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ABSTRACT

e Background: The ALS Functional Rating Scale was developed beginning in 1991 for
use in clinical trials of new therapeutic agents for ALS. In the 20 years since its
inception, the ALSFRS, now in its revised version as the ALSFRS-R, has become the
most frequently used ADL assessment instrument in ALS trials, appearing in more
than 175 peer-reviewed publications. The ALSFRS and ALSFRS-R have been applied
in other patient management and research settings as well. The ALSFRS-R has
become an accepted primary endpoint measure for Phase 3 clinical development.

e Objectives: To review the history of the development and use of the ALSFRS and
ALSFRS-R.

e Methods: This presentation will review the concepts underlying the ALSFRS and
ALSFRS-R, the clinimetric properties of the scales, and advances in their application
over the last 20 years.

e Results: The ALSFRS and ALSFRS-R are reliable and reproducible scales with good
clinimetric properties. Their administration is easy to standardize, and it is easy for
patients and caregivers to use. They have been shown to be effective in
retrospective chart reviews of ALS patients. The ALSFRS and ALFRS-R have been
validated for administration over the telephone, and may be administered by
computer interface as well. The ALSFRS and ALSFRS-R have been translated into and
validated in 8 languages, and have been used in clinical studies world-wide. The
scales have been adopted in numerous types of research studies, including online
registries, and patient-initiated social networking research projects. The rate of
progression of ALSFRS-R from onset of disease has been confirmed to predict
survival time in ALS patients. Versions of the ALSFRS have been developed for other
neuromuscular diseases (IBMFRS) and for advanced stages of ALS. New methods of
analysis have recently been proposed which have the potential to increase the
validity of the scale in long-term clinical trials.

e Discussion: The ALSFRS, as it has evolved into the ALSFRS-R, continues to be a
valuable tool in ALS clinical and drug development research, and has become a
template for assessing function in ALS and other neuromuscular diseases. Future
evolution and application of the ALSFRS-R will be discussed.

WHY THE ALSFRS?

e \When we were contemplating clinical trials with neurotrophic growth factors, the
“in-vogue” method of assessing ALS disease status was Quantitative Muscle Testing
(QMT:; Andres, et al. 1987).

e |t was also recognized that in ALS, like cancer, survival would be the gold standard
for clinical trial outcomes in ALS.

e However, we wanted to have a measure that would be informative about patients’
abilities, could be administered to patients unable to attend clinic, and that might
ultimately prove to have some prognostic value.

e Clinical rating scales available at the time, the Appel Scale (Appel et al 1987), and
the Norris Scale (Norris, et al. 1974) combined interview-based functional
assessments and observational testing in ways that were not intuitive, were
lengthy and required specialized equipment and testing locations.

e Hence, a new scale was needed.

PRINCIPLES IN DESIGN OF THE ORIGINAL ALSFRS

e Goals:
— Develop a simple, 10-item questionnaire-based scale to record ADL performance.

— Develop a validated rating scale that would complement QMT and be easy
to administer.

— The scale was to be questionnaire-based and not mix testing modalities (i.e.,
it should not be a composite scale).

e Models included the Unified Parkinson Disease Rating Scale (UPDRS; Fahn and
Elton 1987) and the ALS Severity Scale (ALSSS) developed by Hillel et al (1989).

e Features of the Scale:
— Each item scored uniformly from 0 (unable to do) to 4 (normal function).

— Queries patients’ CURRENT ability to perform selected ADLs; does not
reference past performance.

— Intermediate scale steps described precisely to try to avoid ambiquity
In interpretation.

INITIAL VALIDATION OF THE ALSFRS

e |nitial study (ACTS Study Group, 1996) performed to validate ALSFRS against
- QMT
- FVC
— Maximum Inspriatory Pressure

— Schwab and England ADL scale (a 10-point scale similar to the Karnofsky
performance score used in cancer trials)

— Global Clinical Impression of Change (GCIC) score

e Assessed both cross-sectional and longitudinal correlations
— Demonstrated sensitivity, reliability and construct validity of the scale
— Strong correlation of ALSFRS scores with QMT and other measures

e Factor analysis was performed understand the operation of the scale

— Found little redundancy in factor analysis and logical grouping of scale items
into 4 factors corresponding to 4 functional domains:

- Fine motor
- Gross motor
- Bulbar
- Respiratory
e The longitudinal performance of the ALSFRS was next evaluated in the clinical trial
setting (Cedarbaum and Stambler, 1997)

— Continued utility and validity demonstrated over a 9-month study, using the
placebo group of a large, multicenter trial

— Correlation with ambulatory status identified

— Baseline ALSFRS Score and Baseline FVC (but not prior slope) identified as
prognostic factors for survival

THE NEED FOR REVISION

e The original ALSFRS devoted 3 questions to upper extremity, lower extremity and
bulbar function, but only one to respiratory function.

e Data from a large multicenter trial of BDNF was used to identify possible additional
questionnaire items to be added to the ALSFRS (Cedarbaum, et al. 1999).

— The Sickness Impact Profile data was also available for comparison

— Data was also available about patients who began using mechanical ventilation
during the course of the study.
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THE ALSFRS-R

e The one ALSFRS question about breathing function was replaced with 3, covering dyspnea,
orthopnea, and the need for ventilatory support (Cedarbaum, et al. 1999).

e The sensitivity, specificity and construct validity of the original scale were retained.

e Interestingly, the new pulmonary section did not correlate with limb and bulbar function in the factor
analysis, indicating that it measured a completely different dimension of the disease and provided
information not previously captured by the ALSFRS.
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Reliability and Alternate Modes of Administration
for Modern Clinical Trials

Amyotrophic Lateral Sclerosis Functional Rating >cale.
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e Kaufman et al found inter-rater reliability of the ALSFRS-R
to be high (ICC 0.93-0.95).

— Reliability was equally as good when the ALSFRS-R

3. Appel V, et al. A rating scale for amyotrophic lateral sclerosis:

pescription and preliminary experience. Ann Neurol. 19s/;
O

was performed in person or over the telephone. | e
'
® Kasarskls, et al. found that results from telephone 4. Benaim C, et al. Functional scales and motor assessment in
amyotrophic lateral sclerosis. Rev Neurol (Paris). 2006; 162 Spec

clinic administration (r > 0.98). - T | Scale : : :

e The ALSFRS-R has also been validated for self-
administration (Montes, et al. 2006).

e Accurate scores can also be generated from clinic notes
(Lechtzin, et al. 2009) or old photographs and movies
(Lewis 2007).
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ALSFRS-R Predicts Survival; Scores Represent Clinically
Meaningful Changes in Disease Status

Figure 1. Predicted Nine Month Survival as a Function of Baseline ALSFRS-R

e Baseline/entry ALSFRS-R scores have been found to be
predictive of survival in clinical trial (Cedarbaum, et al. 1
1999); and clinic (Kaufman, et al. 2005) populations, as o 12. Ingersoll, EW,, et al. ETTects of Treatment with Dexpramipexole
has rate of pre-study decline Kimura, et al. 2006). . e i
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e ALSFRS-R scores also predict survival for patients on
mechanical ventilation (Lo Coco, et al. 2007).

0.51

Predicted Survival

0.4

e 93% of 65 clinicians surveyed considered that a 20%
slowing in the rate of decline of ALSFRS-R to be a
clinically meaningful benefit; and all considered a 25%
slowing in the rate of progression to represent a clinically
meaningful change (Castrillo-Viguera, et al. 2010).

0.31

0.2

0.17

(0 e e e e R R R R |
0 5 10 15 20 25 30 35 40 45 50

Baseline ALSFRS-R

(Cedarbaum, et al.,1999)

ALSFRS-R Scores and Rates of Change are
Robust Over Time and Across Studies
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% Slopes estimated from linear mixed effects model applied to first 6 months of follow-up; separate estimation for 24:721-728.

The ASLFRS-R Has Been Translated Into Multiple Languages,
With Cultural Adaptations as Required

Examples:
Chinese: Liu, et al. 2009 Italian: (unpublished)
Dutch: Maessen, et al. 2007 Japanese: Ohashi, et al. 2001
French: Benaim, et al. 2006 Portuguese: Guedes, et al. 2010
German: (unpublished) Spanish: Campos, et al. 2010

Hebrew: (unpublished)

However, not all of these translations have undergone full linguistic and cultural validation. O K LN E LS
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