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Background: Establishing disease-related cost and/or healthcare resource utilization
(HCRU) is an important aspect of health outcomes research, particularly when considering
the cost offset of novel treatments. However, few studies have compared methodologies used
to assess disease-related cost/HCRU.

Methods: Data from the United States IBM® MarketScan® Research Databases were used to
compare four different methods of calculating disease-related cost and HCRU in patients with
rheumatoid arthritis (RA). The analysis was repeated, in part, for patients with ulcerative colitis
(UC) to explore the generalizability of findings to a second autoimmune disease. Four methods of
disease-related cost/HCRU attribution were selected following a literature search for potential
methods: Method 1, claim-wide cost/HCRU attribution based on claim-listed diagnosis codes
and a predetermined disease-related medication list (pharmacy claims only); Method 2, line-item
cost/HCRU attribution based on procedures/medications more likely to occur in disease cases
than in matched controls at two likelihood ratio cutoffs (1.5% and 3.5%); Method 3, disease-
related cost/HCRU calculated as the difference in total average cost/HCRU between cases and
matched controls; Method 4, line-item cost/HCRU attribution based on clinician manual deter-
mination of procedures/medications related to the disease.

Results and conclusion: Overall, 24,373 patients with RA and 9665 with UC were
included. Average total cost during 2015 was $US28,750 per patient with RA and
$US20,480 per patient with UC. Disease-related cost and HCRU for RA calculated using
Method 4 were most closely approximated by Methods 1 and 2 (3.5%), with Method 2 (3.5%)
the closest approximation. However, in certain research scenarios, the simplest method
compared in this analysis, Method 1, may provide an adequate approximation of disease-
related cost and HCRU. Although Method 4 was not executed in the UC analysis because of
its labor-intensive nature, similar patterns of disease-related cost and HCRU were observed
for Methods 1-3 in patients with UC and RA.

Keywords: health outcomes research, methods, disease-related cost, administrative claims
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Plain Language Summary
When conducting research with data from administrative insurance claims, it can be difficult to
connect single line-item costs with specific diagnoses. A single outpatient insurance claim often

includes multiple diagnosis codes but does not match individual costs with specific diagnoses.
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We descriptively compared four different methods of calcu-
lating disease-related cost and healthcare resource utilization
(HCRU) with data from administrative insurance claims using a
sample of patients with rheumatoid arthritis, including patient
subgroups most likely to have higher or lower disease-related
costtHCRU. We repeated part of the descriptive comparison
using a sample of patients with ulcerative colitis from the same
databases to explore whether our initial results could be applied
to a second autoimmune disease.

We found that when disease-related costtHCRU was attrib-
uted based on procedures and/or medications people with the
disease were more likely to undergo and/or receive than similar
people without the disease, the results most closely resembled
those from our internal standard method (manual attribution of
individual disease-related cost/HCRU based on clinician experi-
ence). The simplest method we examined was claim-wide attri-
bution of cost/HCRU based on claim-reported diagnosis codes
and a predetermined medication list. We found that this method
may also adequately approximate disease-related costtHCRU in
some research scenarios.

Introduction

Determining disease-related cost is often an important aspect
of health outcomes research, particularly when attempting to
estimate the cost offset of a new therapy. Although total cost
analyses have been used for this purpose, factors such as
comorbidities can have a significant effect on cost and may
complicate the accurate assessment of the economic burden
of a disease.' Given that administrative insurance claims are
generated at every interaction an individual has with the
healthcare system, large closed administrative insurance
claims databases, such as IBM® MarketScan® Research
Databases, provide a good source of information for the
investigation of scenarios, including healthcare delivery, ben-
efits, harms and cost, for large populations.** However,
although claims data are frequently used for research, such
usage was not their original intended purpose:> The purpose
of administrative claims is billing and reimbursement of
medical care. Therefore, complexities exist when using diag-
nosis codes to attribute cost to a disease. This is particularly
true when attempting to attribute cost for complex diseases
with multiple treatment options, some of which may be
indicated for more than one disease, and an array of comor-
bidities. Notably, autoimmune diseases are inherently com-
plex, partly because of their heterogeneity in terms of
pathophysiology and response to therapy, and because of
the common pathogenic mechanisms, cytokine pathways,
and systemic inflammatory cascades shared by apparently

disparate conditions.®

At present, disease-related cost analyses based on
administrative claims databases usually rely on the diag-
nosis codes included on the claims, a simple but flawed
approach that can complicate the process of disease-cost
attribution.” When multiple diagnoses are included on a
single claim, this approach generally results in all costs on
the claim being attributed to the disease of interest regard-
less of whether or not individual line-item costs are related
to that diagnosis code. Primary diagnosis codes can be
helpful in this process, but the allocation of a primary
diagnosis field or diagnosis-related group (DRG) code to
the claim varies according to where the claim originated
(eg, inpatient versus outpatient). For claims associated
with inpatient treatment, administrative claims database
allocation of a primary diagnosis field or DRG code to
the patient can result in the clear attribution of claim cost
to a disease. However, outpatient claims can list many
diagnoses for a single procedure without identifying a
primary diagnosis to which costs should be attributed.
Furthermore, some healthcare professionals believe that
inpatient diagnosis codes may be more reliable than diag-
nosis codes used in the outpatient setting.® When multiple
diagnosis codes but no primary diagnosis is listed on a
single claim, line-item costs may be allocated incorrectly
to a single diagnosis code. Therefore, with whole-claim
cost attribution, cost on an outpatient claim may be attrib-
uted to a disease of interest if a diagnosis code for that
disease exists on the claim regardless of whether the
procedure cost was actually related to that disease. This
can result in the potential for overestimation of the total
cost attributed to a single disease of interest. For example,
using this whole-claim cost attribution method based on
claim-listed diagnosis codes (tested in this analysis as
Method 1), a patient with chronic psoriasis who presents
for an outpatient appointment associated with a broken
arm would have the cost of the appointment attributed to
psoriasis if the treating doctor notes the psoriasis diagnosis
on the claim. Moreover, cost attribution is further compli-
cated for pharmacy claims, which have no associated
diagnoses at all, and where a single drug may have multi-
ple indications, requiring researchers to a priori use med-
ical judgement to compile a list of medications for which
the cost should be attributed to a disease.

Several studies have attempted to examine disease-
related costs. For example, Birnbaum and colleagues’
and Kappelman and colleagues'® determined the percen-
tage of cost attributed to a disease by matching a cohort of
patients with a disease with a cohort of healthy controls
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and subtracting the cost attributed to the control cohort
from the cost of the disease cohort (an approach tested in
this analysis as Method 3). Moreover, Kowal and
colleagues'' utilized clinician expert opinion on disease-
related procedures and medications to generate procedure
and medication lists to more accurately determine disease-
related cost (our internal standard approach tested in this
analysis as Method 4). In addition, Kan and colleagues'?
examined healthcare resource utilization (HCRU) and cost
attributable to the autoimmune disease systemic lupus
erythematosus (SLE) in a Medicaid population in the
United States (US) using multivariate regressions to esti-
mate incremental HCRU and cost. This study compared
patients with SLE with adult patients in the database with-
out a diagnosis of SLE and concluded that HCRU and cost
were significantly higher in patients with SLE, with the
highest cost observed for patients who experienced severe
flares.'? However, few studies have attempted to validate
the methodology underlying the assessment of disease-
related cost in administrative claims databases, and no
direct comparison of methods has yet been published.

The primary objective of this analysis was to use admin-
istrative claims data from the MarketScan Databases for
patients with the autoimmune disease rheumatoid arthritis
(RA) to descriptively compare four different methods of
calculating disease-related cost and disease-related HCRU
(including an internal standard clinician review method).
We then sought to explore the general applicability of
these findings in RA to another autoimmune disease by
applying three of these methods (excluding the labor-inten-
sive line-item cost attribution based on clinician manual
determination of procedures/medications related to the dis-
ease method) to a sample of patients with ulcerative colitis
(UC) derived from the same databases.

Methods

Sample Selection

The IBM MarketScan Commercial Database and the IBM
MarketScan Medicare Supplemental Database are longitudinal
insurance claims databases that provide access to patient-level
data relating to healthcare utilization, expenditure, and enroll-
ment across inpatient, outpatient, prescription drug, and dis-
ease-specific services from approximately 45 large employers,
health plans, and government and public organizations in the
US. To assess 1-year costs and negate the possibility of seaso-
nal bias, we included all patients within the databases with
continuous enrollment in both medical and prescription

benefits from 1 January 2015 to 31 December 2015 (the most
recent year for which complete data were available at the time
of this analysis).

Eligibility Criteria
Eligible patients were aged >18 years on 1 January 2015,
with at least two diagnosis codes for the disease of interest
(RA or UC). At least one diagnosis code pre-2015 and one
diagnosis code during 2015 were required to ensure pre-
valent RA or UC on | January 2015. Details of relevant
diagnosis codes are provided in the online supplemental
appendix. Patients were excluded from the study if they
had specific cancer or autoimmune disease diagnosis codes
(as detailed in the online supplemental appendix).
Controls met the same criteria as the disease cases but
without a diagnosis of the respective disease of interest.
Controls were exact matched 3:1 to disease cases accord-
ing to age, sex, region, and insurance type (Medicare-
supplemental or commercial), with individuals excluded
if any one of these data points was missing.

Disease-Related Procedure/Medication

List Generation For Method 2

In preparation for the Method 2 cost and HCRU analyses,
which required procedure/medication lists for cost attribu-
tion, two 33% random samples of patients with each
autoimmune disease, and their matched controls, were
selected. Details of all procedures and medications
received in 2015 by the cases and their matched controls
were compiled. These procedure and medication lists were
truncated at 1% of cases. For each autoimmune disease,
using the generated procedure and medication list from the
first 33% sample, likelihood ratios were generated to com-
pare the proportion of cases receiving procedures and
medications compared with their exact matched controls.
Procedures and medications that were 1.5% or 3.5% more
frequent in the cases than in the controls were compiled
for subsequent analyses, with two lists generated, one for
each of the two different cutoffs.

Subsequently, the cases and matched controls from the
second 33% samples for each disease were used to repli-
cate the generation of likelihood ratios for procedures and
medications to test the replicability of the final procedure/
medication lists in a different sample of patients with a
diagnosis of the same autoimmune disease. No notable
differences were observed. As specified in the study pro-
tocol, the lists generated from the first 33% RA and UC
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samples were used for subsequent Method 2 cost and
HCRU analyses.

Disease-Related Procedure/Medication
List Generation For Method 4

An RA specialist clinician reviewed the procedure and
medication list compiled for the first 33% sample of
patients with RA (described above; cutoff defined as pro-
cedures undergone and medications received by >1% of
the sample). Procedures and medications likely to be
related to RA care were manually flagged for subsequent
analysis in Method 4.

Disease-Related Cost And Healthcare

Resource Utilization Calculations

Using the final 33% sample of patients with RA, four
methods of calculating the disease-related cost and
HCRU for the calendar year 1 January to 31 December
2015 were descriptively compared to determine the per-
centage of total cost and HCRU attributable to RA using
each method. Once these methods had been applied in RA,
they were then applied to the final 33% sample of patients
with UC to explore the generalizability of the findings
from RA to another autoimmune disease. Given the time-
consuming nature of the internal standard method, this was
tested only in patients with RA. The four methods used
were as follows:

Method | (Claim-Wide Cost And HCRU Attribution
Based On Claim-Listed Diagnosis Codes And A
Predetermined Disease-Related Medication List
[Pharmacy Claims Only])

e Cost: Disease-related inpatient cost was attributed
using the primary diagnosis field (eg, if RA was the
primary diagnosis on an inpatient claim, all cost for
that claim was attributed to RA). Outpatient cost was
included if a diagnosis code for the disease of interest
was listed on the claim (no primary diagnosis on
outpatient claims). Pharmacy cost was included
using a predetermined drug list (clinician-generated
from clinical knowledge without access to raw
patient data/drug lists; no diagnosis on pharmacy
claims).

e HCRU: Disease-related inpatient visits were attribu-
ted using the primary diagnosis field. Outpatient and
emergency room (ER) visits were included if the
disease of interest was on the claim. Pharmacy claims
were included using a predetermined drug list.

Method 2 (Line-ltem Cost And HCRU Attribution
Based On Procedures/Medications More Likely To
Occur In Cases Than In Matched Controls At Two
Likelihood Ratio Cutoffs [1.5% and 3.5x])

e Cost: Disease-related inpatient cost was attributed
using the primary diagnosis field as in Method 1.
Using the likelihood ratios generated as described
above, outpatient/pharmacy cost was included for pro-
cedures/medications occurring in a higher proportion
(1.5x and 3.5x) of cases versus matched controls.

e HCRU: Disease-related inpatient visits were attrib-
uted using the primary diagnosis field as in Method
1. Using the likelihood
described above, we included outpatient and ER

ratios generated as
visits containing one or more procedure and phar-
macy claims for medications occurring in a higher
proportion (1.5x and 3.5%) of cases versus matched
controls.

Method 3 (Disease-Related Cost And HCRU
Calculated As The Difference In Total Average Cost
Between Cases And Their Matched Controls)
e Cost: Total average cost of cases — total average cost
of matched controls.
e HCRU: Total average HCRU by cases — total average
HCRU by matched controls.

Method 4 (Line-Item Cost And HCRU Attribution Based
On Clinician Manual Determination Of Procedures/
Medications Related To The Disease; RA Only)

e This method served as an internal standard and uti-
lized a separate standalone clinician review of proce-
dure and medication codes received by cases with
RA as described above.

e Cost: As in Methods 1 and 2, disease-related inpati-
ent cost was attributed using the primary diagnosis
field. Cost attributed to outpatient and pharmacy
claims flagged as related to RA in clinician review
was also included.

e HCRU: As in Methods 1 and 2, disease-related
inpatient visits were attributed using the primary
diagnosis field. Outpatient and ER visits containing
one or more procedure code and pharmacy claims
determined to be related to RA in clinician review,
respectively, were also included.

Exploratory Subgroup Analyses
Disease-related cost and HCRU subgroup analyses were
performed to ensure the findings from the methods tested
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were generalizable across different types of patients,
including groups most likely to be associated with high
or low cost. The final 33% samples of patients with RA
and UC used for the cost and HCRU analyses described
above were stratified based on patients hypothesized to
incur a higher or lower level of disease-related cost or
HCRU.

Subgroups examined included patients who were
receiving biologic/advanced therapy (yes/no) and patients
who had visited the ER (yes/no) between 1 January and 31
December 2015.

Ethical Conduct

This investigation was conducted in accordance with the ethi-
cal principles that have their origin in the Declaration of
Helsinki, together with applicable laws and regulations of the
country in which the analysis was conducted. This secondary
database analysis was conducted using the IBM MarketScan
Research Databases. The MarketScan Databases are fully
Health Insurance Portability and
Accountability Act and meet the criteria for a limited-use

compliant with the

dataset. Since the patient and provider data included in this
analysis were fully de-identified, this study was exempt from
Ethical Review Board review.

Results

Patient Samples

A total of 73,364 patients with RA and 29,072 patients with
UC were eligible for the study. Therefore, 24,373 patients with
RA and 9665 patients with UC were included in each of the
33% RA and UC samples, respectively (Figure 1). Exact-
matched control samples (3:1) contained a total of 73,119
and 28,995 individuals for the 33% RA and UC samples,
respectively. Overall, 245 patients with RA and 77 patients
with UC could not be exact matched to controls; these patients
were excluded from the study. Case samples from patients
with RA or UC and control samples for both diseases were
well matched (Table 1A and B). Within all three 33% RA
samples and their matched controls, the mean age was around
58 years, and over three-quarters of individuals included were
female. For the three 33% UC samples and their matched
controls, patients had a mean age of around 50 years, and
males and females were more equally represented.

Assessment Of Disease-Related Cost
As described in the methods section, the first two 33% RA
samples and the first two 33% UC samples were used to

generate and replicate procedure/medication lists for use in
Methods 2 and 4. Within RA, the top 10 medications in
terms of likelihood ratios were all disease-modifying anti-
rheumatic drugs (DMARDs). The medication used with
the highest frequency was methotrexate sodium (39.4% of
patients with RA, with a likelihood ratio of 319.7x). The
procedure codes with the highest likelihood ratios were
specialty drugs, chemotherapy injections, immunology
tests, and performance tracking. Within UC, the top 10
medications in terms of likelihood ratios included several
S-aminosalicylic acid (5-ASA) medications, with 56.8% of
UC cases recording a claim for mesalamine (likelihood
ratio for mesalamine = 433.5%). Procedure codes with the
highest likelihood ratios included specialty drugs, che-
motherapy injections, other minor digestive procedures,
medical supplies and devices, and chemistry/immunol-
ogy/microbiology tests.

Subsequently, total cost and the percentage disease-
related cost by attribution method were assessed in the
final 33% RA sample, with generalizability of the findings
to another autoimmune disease assessed using the final
33% UC sample.

The average total cost during the 2015 calendar year
was found to be $US28,750 per patient with RA and
$US20,480 per patient with UC. When costs related to
either RA or UC were considered as a percentage of
total cost, differences were observed across the analysis
methods, with Method 3 (difference in total average cost
[case — control]) potentially overestimating disease-related
cost for both diseases (Figure 2).

Of note, the rank order of percentage disease-related
cost from highest to lowest using Methods 1, 2 (1.5%), 2
(3.5%), and 3 was similar when comparing the RA and UC
samples. Method 3, which calculated disease-related cost as
the difference in total average cost between patients with
the disease and matched healthy controls, resulted in the
highest percentage disease-related cost. The next highest
percentage disease-related cost resulted from line-item cost
attribution based on procedures/medications 1.5 more
likely to occur in patients with RA than in matched controls
(Method 2 [1.5%]) and from claim-wide cost attribution
based on claim-listed diagnosis codes and a predetermined
disease-related medication list (Method 1). The lowest per-
centage disease-related cost was found with line-item cost
attribution based on procedures/medications 3.5 more
likely to occur in a patient with RA than in a matched
control patient (Method 2 [3.5%]).
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>1 RA diagnosis in 2015
AND >1 RA diagnosis
pre-2015 = 111,137

18+ on Jan 1 2015
= 105,298

Continuous enrollment
in 2015 = 93,601

No HIV or cancer
in 2015 = 80,218

No “other” Al diagnosis codes
in 2015 = 73,364

RA 33%
sample 2
N =24,373

RA 33%
sample 3
N = 24,373

RA 33%
sample 1
N = 24,373

>1 UC diagnosis in 2015
AND >1 UC diagnosis
pre-2015 = 47,611

18+ on Jan 1 2015
=44,316

Continuous enrollment
in 2015 = 40,026

No HIV or cancer
in 2015 = 34,393

No “other” Al diagnosis codes
in 2015 = 29,072

UC 33% UC 33% UC 33%

sample 1
N = 9665

sample 2
N = 9665

sample 3
N = 9665

Matched Matched Matched Matched Matched Matched
controls controls controls controls controls controls
N=73,119 N =73,119 N=73,119 N = 28,995 N = 28,995 N = 28,995
Figure | Rheumatoid arthritis and ulcerative colitis patient attrition in samples derived from the US MarketScan® Databases. A total of 111,137 patients with RA and 47,61 |

patients with UC had the two diagnosis codes required for this study. Application of other eligibility criteria reduced this to 73,364 patients with RA, to give three 33%
samples of 24,373 patients with RA each, and 29,072 patients with UC, to give three 33% samples of 9665 patients with UC each. Controls were exact matched 3:| to cases
according to age, sex, region, and insurance type (Medicare-supplemental or commercial). Those eligible patients who could not be exact matched to controls (245 patients

with RA and 77 patients with UC) were excluded from the study.

Abbreviations: Al, autoimmune; HIV, human immunodeficiency virus; RA, rheumatoid arthritis; UC, ulcerative colitis.

Across analysis methods, both overall disease-related
cost and disease-related cost component attribution results
(ie, for ER, inpatient, outpatient-Healthcare Common
Procedure Coding System [HCPCS], outpatient-other [ie,
anything not HCPCS], pharmacy) differed. For example,
Method 3 resulted in a much higher disease-related inpa-
tient cost than did the other methods in both the RA and
the UC samples (Figure 3A and B). Furthermore, in both
the RA and the UC samples, Methods 1 and 2 (3.5%)
resulted in a very low disease-related ER cost compared
with Methods 2 (1.5%) and 3.

Disecase-related cost for RA calculated using Method 4
(our internal standard) was found to be most closely
approximated, in terms of overall disease-related cost and
cost component attribution, by Methods 1 and 2 (3.5%),
with Method 2 (3.5x) resulting in the closest approximation.

Assessment Of Disease-Related

Healthcare Resource Utilization

As described in the methods section, disease-related
HCRU was also assessed in the final 33% RA sample,
with  generalizability of the

findings to another
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Table | Patient Demographics And Baseline Characteristics In The Three (A) Rheumatoid Arthritis Samples And (B) Ulcerative
Colitis Samples And Their Matched Controls

A)
33% Sample 1? 33% Sample 2° 33% Sample 37
RA Cases Controls RA Cases Controls RA Cases Controls
Number of patients, N 24,373 73,119 24,373 73,119 24,373 73,119
Age, mean (SD) 58.3 (13.2) 58.3 (13.2) 58.3 (13.2) 583 (13.2) 58.2 (13.2) 58.2 (13.2)
Sex
Male 5300 (21.7) 15,900 (21.7) 5139 (21.1) 15,417 (21.1) 5120 (21.0) 15,360 (21.0)
Female 19,073 (78.3) 57,219 (78.3) 19,234 (78.9) 57,702 (78.9) 19,253 (79.0) 57,759 (79.0)
Insurance type
Commercial 17,710 (72.7) 53,130 (72.7) 17,663 (72.5) 52,989 (72.5) 17,755 (72.8) 53,265 (72.8)
Medicare-supplemental 6663 (27.3) 19,989 (27.3) 6710 (27.5) 20,130 (27.5) 6618 (27.2) 19,854 (27.2)
Region
Northeast 4545 (18.6) 13,635 (18.6) 4513 (18.5) 13,539 (18.5) 4569 (18.7) 13,707 (18.7)
North Central 6191 (25.4) 18,573 (25.4) 6182 (25.4) 18,546 (25.4) 6152 (25.2) 18,456 (25.2)
South 10,323 (42.4) 30,969 (42.4) 10,349 (42.5) 31,047 (42.5) 10,345 (42.4) 31,035 (42.4)
West 3259 (13.4) 9777 (13.4) 3286 (13.5) 9858 (13.5) 3275 (13.4) 9825 (13.4)
Unknown 55 (0.2) 165 (0.2) 43 (0.2) 129 (0.2) 32 (0.1) 96 (0.1)
(B)
33% Sample 1? 33% Sample 2* 33% Sample 3%
UC Cases Controls UC Cases Controls UC Cases Controls
Number of patients, N 9665 28,995 9665 28,995 9665 28,995
Age, mean (SD) 49.6 (15.1) 49.6 (15.1) 49.6 (15.3) 49.6 (15.3) 49.5 (15.2) 58.2 (15.2)
Sex
Male 4585 (47.4) 13,755 (47.4) 4711 (48.7) 14,133 (48.7) 4644 (48.0) 13,932 (48.0)
Female 5080 (52.6) 15,240 (52.6) 4954 (51.3) 14,862 (51.3) 5021 (52.0) 15,063 (52.0)
Insurance type
Commercial 8340 (86.3) 25,020 (86.3) 8285 (85.7) 24,855 (85.7) 8318 (86.1) 24,954 (86.1)
Medicare-supplemental 1325 (13.7) 3975 (13.7) 1380 (14.3) 4140 (14.3) 1347 (13.9) 4041 (13.9)
Region
Northeast 2243 (23.2) 6729 (23.2) 2248 (23.3) 6744 (23.3) 2229 (23.1) 6687 (23.1)
North Central 2340 (24.2) 7020 (24.2) 2380 (24.6) 7140 (24.6) 2368 (24.5) 7104 (24.5)
South 3619 (37.4) 10,857 (37.4) 3593 (37.2) 10,779 (37.2) 3603 (37.3) 10,809 (37.3)
West 1451 (15.0) 4353 (15.0) 1434 (14.8) 4302 (14.8) 1453 (15.0) 4359 (15.0)
Unknown 12 (0.1) 36 (0.1) 10 (0.1) 30 (0.1 12 (0.1) 36 (0.1)

Notes: Data are presented as n (%) unless otherwise indicated. *Samples | and 2 were used for procedure/medication list generation, and sample 3 was used to execute the

cost/HCRU analyses.

Abbreviations: HCRU, healthcare resource utilization; RA, rheumatoid arthritis; SD, standard deviation, UC, ulcerative colitis

autoimmune disease assessed in the final 33% UC sample.

Differences

across the analysis methods. As with the disease-related

in disease-related HCRU were observed

cost analysis above, the rank order of disease-related

HCRU components (inpatient, outpatient, and ER visits,

and pharmacy claims) from highest to lowest mean
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20—

Patients with RA Patients with UC

W Method 1 Method 2 (1.5x) W Method 2 (3.5x) Method 3 Method 42

Figure 2 Percentage of total healthcare cost attributed to disease (ie, percentage
disease-related cost) for patients with rheumatoid arthritis or ulcerative colitis
according to analysis method. *Method 4 not executed in the UC sample. The
different methods used to assess healthcare cost attributed to disease for patients
with RA and UC were as follows: Method |, claim-wide cost attribution based on
claim-listed diagnosis codes and a predetermined disease-related medication list
(pharmacy claims only); Method 2, line-item cost attribution based on procedures/
medications more likely to occur in cases than in matched controls at two like-
lihood ratio cutoffs (1.5% and 3.5%); Method 3, disease-related cost calculated as
the difference in total average cost between cases and their matched controls;
Method 4, line-item cost attribution based on clinician manual determination of
procedures/medications related to the disease; this method served as an internal
standard method and was applied only in patients with RA.

Abbreviations: RA, rheumatoid arthritis; UC, ulcerative colitis.

number per patient using Methods 1, 2 (1.5x), and 2 (3.5x)
was similar across the RA and UC disease samples
(Figure 4A and B). Pharmacy claims represented the great-
est area of disease-related HCRU for patients with both
RA and UC regardless of the method used. Outpatient
visits represented the second greatest area of disease-
related HCRU when measured using Methods 1, 2 (1.5x)
and 2 (3.5x) in both disease samples, although ER visits
represented the second greatest area of HCRU when using
Method 3. The lowest area of disease-related HCRU for
patients with either RA or UC was represented by inpati-
ent visits, regardless of the method applied.

As with the assessment of cost, differences in com-
ponents of disease-related HCRU were observed across
the methods employed and reflected in both disease
samples (Figure 4A and B). Method 2 (1.5x) resulted
in higher mean numbers of pharmacy claims and out-
patient visits per patient than all other methods across
both the RA and the UC samples. Furthermore, Method
1 showed the lowest mean number of pharmacy claims
per patient compared with all other methods across
both disease samples. Method 3 was associated with a
higher mean number of ER visits per patient and a

markedly lower mean number of outpatient visits per

patient than all other methods across both the RA and
the UC samples.

Disease-related HCRU calculated using Method 4 (our
internal standard) in the RA sample was found to be most
closely approximated, in terms of all components, by
Methods 1 and 2 (3.5%); although the mean number of out-
patient visits per patient was lower with Method 2 (3.5x%), and
the mean number of both outpatient visits and pharmacy
claims per patient was lower with Method 1.

Exploratory Subgroup Analyses

As an exploratory analysis, subgroups of patients with RA
and UC expected to have higher or lower disease-related
cost and HCRU were compiled. Of all the methods exam-
ined in the sample of patients with RA, Method 2 (3.5%)
resulted in the closest approximation of overall disease-
related cost to Method 4 (our internal standard) across all
high/low-cost subgroups in RA. Interestingly, Method 3
resulted in the highest total disease-related cost across all
subgroups in both disease samples. In the UC sample,
patients with an ER visit also appeared to incur higher
costs across all methods than those with no ER wvisit;
however, these results were not consistent with findings
from the RA sample, where the effect of an ER visit on
disease-related cost compared with entire sample results
varied by method used (Figure 5A and B).

When HCRU was considered by component according
to the subgroups of patients considered most likely to be
associated with high or low HCRU, the findings broadly
aligned with the disease-related cost subgroup analysis
results. As anticipated, patients across both the RA and
the UC samples who were receiving either biologic or
advanced therapy or who had ER visits demonstrated a
higher level of HCRU (particularly in terms of the main
HCRU components, outpatient visits and pharmacy
claims) than patients who were not receiving such therapy
or did not have ER visits, respectively (except when the
impact of ER visits was assessed using Method 1 in the
RA sample). As observed in the entire RA and UC patient
samples, Method 3 resulted in much higher levels of dis-
ease-related HCRU associated with ER visits in both dis-
ease samples than any other method in all subgroups.
Method 2 (1.5%x) overestimated
HCRU for every subgroup in the RA sample when com-
pared with Method 4 (our internal standard), Method 2
(3.5x%) once again resulted in the most comparable HCRU

Furthermore, while

component estimates to Method 4 across all subgroups
(Figure 6A and B).

submit your manuscript

720

Dove

ClinicoEconomics and Outcomes Research 2019:1 1


http://www.dovepress.com
http://www.dovepress.com

Dovepress Schroeder et al

A)

Method 2
(3.5%)

Method 1 Method 2

$12,692

14,930
. $16,114

Method 3 Method 4

$11,221

B)

Method 2
(3.5%)

Method 2
(1.5%)

Method 1

HER

M Inpatient
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! Outpatient — other

Method 3
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Figure 3 Total healthcare cost by attribution method and cost component per patient for patients with (A) rheumatoid arthritis and (B) ulcerative colitis. The different
methods used to assess healthcare cost attributed to disease for patients with RA and UC were as follows: Method |, claim-wide cost attribution based on claim-listed
diagnosis codes and a predetermined disease-related medication list (pharmacy claims only); Method 2, line-item cost attribution based on procedures/medications more
likely to occur in cases than in matched controls at two likelihood ratio cutoffs (1.5% and 3.5x); Method 3, disease-related cost calculated as the difference in total average
cost between cases and their matched controls; Method 4, line-item cost attribution based on clinician manual determination of procedures/medications related to the
disease; this method served as an internal standard method and was applied only in patients with RA.

Abbreviations: ER, emergency room; HCPCS, Healthcare Common Procedure Coding System; RA, rheumatoid arthritis; UC, ulcerative colitis.
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Figure 4 Disease-related healthcare resource utilization by attribution method and component for patients with (A) rheumatoid arthritis and (B) ulcerative colitis. The different
methods used to assess healthcare resource utilization attributed to disease for patients with RA and UC were as follows: Method |, claim-wide HCRU attribution based on claim-listed
diagnosis codes and a predetermined disease-related medication list (pharmacy claims only); Method 2, line-item HCRU attribution based on procedures/medications more likely to
occur in disease cases than in matched controls at two likelihood ratio cutoffs (1.5% and 3.5x); Method 3, disease-related HCRU calculated as the difference in total average HCRU
between disease cases and their matched controls; Method 4, line-item HCRU attribution based on clinician manual determination of procedures/medications related to the disease;
this method served as an internal standard method and was applied only in patients with RA. All data shown as mean values, with error bars representing standard deviation of the mean.

Abbreviations: ER, emergency room; HCRU, healthcare resource utilization; RA, rheumatoid arthritis; SD, standard deviation, UC, ulcerative colitis.
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Figure 5 Disease-related cost per patient by attribution method across subgroups of patients with (A) rheumatoid arthritis, and (B) ulcerative colitis. The different
methods used to assess healthcare cost attributed to disease for patients with RA and UC were as follows: Method |, claim-wide cost attribution based on claim-
listed diagnosis codes and a predetermined disease-related medication list (pharmacy claims only); Method 2, line-item cost attribution based on procedures/
medications more likely to occur in disease cases than in matched controls at two likelihood ratio cutoffs (1.5% and 3.5%); Method 3, disease-related cost calculated
as the difference in total average cost between disease cases and their matched controls; Method 4, line-item cost attribution based on clinician manual determination
of procedures/medications related to the disease; this method served as an internal standard method and was applied only in patients with RA. Patient subgroups
were those who received biologic therapy or had advanced disease versus those without biologic therapy or advanced disease, and those with an ER visit versus those
who did not visit the ER.

Abbreviations: ER, emergency room; RA, rheumatoid arthritis; UC, ulcerative colitis.
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Figure 6 Disease-related healthcare resource utilization by attribution method and component across subgroups of patients with (A) rheumatoid arthritis and (B)
ulcerative colitis. The different methods used to assess healthcare resource utilization attributed to disease for patients with RA and UC were as follows: Method |, claim-
wide HCRU attribution based on claim-listed diagnosis codes and a predetermined disease-related medication list (pharmacy claims only); Method 2, line-item HCRU
attribution based on procedures/medications more likely to occur in disease cases than in matched controls at two likelihood ratio cutoffs (1.5 and 3.5x); Method 3,
disease-related HCRU calculated as the difference in total average HCRU between disease cases and their matched controls; Method 4, line-item HCRU attribution based on
clinician manual determination of procedures/medications related to the disease; this method served as an internal standard method and was applied only in patients with
RA. Patient subgroups were those who received biologic therapy or had advanced disease versus those without biologic therapy or advanced disease, and those with an ER
visit versus those who did not visit the ER. Values are shown as mean *
Abbreviations: ER, emergency room; HCRU, healthcare resource utilization; RA, rheumatoid arthritis; SD, standard deviation; UC, ulcerative colitis.

standard deviation.
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Discussion

The findings from these analyses demonstrate that, when
RA-related cost and HCRU were calculated with line-item
attribution based on procedures/medications 3.5x more
likely to occur in patients with RA than in matched con-
trols (Method 2 [3.5x]), the results were most similar to
those found using line-item cost or HCRU attribution
based on clinician manual determination of procedures/
medications related to the disease (our internal standard,
Method 4) in terms of overall percentage of disease-related
cost and breakdown of disease-related cost and HCRU
components. However, it should be noted that when the
method utilizing claim-wide cost and HCRU attribution
based on claim-list diagnosis codes and a predetermined
disease-related medication list (Method 1) was used, RA-
related cost and HCRU estimates were also similar to
those from Method 4. However, when disease-related
cost and HCRU were calculated with line-item attribution
based on procedures/medications 1.5 more likely to occur
in case patients than in matched controls (Method 2
[1.5%]), both cost and HCRU were overestimated for
both diseases relative to the other methods (with the
exception of cost estimates made using Method 3 for RA
and Methods 3 and 2 [3.5x%] for UC), perhaps because this
lower threshold allowed the inclusion of procedures/med-
ications that were not actually disease specific. Moreover,
examination of the differences in total average cost and
HCRU between patients with the disease and healthy con-
trols (Method 3) was also found to consistently overesti-
mate both cost and, in most instances, HCRU for both
diseases when compared with the other methods used, a
finding that may be attributed to the inclusion of cost and
HCRU relating to comorbidities being over-represented in
the disease sample. Thus, Method 3 might provide a useful
means of assessing the cost of disease and associated
comorbidities in certain research scenarios.

These results were mirrored among RA patient sub-
groups in which disease-related cost and HCRU would be
expected to be highest, with line-item cost and HCRU
attribution based on procedures/medications 3.5x more
likely to occur in patients with RA than in matched con-
trols (Method 2 [3.5%]) found to be most similar to line-
item cost and HCRU attribution based on clinician manual
determination of procedures/medications related to the
disease (Method 4, our internal standard). Although
Method 4 was not executed in the UC sample because it
was too labor intensive, similar patterns of disease-related

cost and HCRU were observed for the other three methods
assessed in patients with UC as in those with RA. This was
true for both the overall UC sample and the patient sub-
groups in whom disease-related cost and HCRU would be
expected to be highest. Costs were considerably higher in
patients with RA or UC requiring biologic or advanced
therapy, an observation that aligns with the assumption
that such individuals may have more severe disease.

Relatively few studies have examined the methods
used to assess cost and HCRU among patients. Those
that have attempted to estimate disease-related cost have
followed a similar approach to this study, by comparing
costs in patients with a disease with those in control
patients without the disease.”'®'? Other studies, such as
that by Wimo and colleagues'? to examine the relationship
between cost, HCRU, and disease severity in individuals
with Alzheimer’s disease, have applied unit costs to
HCRU in an attempt to generate an estimate of healthcare
and social care costs.

Strengths of this study include the large sample sizes
and head-to-head comparison of methods in samples of
patients with the same disease. In an attempt to limit bias
and confounding, this analysis was designed to draw three
33% samples for each autoimmune disease from the data-
bases, two of which were used to generate and validate
procedure/medication lists, and one of which was used for
the assessment of disease-related cost and HCRU. All cost
and HCRU calculation method comparisons were under-
taken within the same final 33% samples from the data-
bases for each autoimmune disease of interest.
Furthermore, the assessment of two autoimmune diseases
provides some verification of the applicability and utility
of the methods employed and ensures that the conclusions
drawn from each method are not disease specific.

Limitations of this study include the small number of
diseases in which it has been practical to test the metho-
dology thus far and the retrospective nature of the data
analyzed. Moreover, it was not possible to fully ascertain
disease severity from the data provided within the data-
bases, a factor that would assist with the identification of
patients most likely to incur higher disease cost and
HCRU. However, the exploratory subgroup analysis of
patients receiving biologic or advanced treatment would
be expected to target patients with more severe disease.
Furthermore, the potential for selection bias existed
because of the multiple codes required for confirmation
of a diagnosis of RA or UC and the exclusion of comorbid
autoimmune and other specified diseases. However, such
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an approach was necessary to increase sample specificity
for the purpose of methods testing and to limit the poten-
tial influence of cost due to related or highly costly dis-
eases on some methods (such as Methods 1 and 3).
Although line-item attribution of cost and HCRU based
on procedures/medications 3.5x more likely to occur in
cases than in matched controls (Method 2 [3.5%]) could be
expected to provide a good estimate of cost in such
patients, it is unlikely that a concomitant treatment for
cancer would generate a likelihood ratio above 3.5x,
with the exception of immunosuppressive therapies used
in both cancer and RA/UC. The internal standard method
employed in this study was based on expert review of
claim codes as opposed to chart reviews, with the expert
having access only to the codes for procedures and med-
ications received by patients with RA. The expert then had
to determine which procedures and medications were
likely to have been due to RA treatment, which may
have resulted in the incorrect attribution of some codes.
Moreover, uncertainty surrounds the generalizability of
our findings to other disease settings and administrative
claims data sources.

Conclusion

The findings from these analyses indicate that disease-
related line-item cost and HCRU attribution based on
procedures/medications 3.5% more likely to occur in
patients with RA or UC than in matched controls
(Method 2 [3.5x]) is a good method of calculating dis-
ease-related cost and HCRU using data from administra-
tive claims databases. This observation remains true even
in patients for whom disease-related cost and HCRU
would be expected to be highest. In patients with RA
included in this study, using a 3.5% likelihood ratio cutoff
with line-item cost and HCRU attribution based on proce-
dures/medications more likely to occur in cases than in
matched controls (Method 2 [3.5%]) produced an accurate
estimation of actual cost and HCRU due to a specific
disease state without the intensive labor required to under-
take line-item cost attribution based on clinician manual
determination of procedures/medications related to the
disease (Method 4). Moreover, the generalizability of
these findings to another autoimmune disease was demon-
strated when the method was applied to the UC sample.
However, this methodology should be further tested and
validated in other disease settings/datasets to confirm the
findings of the current analyses and to ensure the suitabil-
ity of this methodology across a range of disease states.

Moreover, we suggest that the findings from these analyses
also indicate that the use of claim-wide cost attribution
based on claim-listed diagnosis codes and a predetermined
disease-related medication list (Method 1) to assess dis-
ease-related cost and HCRU, the simplest and least labor-
intensive method included in our comparison, may be a
reasonable option in some research scenarios, depending
on the research question.

Abbreviations
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ing anti-rtheumatic drug; DRG, diagnosis-related group;
ER, emergency room; HCPCS, Healthcare Common
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utilization; HIV, human immunodeficiency virus; ICD,
International Classification of Diseases; RA, rheumatoid
arthritis; SLE, systemic lupus erythematosus; UC, ulcera-
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