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ABSTRACT

Introduction: This article describes the devel-
opment of a unique mapping of the Kurtzke
Functional Systems Scores (KFSS) from Interna-
tional Classification of Diseases, 9th revision,
Clinical Modification (ICD-9-CM) codes among
multiple sclerosis (MS) patients within a US In-
tegrated Delivery Network (IDN). Valid identi-
fication of increasing disability may allow
deeper insight into MS progression and possible
treatments.
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Methods: This cohort study identified MS
patients in the IDN, Intermountain Healthcare.
Experienced clinicians and informaticists map-
ped electronic health record ICD-9-CM codes to
KFSS components generating a modified
Kurtzke Expanded Disability Status Scale (EDSS).
Modified EDSS scores were used to assess dis-
ability progression by calculating means, medi-
ans, ranges, and changes in KFSS and modified
EDSS scores.

Results: Overall, 608/2960 (20.5%) patients
were identified as having MS progression and
presented a wide range of scores on the EDSS
10-point scale. The median (range) first and
second EDSS scores were 0 (0-6) and 5 (1-8),
respectively. The median (range) change from
first to second score was 5 (1-7.5). The median
first KESS score for all systems was O, and the
mean differed among components. The highest
mean first KFSS score (1.06) was measured for
sensory function and lowest (0.12) for cerebellar
functions. Of the 544 patients with their first
EDSS scores in the < 2.5 group, 75.2% and
15.1% had their second EDSS scores in group
3-5.5 and > 6, respectively. Of the 62 patients
with their first EDSS score in the 3-5.5 group,
58.1% had their second EDSS scores in
group > 6.

Conclusion: This innovative mapping tech-
nique is a promising method for future com-
parative effectiveness and safety research of
Disease-Modifying Therapy in Real-World Data
repositories. Future research to validate and
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expand on this method in another healthcare
database is encouraged.

Keywords: ICD-9 mapping; KESS; EDSS; MS
disability; Algorithm; Real-world data

Key Summary Points

Why carry out this study?

There is an interest in tailoring multiple
sclerosis (MS) treatment based on disease
subtype and level of disability.

By mapping the components of Kurtzke
Functional Systems Scores (KFSS) to
generate Expanded Disability Status Scale
(EDSS) scores, it is possible to identify
patients with MS disability progression.

Limitations of the study are noted in the
Discussion.

What was learned from this study?

Mapping of KFSS makes it possible to
calculate changes in EDSS score.

This study provides a promising method
for the comparative effectiveness and
safety of disease-modifying therapies in
the treatment of MS.

INTRODUCTION

There are significant incentives to tailor multi-
ple sclerosis (MS) pharmaceutical treatments by
identifying MS patient populations and the
disease-modifying therapies (DMTs) most
effective for their disease subtype and progres-
sion level. As a result, the demand for observa-
tional studies in MS using real-world data has
grown [12, 22].

Current disease assessment practices for MS
patients include an evaluation of demyelination
via the Kurtzke Functional Systems Status Scale
(KESS). Developed by John Kurtzke, MD, the
KEFSS measures demyelination impact on body

systems. The KFSS components include systems
related to the brain (pyramidal, cerebellar,
brainstem, sensory, and cerebral) as well as
three body functioning systems: bowel and
bladder, visual, and motor. The KESS is widely
implemented by neurologists and general prac-
titioners [14, 20].

As useful and productive as the KFSS has
been in assessing MS patient functioning,
US Integrated Delivery Network (IDN) adminis-
trative International Classification of Diseases,
9th revision, Clinical Modification (ICD-9-CM)
codes do not exist for results of clinical assess-
ment instruments such as the KEFSS. For the
MS patient population, measuring KFSS from
healthcare claims databases would improve the
effectiveness of DMT studies and may yield
better treatment and longer lives with less
disability.

In addition, Kurtzke quantified an MS dis-
ability scale that has evolved into the current
Expanded Disability Status Scale (EDSS). The
aim of the EDSS was to create an objective
measure of the level of functioning that could
be widely used by healthcare providers diag-
nosing, treating, and managing MS. The EDSS
determines an overall score on a scale with a
range from O to 10. Lower EDSS scores, 0-4.5,
denote patients with ambulatory capabilities,
whereas higher EDSS scores, 5.0-9.5, identify
MS patients with reduced ambulatory function
[12]. EDSS is widely used in MS clinical trials,
but not in daily clinical practices [24].

The purpose of this study was to map the
components of the KFSS to ICD-9-CM codes to
generate EDSS scores and calculate the change
in EDSS scores, thus creating a tool that can
identify MS patients with disability progression
and quantify MS disability using administrative
claims [9, 14].

The ethical nature of this trial was approved
by the Intermountain Health Investigational
Review Board, reference number 1050287.
Patient consent was waived, as patient infor-
mation was aggregated. Authors complied with
all ethics guidelines. Furthermore, the Inter-
mountain Health gave the appropriate permis-
sions for use of their data, and their employees
participated in the research and authoring of
this manuscript.
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METHODS

Study Design

This study identified a retrospective cohort of
MS patients from the Intermountain Healthcare
Provider-Payer IDN [15] and mapped the ICD-9-
CM codes reported in their electronic health
records (EHR) to KFSS components to derive an
estimate of disability, the EDSS. The EDSS score
assessed disability progression over the most
recent 12-month care coverage period after
index date, referred to as the “EDSS assessment
period.” The most recent 12-month care cover-
age period was selected as the “EDSS assessment
period” for its compatibility with clinical trials
as well as to capture the most current progres-
sion status of patients. Means, medians, ranges,
and changes of KFSS and EDSS scores were cal-
culated for this “EDSS assessment period.”

Data Sources

Intermountain Healthcare System

All data for this study were sourced from the
IDN Intermountain Healthcare database cover-
ing the period from January 1, 2010, to
December 31, 2014. This database includes over
5 million patients across 22 hospitals, 185 clin-
ics, and 750 physicians in Utah and Idaho. The
EHR within the IDN Intermountain Healthcare
archive is likely to capture all patient experi-
ences within the network. Data within the EHR
include inpatient and outpatient encounters,
diagnoses, procedures, medication orders, lab-
oratory results, clinical notes, and other infor-
mation and associate these data with a single,
unique identifier for each patient.

KFSS and EDSS

The KESS, developed for MS patients to measure
demyelination impact on body systems, evalu-
ates eight systems. The KFSS component
includes systems related to the brain (pyrami-
dal, cerebellar, brainstem, sensory, and cerebral)
as well as three body functioning systems:
bowel and bladder, visual, and other [14].

The EDSS, Kurtzke’s subsequent MS disability
scale, is a 10-point scale that objectively quan-
tifies disability and level of functioning. The
EDSS calculates a total score on a scale that
ranges from O to 10. The first levels, 0-4.5, refer
to people with a greater degree of ambulatory
ability, and the subsequent levels 5.0-9.5 refer
to the impairment of ambulatory ability [14].
For this study’s disability evaluation, the EDSS
was adapted from the standard clinical EDSS.
For example, the criterion EDSS score = 6 was
originally defined as “Intermittent or unilateral
constant assistance (cane, crutch, brace)
required to walk about 100 m with or without
resting (usual functional systems [FS] equiva-
lents are combinations with more than two FS
grade 3 +).” The modified EDSS score = 6 was
defined as (three FS grade 3 +; others ES
grades < 3) or (two FS grade 4 +; others ES
grades < 3). More details of the modified EDSS
are presented in Table 1.

Patients

The progressive MS patient cohort was selected
using a sequence of queries of the structured
healthcare claims data. Patients with a diagnosis
of MS, who were at least 18 years old, had
12 months of history in the database prior to
the index date, had no documented pregnancy
during the study period (or the 12-month pre-
index period), and who had no other demyeli-
nating diseases were included [15]. The pro-
gressive MS cohort here included both primary
progressive  and  secondary  progressive
MS (SPMS) patients. The SPMS diagnosis gradu-
ally develops from a relapsed-remitting multiple
sclerosis (RRMS) diagnosis. Per literature,
approximately 15% MS cases are diagnosed as
having primary progressive MS [1, 2].

Mapping

First, ICD-9-CM codes of the MS patients were
mapped to KFSS components. Then, the map-
ped KFSS components were further mapped to
the modified EDSS; see Fig. 1.
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Table 1 Kurtzke Expanded Disability Status Scale (EDSS)

Score Evaluation

Clinical EDSS [14]

Modified EDSS"

0.0

1.0
1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

Normal neurologic examination (all grade 0 in all

functional system [FS] scores®)
No disability, minimal signs in one FS* (i.e., grade 1)

No disability, minimal signs in more than one FS* (more

than 1 FS grade 1)

Minimal disability in one FS (one FS grade 2, others 0 or
1)

Minimal disability in two FS (two FS grade 2, others 0 or
1)

Moderate disability in one FS (one FS grade 3, others 0

or 1) or mild disability in three or four FS (three or
four FS grade 2, others 0 or 1) though fully ambulatory

Fully ambulatory but with moderate disability in one FS
(one grade 3) and one or two FS grade 2 or two FS
grade 3 (others 0 or 1) or five grade 2 (others 0 or 1)

Fully ambulatory without aid, self-sufficient, up and
about some 12 h a day despite relatively severe
disability consisting of one FS grade 4 (others 0 or 1)
or combination of lesser grades exceeding limits of
previous steps; able to walk without aid or
rest > 500 m

Fully ambulatory without aid, up and about much of the
day, able to work a full day, may otherwise have some
limitation of full activity or require minimal assistance;
characterized by relatively severe disability usually
consisting of one FS grade 4 (others or 1) or
combinations of lesser grades exceeding limits of
previous steps; able to walk without aid or rest
> 300 m

Ambulatory without aid or rest for about 200 m;
disability severe enough to impair full daily activities
(e.g, to work a full day without special provisions)
(usual FS equivalents are one grade 5 alone, others 0 or
1; or combinations of lesser grades usually exceeding

specifications for step 4.0

All grade 0 in all functional system (FS) scores

One FS grade 1*
More than one FS grade 1*

One FS grade 2, others 0 or 1

Two FS grade 2, others 0 or 1

(One FS grade 3, others 0 or 1) or (three or four FS
grade 2, others 0 or 1)

(One FS grade 3 and one or two FS grade 2) or (two FS
g g
grade 3 and others 0 or 1) or (five grade 2 and others 0
or 1)

One FS grade 4 and others 0 or 1

One FS grade 4 (others < 3)

(One grade 5 alone, others 0 or 1); or (two grade 4 and
others < 3)
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Table 1 continued

Score

Evaluation

Clinical EDSS [14]

Modified EDSS"

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

Ambulatory without aid for about 100 m; disability
severe enough to preclude full daily activities (usual FS
equivalents are one grade 5 alone, others 0 or 1; or
combination of lesser grades usually exceeding those
for step 4.0)

Intermittent or unilateral constant assistance (cane,
crutch, brace) required to walk about 100 m with or
without resting (usual FS equivalents are combinations

with more than two FS grade 3 +)

Constant bilateral assistance (canes, crutches, braces)
required to walk about 20 m without resting (Usual
ES equivalents are combinations with more than two

ES grade 3 +)

Unable to walk beyond approximately 5 m even with
aid, essentially restricted to wheelchair; wheels self in
standard wheelchair and transfers alone; up and about
in wheelchair some 12 h a day (usual FS equivalents
are combinations with more than one FS grade 4 +;

very rarely pyramidal grade 5 alone)

Unable to take more than a few steps; restricted to
wheelchair; may need aid in transfer; wheels self but
cannot carry on in standard wheelchair a full day; may
require motorized wheelchair (usual FS equivalents are

combinations with more than one FS grade 4 +)

Essentially restricted to bed or chair or perambulated in
wheelchair but may be out of bed itself much of the
day; retains many self-care functions; generally has
effective use of arms (usual FS equivalents are

combinations, generally grade 4 + in several systems)

Essentially restricted to bed much of day; has some
effective use of arm(s); retains some self-care functions
(usual FS equivalents are combinations, generally

4 + in several systems)

Helpless bed patient; can communicate and eat (usual FS

equivalents are combinations, mostly grade 4 +)

Totally helpless bed patient; unable to communicate
effectively or eat/swallow (usual FS equivalents are

combinations, almost all grade 4 +)

One FS grade 5 +; others FS grades < 3

(Three FS grade 3 +; others FS grades < 3) or (two FS
grade 4 +; others FS grades < 3)

Three FS grade 3 + with pyramidal function grade 4;
others FS grades < 3

Two FS grade 4 4 with pyramidal function grade 4 +;
others FS grades < 4

Three FS grade 4 4 with pyramidal function grade 4 +;
others FS grades < 4

Four FS grade 4 + with pyramidal function grade 6;
others FS grades < 4

Five FS grade 4 + with pyramidal function grade 6;
others FS grades < 4

Six FS grade 4 + with pyramidal function grade 6;
others FS grades < 4

All FS grade 4 + with pyramidal function grade 6
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Table 1 continued

Score Evaluation

Clinical EDSS [14]

Modified EDSS"

10.0  Death due to MS

Death due to MS

Note 1: EDSS steps 1.0-4.5 refer to patients who are fully ambulatory, and the precise step number is defined by the
Functional System score(s). EDSS steps 5.0-9.5 are defined by the impairment to ambulation, and usual equivalents in

functional systems scores are provided
Sources: Kurtzke [14]

EDSS, Expanded Disability Status Scale; FS, functional systems; MS, multiple sclerosis

* Excludes cerebral function grade 1
b Study team modifications

KFSS

As ICD-9-CM does not have specific codes
aligned to KFSS signs and symptoms, cross-
mapping was performed. Two experienced
clinicians linked individual code values to KFSS
criteria, and two clinical informaticists reviewed
how closely the terms were aligned. For exam-
ple, for the pyramidal function system, motor
functions, such as walking, were mapped as
follows:

1—Abnormal signs without disability (ICD-
9-CM 781.2 abnormality of gait)

2—Minimal disability (ICD-9-CM 719.7, dif-
ficulty in walking)

6—Quadriplegia (ICD-9-CM: 344.00
quadriplegia  unspecified, 344.09 other
quadriplegia, and V49.84 bed confinement sta-
tus), etc.

During the mapping, the KFSS ‘Unknown’
(value = 9) was excluded and not mapped. The
KESS ‘Normal’ (value = 0) was defined by an
absence of an MS sign or symptom. Details of
conversion from KESS into ICD-9-CM codes are
at Appendix 1 (Table 1 Supplementary).

EDSS

The EDSS score is based on a combination of the
number of non-zero functional system grades
and the actual grades based on the mapped
KESS. EDSS was mapped from the KFSS as shown
in Table 1. Following mapping, the EDSS was
modified for two reasons: (1) the lack of clinical
detail regarding ambulatory function in ICD-9-
CM codes for mapping to KFSS; (2) it represents

mutually exclusive EDSS categories (e.g., EDSS
6.0 Intermittent or unilateral constant assis-
tance [cane, crutch, brace] required to walk
about 100 m with or without resting); see
Table 1. As reported in the literature, the lower
scale values (0-4.0) were influenced by impair-
ments detected by the neurologic examination
of eight functional systems, while the values >
4.0 are mainly based on the walking ability, and
values > 6 are based primarily on patients’
handicaps [5, 25]. Disability progression was
defined by change between the first modified
EDSS score during the first 7 to 12 months and
the second modified EDSS score during the
1st-6th months of the “EDSS assessment per-
iod;” see Fig. 2. The rates of EDSS change varied
depending on the initial values [10, 23]. Change
was required to be > 1.0 point if the first mod-
ified EDSS score was between 0 and 5.5 inclusive
or > 0.5 point if the first modified EDSS score
was > 5.5. The guidelines of the European
Medicines Agency (EMA) suggest that an aver-
age change from baseline is not an adequate
efficacy parameter. Instead, they recommend
defining treatment success or treatment failure
of either reaching a certain EDSS score or a
sustained change in sufficient volume [21]. A
separate consideration of the lower and upper
value range of the EDSS is recommended: a
1.0 point on the EDSS scale with a baseline EDSS
score < 5.5 and 0.5 points in a baseline EDSS
score > 5.5 [6]. Six-month confirmed disability
progression was defined as:
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MS Patient ICD-9 codes
ICD-9 codes

collated

transposed to
KFSS scale

EDSS score
mapped from
KFSS scale

EDSS score
modified

Fig. 1 Mapping flowchart. EDSS, expanded Disability Status Scale; ICD-9 International Classification of Diseases, 9th
revision; KFSS, Kurtzke Functional Systems Score; MS, multiple sclerosis

e A sustained increase of 1 point on the EDSS
for patients with baseline EDSS < 5.5 per-
sisting for at least 6 months;

¢ A sustained increase of 0.5 for a patient with
baseline EDSS > 5.5, persisting for at least
6 months [18].

Previous studies showed that the rates of
change varied depending on the initial value.
Greater rates of change were observed at the
lower end of the scale, which described less
severe MS. However, for patients with more
severe disease, with EDSS scores > 6, the EDSS
showed very little change in sensitivity [S].
Ravnborg and colleagues reported higher
annual rates of change (worsening health) at
low EDSS baseline [23].

RESULTS

From a cohort of 2960 MS patients [15], 608
(20.5%) were identified as experiencing pro-
gressive MS by change in modified EDSS score;
see Table 2 and Appendix 2. Among these 608
patients, the median (range) first and second
EDSS scores were 0 (0-6) and 5 (1-8), respec-
tively. The median (range) change from the first
to second EDSS score was 5 (1 to 7.5). The
median first KESS score for all systems was O.
The mean first KESS score varied by system, with
the highest score (1.06) for sensory function
and the lowest score (0.12) for cerebellar func-
tions; see Fig. 3.

Among 544 patients with first EDSS score in
the group < 2.5, 9.7% still had the second EDSS
score in the same group, and 75.2% and 15.1%
of patients had the second EDSS score in group
3-5.5 and > 6, respectively. Among 62 patients
with first EDSS score in the group 3-5.5, 41.9%
still had the second EDSS score in the same
group, and 58.1% had the second EDSS score in
group > 6; see Table 2. More details of

distributions by the first and second EDSS score
groups are presented in Appendix 2 (Table 2
Supplementary).

DISCUSSION

The potential of Real-World Data healthcare
claims databases to yield a more thorough
understanding of clinical conditions and treat-
ments than has previously been available is
staggering. To date, IDN resources have not
harnessed ICD-9-CM codes to determine MS
disability estimates. The ground-breaking map-
ping techniques presented here represent a
promising, innovative, and affordable method
for estimating MS disability.

These MS disability estimates are derived
from real-world data. Healthcare providers and
their associates with knowledge of disease states
entered patient data into the EHR. For example,
neurologic diagnoses may come from the HCP
or a neurologist; a vision diagnosis would orig-
inate from the HCP or the patient’s ophthal-
mologist. For the EHR system to achieve its
objectives of providing a comprehensive view of
patients’ medical history, assisting clinical
decision making, and improving patient out-
comes, the Intermountain Healthcare EHR sys-
tem is designed to support the entry of accurate
and timely data (e.g., ICD-9-CM diagnosis
codes, procedure codes, and clinical notes) [13].
However, there is a low possibility that the EHR
contains incorrectly identified MS ICD-9-CM
codes, and the same examiner reviewed at the
two different time points.

While use of ICD-9-CM codes was novel,
there is precedence for a real-world evidence
(RWE) evaluation of EDSS to measure the dis-
ease progression in relapsing-remitting MS
patients: a German NeuroTransData (NTD) MS
registry study [3] that evaluated time to 3- and
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1/1/2012
Start of most recent
care coverage period

12/31/2012
End of most recent
care coverage period

I I N N

N I N N

Jan Feb

12t Month

March April May June

July Aug Sept Oct Nov Dec

15t Month

Fig. 2 An illustration of the most recent 12-month care coverage period after index date—the “EDSS assessment period”

Table 2 Distribution by first and second EDSS score groups during the EDSS assessment period among 608 progressive

MS

First EDSS score group

Second EDSS score group, # (row %)

Severity Total
Mild Moderate Severe
<25 3-5.5 26
n % n % " %
<25 53 9.7 75.2 82 15.1 544
3-5.5 0 0.0 41.9 36 58.1 62
> 6 0 0.0 0.0 2 100.0 2

EDSS, Expanded Disability Status Scale; MS, multiple sclerosis

6-month EDSS confirmed disability progression
(CDP) as an exploratory analysis. Data from that
German MS registry study included patients
aged > 18 years with RRMS, > 1 relapse, and
EDSS assessment(s). The current study defined
the most recent 12-month care coverage period
as its “EDSS assessment period” to be compatible
with clinical trials and capture patients’ most
updated progression status, keeping in mind
that the selected time period under study may
have been too short to define and distinguish a
patient’s secondary progressive disease course.
This study seemed to demonstrate a superior
diagnosis and documentation of symptoms for
the sensory functional system compared to the
other functional systems; the sensory score was
the maximum KFSS score. As reported in the
literature, the lower scale values (0-4.0) are
influenced by impairments detected by the
neurologic examination of eight functional
systems. The mapped EDSS tool may less accu-
rately reflect the functional system for EDSS

score > 4.0 mainly based on the walking ability
and > 6 mainly on patient disabilities [5, 23]. In
addition, as the EDSS estimation of MS disabil-
ity is based primarily on ambulation and not on
cognition and/or fatigue, this analysis may
underestimate mild cases and low EDSS scores.

However, the changes of EDSS score
observed in this study are consistent with pre-
vious studies [6], but inconsistent with others
[7]. Tt is well known from other studies that the
EDSS is heavily biased to locomotor function
[11, 27]. Several factors influence the EDSS
changes, including the baseline EDSS score of
the study population, disease duration, follow-
up period, age of MS onset, primary or sec-
ondary progressive MS, and disease progression
with or without relapse. In addition, clinical
signs and/or symptoms documented via ICD-9-
CM codes in the EHR database for mild and
moderate disability severity of MS were under-
recorded and under-reported.
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Mean First KFSS Score by Function

14

1.2

1.0

0.8

0.6

Visual Bowel and Cerebral

Bladder

Sensory

0.4
) . I I
. B B

Brainstem Cerebellar Pyramidal

Fig. 3 Mean first KFSS score by function among 608 progressive MS patients during the “EDSS assessment period.” KFSS,

Kurtzke Functional Systems Score

In the event of missing codes for KFSS signs
and symptoms, this study assumed their
absence. This assumption may have led to an
overestimation of the change in modified EDSS
between the first and second EDSS scores.
Because this mapping algorithm was used to
identify progressive MS patients to exclude part
of a larger study, the exclusion of some relapse
patients with increase in EDSS, which was not
due to actual disability progression, was con-
sidered acceptable as part of the sensitive
exclusion criteria. This should considered for
potential implications when using this map-
ping algorithm, and users of this method
should be aware of the limitation when apply-
ing for another study purpose.

Lack of an ICD-9-CM diagnosis code corre-
sponding to a KFSS score may not have indi-
cated the absence of a condition due to how
data are collected and prioritization of diag-
noses for reimbursement (e.g., more severe
problems may have been recorded, or less severe
conditions not considered relevant to the visit
may not have been recorded). Hence, the KFSS
mapping may be more likely to capture more
severe conditions and underscore patients with
less disability. A full validation was not per-
formed on the KFSS mapping to assess perfor-
mance and identify areas (e.g., tails of the

scores) in which the mapping algorithms may
differ.

In addition, the mapping to the EDSS score
without the ambulatory clinical detail may have
resulted in different scoring than that provided
by the healthcare provider/neurology specialist.
This difference may have led to misclassifica-
tion bias, which will need to be considered by
future study teams to assess the validity of the
developed mapping algorithms and to improve
interpretation of the study results for persons
with moderate or severe MS.

Furthermore, disability progression from
relapses versus progression independent of
relapses could not be distinguished in this
study. RRMS usually has progressive clinical
disability, with or without superimposed relap-
ses and remissions. Some other MS patients
have progressive disease from the beginning,
although there may be superimposed relapses
and remissions. Neurologic disability may result
from progression of the disease, relapses with
incomplete remissions, or both [4, 17, 26]. As
such, the change in EDSS score could be due to a
relapse during the final 1 year of the patients’
coverage and not indicate disability progres-
sion, introducing misclassification bias.

The claims-based KFSS mapping tool pre-
sented here is one of several newly developed
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MS disability tools derived from registry data
available for clinical practice; other tools
include the Novartis MSProDiscuss™, Gene-
tech’s smartphone app, FLOODLIGHT, and the
BeCare MS App [8, 16, 19].

Future research to expand on this technique
should include two validation studies. The first
study is recommended to validate the devel-
oped mapping algorithm based on EDSS
records. The second validation study is recom-
mended to confirm the identified progressive
MS cases using manual medical chart reviews.
Additionally, the authors encourage this MS
mapping algorithm be assessed in other US and
non-US healthcare databases.

CONCLUSIONS

This MS mapping study established that using
mapping techniques to correlate ICD-9-CM
codes to KFSS components was a productive use
of EHR data. In addition, this analysis demon-
strated that mapping of KFSS using ICD-9-CM
makes possible the calculation of change in
EDSS score and a proxy of MS disability
progression.

Furthermore, this analysis contributes to the
toolbox utilizing real-world data to calculate an
MS patient clinical quality measure, which can
support assessment of patient care and signal
disability progression.

The results showed progressive MS patients
had a wide range of EDSS score changes during
their last year of care coverage. The developed
mapping techniques will be a promising
method for future comparative effectiveness
and safety research of DMTs in real-world data
databases.
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