resulting in substantial
HCRU and costs. Health plan cost drivers for MN (HCC and NHCC patients)
occurred primarily in the outpatient setting, followed by the inpatient
setting and prescriptions. Modifiable aspects preceding progression to
advanced renal disease and worse outcomes should be explored to identify
effective interventions and improve resource allocation earlier in the dis-
ease pathway, before ESRD.

J Manag Care Spec Pharm. 2019;25(9):1011-20
Copyright©2019, Academy of Managed Care Pharmacy. All rights reserved.

What is already known about this subject

¢ Glomerulonephritis, including membranous nephropathy (MN),
is a prevalent and expensive cause of end-stage renal disease (ESRD).

* Over one third of patients with MN progress to ESRD or mortality;
others represent an opportunity for successful treatment to
remission.

¢ Clinical and economic aspects of MN have been under-recognized
and underappreciated by clinicians and largely unexplored by
researchers.

What this study adds

* This research presents unique health claims data on a
prevalent MN cohort of patients, with important evaluations of
characteristics, clinical and economic outcomes, and high- and
low-cost comparisons.

* This study found that the cohort with the top 5% in expenditures
appeared to have more severe and advanced disease, more
treatment-related complications, and broader resource use.

embranous nephropathy (MN) is one of the most
‘ \ / | common and challenging causes of mnephrotic

syndrome among adults.* Peak incidence occurs in
the fourth and fifth decades of life, and overall incidence in
adults is estimated at 1.2 per 100,000 per year.>* Approximately
75% of MN cases are idiopathic membranous nephropathy
(iMN), while secondary causes include autoimmune diseases,
infection, drugs, and malignancy. The frequency and etiology
of secondary causes vary in different geographic areas.’
Patients with MN have varying clinical courses and treatment
responses.® Although spontaneous remission occurs in
approximately one third of MN patients and some may
experience successful treatment-led proteinuria remission,
30%-40% of patients progress to end-stage renal disease
(ESRD) within 5-15 years.’

Glomerulonephritis, including MN, accounts for the third
most common cause of ESRD in the United States.” Annual
medical costs per patient with ESRD reached $65,312 per
patient for Medicare and between $96,000 and $180,000
per patient for private insurance in 2012.% With a growth
in the total number of covered lives, this number has risen
over time: total Medicare spending on ESRD patients during
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2015 exceeded $34 billion.>'® Moreover, a study of 13,796
individuals with chronic kidney disease (CKD) and their
matched controls reported that CKD and ESRD patients used
considerably more health care resources on an ongoing basis
compared with those without CKD or those at the pre-ESRD
stage (2001 U.S. dollars).'"'* Patients with MN therefore
represent a major economic challenge and are at a high risk
for complications; thus, management strategies may alter and
improve outcomes.*!?

Treatment guidelines and modalities for MN are
composed of immunosuppressants, including corticosteroids,
cyclophosphamide, chlorambucil, and calcineurin inhibitors
(CNIs; e.g., cyclosporine and tacrolimus); repository cortico-
tropin injections (RCls; H.P. Acthar Gel), rituximab, and
mycophenolate mofetil (MMF).!* These are often supplements
for background therapies such as angiotensin-converting
enzyme inhibitors (ACEls), angiotensin receptor blockers
(ARBg), statins, diuretics, and anticoagulants. The progression
risk and side effect profile are key factors in the selection
of immunosuppressant therapy, and therapeutic regimens
involving immunosuppressant agents, dosing, and duration
have also been known to vary by region.”

MN and other glomerulonephropathies have been under-
recognized and underappreciated in terms of their clinical and
economic relevance in U.S. clinical practice. Little information
is currently available regarding patients affected by MN in terms
of patient characteristics and clinical and economic outcomes.
The burden of illness and effect of the condition within a
specific U.S. health care system are currently unknown.
However, commercial health insurance provides primary
health coverage for advanced renal outcomes (such as dialysis
and ESRD) during the 30-month coordination of benefits
(COB) period proceeding Medicare eligibility.!®!" Therefore,
commercial administrative claims provide strong insight into
key aspects of the disease that incur health care resource
utilization (HCRU).

Given the lack of real-world data on the burden of MN,
we sought to identify prevalent cohorts of patients in U.S.
commercial health insurance claims data and describe their
real-world outcomes and costs over 1 year. A tailored literature
review, a renal health plan coverage primer, and related coding
conventions were leveraged to identify patients with primary
MN and their relevant health outcomes using claims data.®!%1°
To facilitate more granular evaluation of the cohorts, we
categorized our prevalent primary MN cohort into subcohorts
(high-cost cohort [HCC] and non-high-cost cohort [NHCC]) in
order to characterize and compare patients.

I Methods
Data Source
This retrospective observational analysis used administrative
health care claims data from the IBM MarketScan database.

MarketScan data contain deidentified patient enrollment
information and medical and pharmacy claims data for U.S.
patients enrolled in employer-sponsored commercial and
Medicare Advantage supplemental health plans. As the analysis
was conducted using deidentified data, institutional review
board approval was not required.*

Study Population

To assess cost analyses during the 1-year observation period,
the study population was selected from commercially insured
fee-for-service (FFS) patients due to the comprehensiveness of
claims and accuracy of cost information. During the 30-month
COB period preceding Medicare eligibility, commercial insur-
ance offers primary health coverage for adverse renal events
such as permanent kidney failure, dialysis, and kidney trans-
plantation.'*"® Since Medicare Advantage coverage within the
MarketScan database is supplementary and primary Medicare
claims were not available, eligibility was limited to the com-
mercially insured population.

Patient Selection

Patients with >2 medical claims for an MN diagnosis
(International Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] codes 581.1, 582.1, and 583.1) were
identified during the period from January 1, 2012, to December
31, 2015. The first MN diagnosis date was designated as the
index date. Patients were required to be = 18 years on the index
date and continuously enrolled in a health plan with medical
and prescription benefits for the l-year post-index (follow-
up) period. To ensure patients had primary MN @.e., iMN),
wherever possible, patients with diagnosis claims indicating
secondary causes of MN were excluded (see Figure 1 for the
list of secondary causes).?!*

Patient Characteristics and Outcome Measures

Patient demographics included age, sex, U.S. geographic region,
and Charlson Comorbidity Index (CCI) score.” In consideration
of the cohort under study, end-stage disease was also included
and defined as any of the following: the occurrence of an ESRD
diagnosis, CKD stage 4 or stage 5, renal transplant procedure,
dialysis, or indications for an erythropoietin drug.?>** Clinical
outcomes included bleeding-related complications, infections,
and MN-related renal outcomes.?*>* Bleeding included
any major gastrointestinal, major intracranial, or any other
hemorrhage. Other infections included acute pyelonephritis,
cholangitis, tuberculosis, cytomegalovirus, varicella zoster,
chronic pyelonephritis without renal medullary necrosis, acute
pyelonephritis without renal medullary necrosis, unspecified
pyelonephritis, and soft tissue infections. Renal procedures of
interest included dialysis, renal transplant, and kidney biopsy.*’
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Patients had =2 medical claims for MN (ICD-9-CM: 581.1, 582.1 or 583.1) during the study period

(first diagnosis date=index date)
N=11,961

}

4

Aged =18 years with 12 months continuous medical and pharmacy health coverage post-index
n=5,718

Patient Selection Criteria

)

}

4

¢

No evidence indicating secondary causes of MN during the study period?
n=3,930

)

v

¢

Enrolled in a commercial health insurance plan
n=3,355

)

A

4

¢

FFS plan
n=2,689

)

HCC patients®
n=134

«—
¢ )

NHCC patients®
n=2,555

—
. )

aSecondary causes of MN included systemic lupus erythematosus, hepatitis B or C, amyloidosis, multiple myeloma, human immunodeficiency virus, preeclampsia, systemic
sclerosis, Sjogren’s syndrome, dermatomyositis, polymyositis, unspecified diffuse connective tissue disease, rheumatoid arthritis, Felty’s syndrome, other rheumatoid
arthritis, juvenile chronic polyarthritis, unspecified inflammatory polyarthropathy, polyarteritis nodosa, Goodpasture’s glomerulonephritis, Wegener’s glomerulonephritis,

giant cell arteritis, thrombotic microangiopathy, Takayasu’s disease, and purpuras.
PHCC was defined as the 5% of patients responsible for the highest costs.
cNHCC was composed of the remaining 95% of prevalent patients.

FFS = fee-for-service; HCC = high-cost cohort; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; MN =membranous nephropathy;

NHCC=non-high-cost cohort; NS=nephrotic syndrome.

Medication use was defined as any use of the following
medications. Relevant therapies of interest administered as
procedures (such as intravenous immunoglobulin [IVIG] and
plasmapheresis) and dispensed through the pharmacy included
background therapy (any prescription claim for ACEIs, ARBs,
statins, anticoagulants, diuretics)*® and immunosuppressants
often used to treat MN, including corticosteroids (prednisone,
prednisolone, methylprednisolone, and dexamethasone); CNIs
(cyclosporine and tacrolimus); cyclophosphamide; MMF; RCls;
rituximab; chlorambucil; and proteasome inhibitors (bortezo-
mib and fish oil).

Medication use was not considered to be mutually exclu-
sive (e.g., patients could have taken multiple medications
simultaneously), except in the case of established regimens
such as the Ponticelli regimen (i.e., cyclical corticosteroids and
chlorambucil), modified Ponticelli regimen @.e., cyclical corti-
costeroids and cyclophosphamide), and combination therapies

(e.g., corticosteroids and CNIs)*®#%; regimens were determined
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by identifying any overlap in the dispense date of any of the
prescription medications previously specified.

All-cause HCRU was assessed, including inpatient use,
length of stay (LOS), outpatient use (including services ren-
dered in an office), emergency department (ED) visits, and all
prescriptions dispensed through the pharmacy.

Other outpatient service utilization was separated from out-
patient office visits, given that the former represented, among
others, outpatient hospital and ESRD facility use. All-cause
health care costs were based on FFS plan-paid and patient-paid
amounts.

Analyses

Patient demographics were determined as of the index date,
and clinical and economic outcomes were evaluated for the fol-
lowing 1-year period. Comorbidities and outcomes measures
were defined using diagnosis, procedure, and drug identifier
codes from claims.
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Demographics and Baseline Characteristics of Patients with Primary MN

MN Patients
All (N=2,689) HCC (n=134) NHCC (n=2,555)
n ‘ % n % n ‘ % P Value?
Age
Mean, SD 46.4 12.6 44.5 13.5 46.5 12.6 0.069
Median 48 46.5 48
Age group
18-34 520 19.3 33 24.6 487 19.1 0.112
35-44 589 219 31 23.1 558 21.8 0.724
45-54 698 26.0 29 21.6 669 26.2 0.242
>55 882 32.8 41 30.6 841 32.9 0.577
Sex
Male 1,599 59.5 81 60.4 1,518 594 0.812
Female 1,090 40.5 53 39.6 1,037 40.6 0.812
Geographic location
Northeast 530 19.7 27 20.1 503 19.7 0.896
North Central 676 25.1 30 224 646 253 0451
South 1,045 38.9 52 38.8 993 38.9 0.989
West 401 14.9 23 17.2 378 14.8 0453
Unknown 37 14 2 1.5 35 14 0.905
CClI score
Mean, SD 2.96 1.69 3.95 2.44 291 1.63 <0.001
Median 2.0 3.0 2.0
Patients with end-stage diseaseP 428 15.9 88 65.7 340 13.3 <0.001

Note: Percentages have been rounded to 1 decimal place only and subsequently may not equal exactly 100% in aggregate as represented in the table.

aP values were calculated using t-tests (for continuous variables) and chi-square tests (for categorical variables) to reflect differences between HCC and NHCC patients.
bEnd-stage disease included end-stage renal disease, chronic kidney disease stage 4 or 5, renal transplants, presence of an erythropoietin drug, or dialysis.

CCI= Charlson Comorbidity Index; HCC = high-cost cohort; MN = membranous nephropathy; NHCC=non-high-cost cohort; SD =standard deviation.

Descriptive analyses of demographics and statistical analy-
ses of the 1-year clinical and economic outcomes (including
HCRU and costs) were conducted. Counts and percentages
were provided for dichotomous variables. Means, medians,
and standard deviations (SDs) were provided for continuous
variables.

All-cause costs and cost distributions were examined for
all patients. The 95th percentile of plan-paid costs were used
to form 2 patient subcohorts: HCC (i.e., the top 5% of patients
who contributed the highest costs; considered to be the high-
cost cohort [Appendix A, available in online article]), and the
NHCC (i.e., the remaining 95% of patients; considered to be
the non-high-cost cohort). These cohorts were then compared.
Results are presented for all patients, along with HCC versus
NHCC, in order to highlight specific areas of difference.
Chi-square and t-tests were used to compare categorical and
continuous variables, respectively, and to generate P values,
where values <0.05 were considered statistically significant.
Wilcoxon rank-sum tests were used to compared all-cause
costs and utilization because of the tendency of cost data in
claims databases to skew.

Costs were then adjusted to 2017 U.S. dollars using the
medical care component of the Consumer Price Index.’® All

analyses were performed by STATinMED Research using SAS,
version 9.3 (SAS Institute, Cary, NO).

I Results

Patient Characteristics

A total of 2,689 patients with MN enrolled in FFS health plans
were identified (Figure 1). The mean age was 46.4 years; 59.5%
were male and mostly resided in the South U.S. region (39.0%).
The male-to-female ratio within the HCC and NHCC was simi-
lar (3:2), as was the geographic distribution; however, the mean
age of patients in the HCC was approximately 2 years younger
than that of the NHCC. HCC patients had higher CCI scores
and a higher proportion of evidence of ESRD compared with
NHCC patients (Table 1).

One-Year Clinical Outcomes

Use of background therapy is described in Table 2. Approxi-
mately 73.4% of all patients were prescribed ACEIs or ARBs,
with a significantly smaller proportion of use in the HCC
(64.9% vs. 73.9%) compared with the NHCC. Approximately
35.3% of all patients were taking diuretics and 28.5% were
prescribed statins, although diuretic use was significantly more
prevalent in the HCC (52.2% vs. 34.4%) compared with the
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One-Year Treatment Use in Patients with

MN

Patients with MN
All (N=2,689) HCC (n=134) NHCC (n=2,555)
n ‘ % n % n % P Value?
Background therapy
ACEIs 1,270 47.2 52 38.8 1,218 477 0.045
ARBs 972 36.1 53 39.6 919 36.0 0.400
ACEIs/ARBs 1,975 734 87 64.9 1,888 73.9 0.022
Statins 767 28.5 45 33.6 722 28.3 0.183
Diuretics 949 353 70 522 879 344 <0.001
Anticoagulants 88 33 11 8.2 77 3.0 0.001
Immunosuppressant therapy?

Any immunosuppressant 1,498 55.7 110 82.0 1,388 54.0 <0.001
Any corticosteroid 1,217 453 80 59.7 1,137 445 <0.001

Prednisone 905 33.7 64 47.8 841 329 <0.001

Prednisolone 37 14 1 0.7 36 14 0.521

Methylprednisolone 355 13.2 15 11.2 340 13.3 0.481

Dexamethasone 235 8.7 14 10.4 221 8.6 0473
Any CNI 574 21.3 48 35.8 526 20.6 <0.001

Cyclosporine 296 11.0 11 8.2 285 11.2 0.288

Tacrolimus 299 11.1 40 29.9 259 10.1 <0.001
RCI 62 2.3 39 29.1 23 0.9 <0.001
Rituximab 33 1.2 5 3.7 28 1.1 0.007
IVIG 14 0.5 3 2.2 11 0.4 0.005
Plasmapheresis 6 0.2 2 1.5 4 0.2 <0.001
Chlorambucil 4 0.1 0 0.0 4 0.2 0.647
Ponticelli regimen 4 0.1 0 0.0 4 0.2 0.647
Modified Ponticelli regimen 120 4.5 6 4.5 114 4.5 0.993
Ponticelli regimen + modified 124 4.6 6 4.5 118 4.6 0.940
Ponticelli regimen®
Any corticosteroid +any CNI 1,380 51.3 89 66.4 1,291 50.5 <0.001
MMF 332 12.3 32 23.9 300 11.7 <0.001
Cyclophosphamide 124 4.6 7 5.2 117 4.6 0.729
Proteasome inhibitor 88 3.3 5 3.7 83 3.2 0.760

Note: Percentages have been rounded to 1 decimal place only and subsequently may not equal exactly 100% in aggregate as represented in the table.

aP values were calculated using chi-square tests and reflect differences between HCC and NHCC patients.

bTreatments shown above are not mutually exclusive. For example, patients prescribed prednisone may also have been prescribed other immunosuppressants.

cAny corticosteroid + chlorambucil/cyclophosphamide was used to define the Ponticelli regimen and modified Ponticelli regimen.

ACEI = angiotensin-converting enzyme inhibitor; ARB=angiotensin receptor blocker; CNI=calcineurin inhibitor; HCC=high-cost cohort; IVIG =intravenous immunoglobulin;
MN =membranous nephropathy; MMF = mycophenolate mofetil; NHCC = non-high-cost cohort; RCI=repository corticotropin injection; SD =standard deviation.

NHCC. Of the 3.3% of patients prescribed anticoagulants, use
was 8.2% among HCC patients vs. 3.0% among NHCC patients.

More than half of patients (55.7%) received immuno-suppres-
sant therapy, with a much higher proportion of use in the HCC
(82.0% vs. 54.0%) compared with the NHCC. The proportion of
all patients receiving medications suggestive of the Ponticelli or
the modified Ponticelli regimens was 4.6%; 4.6% and 3.3% were
for cyclophosphamide and proteasome inhibitors, respectively.
No significant differences were observed among HCC and NHCC
patients for these medications. Of the 45.3% of patients who
received corticosteroids (most commonly prednisone), a signifi-
cantly higher proportion of patients were included in the HCC
(47.8% vs. 32.9% for the NHCO). Of the 21.3% receiving CNIs,

www.jmcp.org Vol 25, No. 9 September 2019

HCC patients had approximately 15% greater use than NHCC
patients (35.8% vs. 20.6%). MMF was used by 12.3% of patients,
with a significantly increased use in the HCC vs the NHCC
(23.9% vs. 11.7%). Similarly, a significantly greater proportion of
HCC patients used RCI, rituximab, IVIG, and plasmapheresis,
although the total sum of use was <5.0%.

Complications, infections, adverse outcomes, and proce-
dures of interest are listed in Table 3. Among bleeding-related
complications, bleeding was observed in 30.8% of patients and
occurred in almost twice as many HCC vs NHCC patients.
Deep vein thrombosis and pulmonary embolism occurred in
approximately 2% of patients and in over 3 times as many in
HCC versus NHCC patients.
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One-Year Complications, Infections, and Adverse Health Outcomes and Procedures

Among Patients with MN

Patients with MN
All (N=2,689) HCC (n=134) NHCC (n=2,555)
n % n % n % P Value?

Bleeding-related complications

Any bleedingP 827 30.8 75 56.0 752 294 <0.001

Deep vein thrombosis 59 22 8 6.0 51 2.0 0.002

Pulmonary embolism 57 2.1 9 6.7 48 1.9 <0.001

Complications of a transplanted kidney 166 6.2 38 284 128 5.0 <0.001

Hematuria 258 9.6 18 13.4 240 9.4 0.122
Infections

Septicemia 64 2.4 22 16.4 42 1.6 <0.001

Pneumonia 136 51 23 172 113 44 <0.001

Kidney infection 2 0.1 0 0.0 2 0.1 0.746

Urinary tract infection 493 18.3 38 284 455 17.8 0.002

Infection and inflammatory reaction due 13 0.5 7 5.2 6 0.2 <0.001

to vascular device, implant, and graft

(due to peritoneal dialysis catheter)

Other infections® 90 3.3 18 134 72 2.8 <0.001
MN-related outcomes

Acute kidney injury 432 16.1 63 47.0 369 14.4 <0.001

Chronic kidney disease (any) 1,860 69.2 119 88.8 1,741 68.1 <0.001

Stage 4 418 15.5 35 26.1 383 15.0 <0.001
Stage 5 258 9.6 43 32.1 215 8.4 <0.001

Procedures of interest

Dialysis 268 10.0 75 56.0 193 7.6 <0.001

Renal transplant 93 3.5 30 224 63 2.5 <0.001

Kidney biopsy 435 16.2 48 35.8 387 15.1 <0.001

Note: Percentages have been rounded to 1 decimal place only and subsequently may not equal exactly 100% in aggregate as represented in the table.

aP values were calculated using chi-square tests and reflect differences between HCC and NHCC patients.

bAny bleeding includes any major gastrointestinal, major intracranial hemorrhage, or any other hemorrhage.

Other infections include acute pyelonephritis, acute pyelonephritis without renal medullary necrosis, chronic pyelonephritis without renal medullary necrosis, unspecified
pyelonephritis, cholangitis, tuberculosis, cytomegalovirus, varicella zoster, and soft tissue infections.

dHCC outpatient other: outpatient hospital = $88,729 (48.6%); ESRD facilities=$67,302 (36.8%); other facilities=$26,713 (14.6%).

HCC= high-cost cohort; MN = membranous nephropathy; NHCC = non-high-cost cohort.

Urinary tract infections occurred in 18.3% of all patients
and were approximately 10% higher in HCC vs NHCC patients.
Pneumonia, septicemia, and other infections were also more
prevalent in HCC patients by 10%-15% versus NHCC patients.

Acute kidney injury occurred in 16.1% of all patients. The
proportion of patients with evidence of ESRD in the HCC was
4-5 times higher than for those in the NHCC. Approximately
10% of all patients were administered dialysis, and dialysis in
the HCC was 8 times more prevalent than in the NHCC; renal
transplant was prevalent in 3.5% of all MN patients with 10
times greater prevalence in the HCC than NHCC.

All noted differences were significant at P<0.05.

One-Year Economic Outcomes

On average, all MN patients had 9.7 outpatient office visits, 0.4
inpatient admissions, and 24.5 other outpatient visits. HCC
patients used significantly more HCRU than NHCC patients:

1.7 more inpatient admissions and a mean 12.8 days longer
inpatient LOS, 15 more prescription claims, 1.1 more ED
admissions, 5.8 outpatient office visits, and 64.7 more other
outpatient visits (Appendix A). When comparing the cohorts
in the other outpatient setting, outpatient hospital use (27.6
more visits) and ESRD facility use (29.7 more visits) were the
primary drivers of the substantial HCRU differences. All differ-
ences noted above were significant at P<0.01.

Total and mean (SD) costs per patient for all patients with
MN were $123.2 million and $45,814 ($101,353), respectively.
HCC patients incurred 43.7% of total costs, or $53.8 mil-
lion (see Appendix A), and a greater mean per-patient cost
of $401,608 for HCC vs non-HCC patients, with a mean per-
patient cost of $27,154.

Among both HCC and NHCC patients, the primary driver
of total costs occurred in the outpatient setting (HCC=46.6%
and NHCC=52.8% among their total costs, respectively).
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One-Year Mean Per-Patient All-Cause Health Care Costs for Patients with MN (HCC vs. NHCC)?

187,085
200,000 (46.6)
All P<0.01
180,000
160,000
140,000
111,140
® 120,000 103,382 (27.7) EHCC (n=134) $401,608°
8 (25.7) B NHCC (n=2,555) $27,154°
& 100,000
4
> 80,000
60,000
40,000
14,343
7,761 52.8
_ 5,050 (52.8)
20,000 (18.6) (28.6)
O —
Prescription Costs® Inpatient Costs Outpatient Costs
Among Outpatient Costs HCC, $ (%) NHCC, $ (%) P Value
Outpatient office 2,655 (1.4) 1,162 (8.1)
Outpatient ED 1,787 (0.9) 498 (3.5) <0.01
Outpatient other®® 182,744 (97.7) 12,683 (88.4)

P values were calculated using Wilcoxon rank-sum tests.

bTotal costs consist of the sum of prescription, inpatient, and outpatient costs. Outpatient costs consist of the sum outpatient office, outpatient ED, and outpatient other costs.
CPrescription costs are pharmacy dispensed costs. In-hospital procedures and/or administered medications are counted in inpatient costs.

dHCC outpatient other: outpatient hospital = $88,729 (48.6%); ESRD facilities = $67,302 (36.8%); other facilities = $26,713 (14.6%).

¢NHCC outpatient other: outpatient hospital = $7,149 (56.4%); ESRD facilities = $2,629 (20.7%); other facilities = $2,905 (22.9%).

ED =emergency department; ESRD =end-stage renal disease; HCC = high-cost cohort; NHCC=non-high-cost cohort.

Within outpatient costs, other outpatient costs from outpatient
hospital and ESRD facilities comprised 47.4% and 36% of the
total outpatient burden for HCC and 49.9% and 18.3% of total
outpatient burden for NHCC, respectively. ED use was a rela-
tively low portion of the outpatient burden in both HCC and
NHCC (0.9% and 3.5%). Proportionally, after outpatient costs,
the next highest cost drivers were related to inpatient care and
services, and then prescription-related costs. All differences
were significant at P<0.01 (Figure 2).

I Discussion

To the best of our knowledge, this is the first real-world analy-
sis of commercially insured patients with MN in the United
States using administrative health insurance claims data.
Our study describes 1-year outcomes and costs in a prevalent
MN population and compares results among high-cost and
non-high-cost patient subgroups. We observed considerable

differences in clinical and health utilization outcomes between
the subgroups. Health plans that may not have considered
MN as a condition of interest or that may not have had a
claims-based perspective on the clinical and economic outcomes
associated may now investigate further based on these data.
The clinical course of MN results in high health care
resource utilization and economic burden. A higher proportion
of patients in the top fifth percentile of costs appeared to be at
more advanced stages of disease and with higher severity, with
greater rates of CKD stage 4 or 5, dialysis, or evidence of ESRD.
They also had a greater proportion of several complications
and infections including bleeding and urinary tract infection,
as well as more immunosuppressant use. Correspondingly,
increased HCRU in high-cost vs non-high-cost patients was
observed across all settings, with a much higher magnitude of
visits in the outpatient setting (4.7 more outpatient office visits)
and a smaller, yet meaningful increase in the inpatient setting
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(1.7 more inpatient admissions) corresponding with markedly
longer mean LOS (12.8 more days in hospital).

The prevalent MN cohort incurred a total cost of $123.2
million and a mean per-patient cost of $45,814 during 1 year.
The 5% of patients deemed high-cost incurred over 43.7%
of the total costs over 1 year, for a mean per-patient cost of
$401,608. However, 12.7% of patients (n =342) had 1-year costs
exceeding $100,000 (Appendix B, available in online article).
This additional granularity may be relevant in identifying
and applying plan-specific thresholds for monitoring and
intervention.

Among patients in the overall MN cohort, approximately
47% of expenditures were related to outpatient utilization,
predominantly via outpatient hospital and ESRD facility use.
The remaining 31% was attributable to inpatient utilization
and 22% to prescription use. Notably, approximately 25.7%
of HCC costs were prescription-driven. For the NHCC, cost
drivers were proportionally similar to those for the HCC.
Understanding and predicting the patient journey and key fac-
tors leading to ESRD, where high costs are incurred, is key. For
example, appropriate management with the goal of stabilizing
or improving renal function (e.g., supplementing background
therapy) may be critical to slowing or preventing progression
to end-stage disease. Hence, reallocation of resources earlier in
the disease pathway may be considered a prevention measure.
Specifically, further consideration into whether costs should be
distributed the same way among HCC and NHCC patients may
be warranted, as there may be opportunities for more appropri-
ate resource allocation through earlier intervention or different
medical management strategies.

The extent to which delays in diagnosis, timely access to
treatment, and appropriate use of treatment may have helped
offset entry into the high-cost group remains unclear. For
example, CKD screening programs for early detection and
management have been shown to be effective.’ As a chronic
disease, costs of CKD may accumulate; hence, early interven-
tion (diagnosis, different treatment, or monitoring) may be
implemented to slow disease progression, prevent loss of renal
function, and simultaneously stem overall cost of care.!*"’

We observed more ACEI/ARB use among NHCC patients,
although this was contrary to the expected finding of higher
use among HCC patients. In keeping with our findings, a recent
study by Molnar et al. (2014) highlighted that patients with a
low estimated glomerular filtration rate tended to underutilize
ACEIs/ARBs.** It is unclear whether lower use was due to
tolerability or other factors. The high prevalence of steroid use
in our study and the published evidence of the ineffectiveness
of steroid monotherapy for primary MN are also notable®-°;
however, the complexity of MN makes it difficult to form clear
conclusions when determining the most appropriate treatment.

Interestingly, compared with the NHCC, HCC patients were
on average 2 years younger, with a 28% higher prevalence of

any immunosuppressant use. This may signal younger patients
being more aggressively treated given a different disease course
or severity versus a general preference for careful monitoring—
particularly in older, more severe patients. This is consistent
with published literature in other therapeutic areas wherein
younger patients were treated with immunosuppressants.>”3%

Limitations

There are some limitations to consider for this study. The
MarketScan data population reflects a large convenience sam-
ple of administrative health insurance claims data, collected for
the purposes of reimbursement and payment. Clinical detail is
largely not captured. Claims offer a reliable closed system of
data for analysis but carry the potential for coding errors and
missing data. For instance, under-recording of certain clinical
outcomes (e.g., hematuria, CKD status) would lead to underes-
timation of their prevalence and cost. In addition, this patient
cohort may reflect disease severity specific to the MarketScan
population, and results may not be generalizable to other com-
mercial health plans in the United States. However, information
provided here will help to conduct plan-specific evaluations.

There were also coding challenges in identifying MN.
Although the Centers for Medicare & Medicaid Services
provides ICD-9-CM coding guidelines for MN, these codes
have been noted to not be adopted in practice or to provide
inadequate distinction of glomerulonephritis.**® The literature
suggests this coding lacks sufficient sensitivity and correlates
poorly with gold-standard biopsy information; further,
glomerulonephritis specificity has been removed from the
most recently updated form 2728* MN coding evaluated
within Kaiser Permanente Southern California revealed that
ICD-9-CM codes containing the description “lesion of
membranous glomerulonephritis” had sensitivity and
specificity values of 83% and 94%, respectively, in identifying
biopsy-proven MN.#* While use of MN codes in claims may
vary further, we used this exercise to inform and rationalize
the research approach used here.

We did not examine concomitant diagnoses of other forms
of glomerulonephritis, given no clear way to reconcile them.
We did attempt to address secondary causes of MN through
our exclusion criteria; however, some patients with secondary
causes (e.g., caused by nonsteroidal anti-inflammatory drugs)
may have been captured. For some comparisons, sample sizes
were low, complicating the detection of differences. However,
MN is a low-prevalence disease.

Our analysis used ICD-9-CM coding to identify MN
patients until December 2015. As of October 1, 2015, health
providers converted to International Classification of Diseases,
Tenth Revision, Clinical Modification codes, so there may have
been at least 2 months of patient data potentially missed
(although the loss is likely nominal and would minimally
affect our findings). Therefore, further investigation will be
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warranted to improve the efficiency of case identification and
characterization.

I Conclusions

Our study provides an important step in identifying and
evaluating a cohort of patients with MN and their associated
health outcomes and costs, beyond the physiological response
variables typically reported in studies to date. Active support,
adoption, and reinforcement of robust coding practices by
payers and health care providers (e.g., nephrologists) will enable
a more granular understanding of health care delivery and areas
of improvement for patients with MN. Given the importance
of histological variants on the course of disease, determining
predictors of high-cost patients will be critical in developing
actionable insights. Further study of patients with MN and
the key inflection points en route to end-stage disease is also
critically important in managing the goals of stabilizing renal
function and slowing down the progression to end-stage disease.
With such insights, appropriate reallocations of resources earlier
in the disease pathway may be considered preventive measures.
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One-Year All-Cause Health Care Utilization for MN Patients
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aP values were calculated using Wilcoxon rank-sum tests.

bOutpatient hospital use (34.7 vs. 7.1) and ESRD facility use (33.3 vs. 3.6) were the primary drivers of the difference in other outpatient visits between HCC and NHCC
patients.

ED =emergency department; ESRD = end-stage renal disease; HCC = high-cost cohort; LOS =length of stay; NHCC =non-high-cost cohort.
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One-Year All-Cause Cost Distribution of MN Patients
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MN (N=2,689) total costs=$123.2M

Mean (SD)=$45,184 ($101,353)

MN =membranous nephropathy; SD = standard deviation
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