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Views & Reviews

Myasthenia gravis

Recommendations for clinical research standards

Task Force of the Medical Scientific Advisory Board of the Myasthenia Gravis Foundation of America;
A. Jaretzki III, MD; R.J. Barohn, MD; R.M. Ernstoff, MD; H.J. Kaminski, MD; J.C. Keesey, MD;
A.S. Penn, MD; and D.B. Sanders, MD

The need for universally accepted classifications,
grading systems, and methods of analysis for pa-
tients undergoing therapy for MG is widely recog-
nized and is particularly needed for therapeutic
research trials. The Medical Scientific Advisory
Board (MSAB) of the Myasthenia Gravis Foundation
of America (MGFA) formed a Task Force in May
1997 to address these issues. Initially, the Task
Force planned to develop classifications and outcome
measures pertaining only to standardizing thymec-
tomy trials. However, it quickly became apparent that
their efforts should apply to all therapeutic trials for
MG, and thus the scope of the mission was expanded.

During the development of these recommenda-
tions, the Task Force faced numerous dilemmas for
which no universally satisfactory solution was avail-
able. Dilemmas were defined as “situations that re-
quire one to choose between two equally balanced
alternatives or predicaments that seemingly defy
satisfactory solutions.” The Task Force members
agreed at the outset, however, that their primary
goal was to develop a uniform set of classifications to
be used in the comparative analysis of the various
therapeutic interventions for MG. With this as the
primary goal, a consensus was gradually developed.
In developing a consensus, at least two meetings
were held each year during a 3-year period. Between
meetings there was exchange of all proposals by elec-
tronic and surface mail, consultation with national

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology org and scroll down the Table of Con-
tents for the July 12 issue to find the title link for this article

and international experts in the field, critical analy-
sis of all proposals, and many revisions. All conflicts
(both minor and major) were resolved by vote. Virtu-
ally all issues were eventually approved unanimous-
ly; a few received a plurality of six.

This report presents the work of the Task Force
and proposes classification systems and definitions
of response to therapy designed to achieve more uni-
formity in recording and reporting clinical trials and
outcomes research. Although designed primarily for
research purposes, we think physicians may find
some of the recommendations useful in the clinical
management of patients with MG.

MGFA Clinical Classification. This classifica-
tion (table 1) is designed to identify subgroups of
patients with MG who share distinct clinical features
or severity of disease that may indicate different
prognoses or responses to therapy. It should not be
used to measure outcome. It defers quantitative as-
sessment of muscle weakness to the more precise
Quantitative MG Score for Disease Severity, defers re-
sponse to therapy to the MGFA Postintervention Status
and the Quantitative MG Score, and defers the status of
medication to the Therapy Status classification.

The fluctuating extent and severity of MG, and
the variable predominance of the muscle groups in-
volved, makes it extremely difficult to classify these
patients. Most existing classifications are modifica-
tions of Osserman’s,' separating patients with purely
ocular involvement from those with generalized
weakness, and further separating those with mild,
moderate, or severe generalized weakness. Osser-
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Table 1 MGFA Clinical Classification

Class I  Any ocular muscle weakness
May have weakness of eye closure
All other muscle strength is normal

Class II Mild weakness affecting other than ocular muscles
May alse have ocular muscle weakness of any severity

IIa Predominantly affecting limb, axial muscles, or both
May also have lesser involvement of oropharyngeal
muscles
IIb Predominantly affecting oropharyngeal, respiratory

muscles, or both

May also have lesser or equal involvement of limb,
akial muscles, or both

Class III Moderate weakness affecting other than ocular
muscles

May also have ocular muscle weakness of any severity
Ia Predominantly affecting limb, axial muscles, or both
May also have lesser involvement of oropharyngeal
muscles
IIIb Predominantly affecting oropharyngeal, respiratory
muscles, or both
May also have lesser or equal involvement of limb,
axial muscles, or both

Class IV Severe weakness affecting other than ocular muscles
May also have ocular muscle weakness of any severity
IVa: Predominantly affecting limb and/or axial muscles
May also have lesser involvement of oropharyngeal
muscles
IVb Predominantly affecting oropharyngeal, respiratory
muscles, or both
May also have lesser or equal involvement of limb,
axial muscles, or both

Class V. Defined by intubation, with or without mechanical
ventilation, except when employed during routine
postoperative management. The use of a feeding
tube without intubation places the patient in
class IVb

man classifications have included categories based
on the course of the disease, such as “acute fulminat-
ing” and “late severe,” and at times also included
categories for muscle atrophy and childhood onset.
Experienced clinicians have devised other classifica-
tions to monitor response to treatment, some based
on the degree of disability or age at onset, and others
that include quantitative measurements of specific
muscle function, such as arm abduction time and
vital capacity.

In general, these classifications use subjective as-
sessments and lack quantification. What one physi-
cian may regard as “mild,” another might regard as
“moderate” or “severe.” Furthermore, some experi-
enced clinicians believe that oropharyngeal involve-
ment is more dangerous, and perhaps different than
limb weakness, and thus should be identified by the
classification system. Some feel that “crisis” (respir-
atory insufficiency necessitating intubation and
assisted ventilation) is the result of coincidental

infection or other stress in susceptible patients,
whereas others regard crisis as defining the ulti-
mate in disease severity.

The Task Force discussed these issues at length,
and the members think that a uniform classification
is necessary if meaningful comparison of data is to
be achieved. The Task Force sees no alternative but
to accept the inherent imprecision of a clinical classi-
fication, and it recommends that the MGFA Clinical
Classification be used to supplement or to replace
the classifications now in use. It also recommends
that the most severely affected muscles be employed
to define the patient’s Class and that the “maximum
severity” designation be used to identify the most
severe pretreatment clinical classification status. The
“maximum severity” designation may be made histori-
cally and is employed as a point of reference. The max-
imum severity remains the point of reference
thereafter, with any worsening of the MG being re-
flected in the postintervention status determination.

The Quantitative MG Score for Disease Severity.
A quantitative MG scoring system (QMG Score) is es-
sential in the objective evaluation of therapy for MG.
This scoring system is based on quantitative testing of

sentinel muscle groups. The QMG Score should be- - -

used in conjunction with the Clinical Classification and
the Postintervention Status. It does not replace the
clinical evaluation of the patient and should not be
used to compare severity between patients. To assess
the effect of treatment, the QMG Score should be deter-
mined before beginning the treatment under study and
at appropriate intervals thereafter. As with all patient
evaluations, the time of the examination in relation to
therapy, and the presence of factors that may alter the
clinical course, should be recorded.

The Task Force recommends that a QMG Score be
used in all prospective studies of therapy for MG.
The specific scoring system recommended (table 2)2
is a modification of earlier systems developed for this
purpose.®$ Its interexaminer reliability has been con-
firmed. A manual and a demonstration video of this
system are available from the MGFA.”

The Task Force encourages proposals to improve
and validate this quantitative scoring system and
specifically recommends that studies be performed to
determine the value of “weighting” certain subscores
of the QMG score (oropharyngeal and respiratory
muscle weakness, for example). As it now stands, a
patient can have an improved total score but be inca-
pacitated by poor strength in one or two areas. The
evaluation and addition of other objective means of
testing muscle strength is also recommended. This
includes the use of a hand-held dynamometer, the
time taken to swallow a fixed volume of liquid,? oral
muscle function assessment.® the measurement of re-
spiratory muscles forces,® and objective functional
tests in children.

MGFA Therapy Status. The MGFA Therapy Sta-
tus (table 3) defines the treatment regimen of the
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Table 2 Quantitative MG score for disease severity

Test item None Mild Moderate Severe Score
Grade 0 1 2 3
Double vision on lateral gaze right 61 11-60 1-10 Spontaneous
or left (circle one), seconds
Ptosis (upward gaze), seconds 61 11-60 1-10 Spontaneous
Facial muscles Normal lid closure Complete, weak, Complete, without Incomplete

some resistance

Swallowing 4 oz. water (Y% cup) Normal

Speech after counting aloud from  None at 50
1 to 50 (onset of dysarthria)

resistance

Minimal coughing or Severe coughing/choking Cannot swallow (test
throat clearing

Dysarthria at 3049 Dysarthria at 10-29

not attempted)
Dysarthria at 9

or nasal regurgitation

Right arm outstretched (90 deg 240 90-239 10-89 0-9
sitting), seconds
Left arm outstretched (90 deg 240 90-239 10-89 0-9
sitting), seconds
Vital capacity, % predicted =80 65-79 5064 <50
Rt-hand grip, kgW
Men =45 15-44 5-14 04
Women =30 10-29 5-9 0—4
Lt-hand grip, kgW
Men =35 15-34 5-14 04
Women =25 10-24 5-9 04
Head lifted (45 deg supine), 120 30-119 1-29 0
seconds
Right leg outstretched (45 deg 100 31-99 1-30 0
supine), seconds
Left leg outstretched (45 deg 100 31-99 1-30 0

supine), seconds

Total QMG score (range, 0-39)

patient at a given time and is most useful when used
with the MGFA Postintervention Status. The Ther-
apy Status, at any point in time, is defined by using
a single designation or a combination of the designa-
tions. In addition, the duration of this status, the
current doses of all pertinent medications, and the
schedule of plasma exchanges and IV immunoglobu-
lin (Ig) should be recorded.

MGFA Postintervention Status. The Postinter-
vention Status (table 4) is designed to assess the
clinical state of MG patients at any time after insti-
tution of treatment for MG. Use of this classification
requires that specific forms of therapy be recorded
separately in the Therapy Status section.

The criteria defining the Postintervention Status re-
quire that the patient be examined by someone skilled
in the evaluation of neuromuscular disease. Criteria
for change in the patient’s status should be defined in
each study protocol based on quantitative assessment
of strength in pertinent or sentinel muscles. What con-
stitutes a sustained substantial change in medication
should also be defined specifically in each study proto-
col. Composite analysis (“bundling”) of postintervention
categories is discouraged because it circumvents the
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goal of response-specific analysis. However, if compos-
ite analysis is employed, the individual categories
should also be analyzed. Pending further study, it is
recommended that treatment and strength be stable
for at least 3 months as a baseline before beginning
prospective studies. If the patient has attained CSR,

Table 3 MGFA MG Therapy Status

NT No therapy

SPT Status post-thymectomy (record type of resection)

CH Cholinesterase inhibitors

PR Prednisone

M Immunosuppression therapy other than prednisone
(define)

PE(a) Plasma exchange therapy, acute (for exacerbations
or preoperatively)

PE(c) Plasma exchange therapy, chronic (used on a regular
basis)

IG(a) IVIg therapy, acute (for exacerbations or
preoperatively)

1G{(c) IVIg therapy, chronic (used on a regular basis)

oT Other forms of therapy (define)

i




Table 4 MGFA Postintervention Status

Complete Stable Remission (CSR)

Pharmacologic Remission (PR)

Minimal Manifestations (MM)

MM-0
MM-1

MM-2

MM-3

The patient has had no symptoms or signs of MG for at least 1 year and has received no
therapy for MG during that time. There is no weakness of any muscle on careful
examination by someone skilled in the evaluation of neuromuscular disease Isolated
weakness of eyelid closure is accepted.

The same criteria as for CSR except that the patient continues to take some form of
therapy for MG. Patients taking cholinesterase inhibitors are excluded from this category
because their use suggests the presence of weakness

The patient has no symptoms of functional limitations from MG but has some weakness on
examination of some muscles. This class recognizes that some patients who otherwise
meet the definition of CSR or PR do have weakness that is only detectable by careful
examination

The patient has received no MG treatment for at least 1 year.

The patient continues to receive some form of immunosuppression but no cholinesterase
inhibitors or other symptomatic therapy.

The patient has received only low-dose cholinesterase inhibitors (<120 mg pyridostigmine/
day) for at least 1 year.

The patient has received cholinesterase inhibitors or other symptomatic therapy and some
form of immunosuppression during the past year.

Change in Status

Improved (I)

A substantial decrease in pretreatment clinical manifestations or a sustained substantial

reduction in MG medications as defined in the protocol. In prospective studies, this
should be defined as a specific decrease in QMG score.

Unchanged (U)

No substantial change in pretreatment clinical manifestations or reduction in MG i

medications as defined in the protocol. In prospective studies, this should be defined in
terms of a maximum change in QMG score.

Worse (W)

A substantial increase in pretreatment clinical manifestations or a substantial increase in

MG medications as defined in the protocol. In prospective studies, this should be defined
as a specific increase in QMG score.

Exacerbation (E)

Patients who have fulfilled criteria of CSR, PR, or MM but subsequently developed clinical

findings greater than permitted by these criteria

Died of MG (D of MG)

Patients who died of MG, of complications of MG therapy, or within 30 days after

thymectomy. List the cause (see Morbidity and Mortality table).

PR, or MM status, the change in status should be indi-
cated as well.

Isolated weakness of eyelid closure was thought
not to be a sign of active disease and therefore was
not considered an exclusionary criteria from CSR or
PR status. In contrast, patients receiving cholines-
terase inhibitors are excluded from PR and MM-1
status because these medications mask myasthenic
symptoms.

Grouping by age, sex, race, and geography.
The sex, race, age at onset, and geographic distribu-
tion of patients may be important variables in assess-
ing response to treatment of MG.1112 Accordingly, these
variables should be identified in all studies and their
effect on response to treatment should be evaluated.

At this time, definitions of the age limits of child-
hood, adolescence, or onset of puberty have not been
universally accepted or applied.!>'®* Appropriate age
subdivision in children needs to be defined for uni-
versal use. Until such time as these age groups can
be agreed on, it is recommended that age grouping
occur by decade (i.e., up to 10 years, 11 to 20 years,
21 to 30 years, etc.).

Thymic pathology. There are no comprehensive
guidelines for the evaluation of the nonthymomatous
thymus removed from patients with MG. Incomplete
and variable sampling techniques'* and the lack of
comprehensive diagnostic guidelines may account for
the conflicting reports regarding the relationship be-
tween the histologic changes in the thymus and the
response to thymectomy.

To determine the prognostic and therapeutic im-
portance of pathologic changes in the thymus re-
moved during thymectomy, uniform criteria for
specimen management, sampling techniques, crite-
ria for the diagnosis of hyperplasia and involution,
characterization of immunocytochemical changes,
and other determinants need to be defined and stan-
dardized.%15.16

The histologic classification and grading of thymic
neoplasms, including the identification of noninva-
sive and invasive thymomas, other neoplasms of the
thymus, and their relation to MG results, also need
to be standardized.}>1"?¢ Patients with thymoma un-
dergoing thymectomy for MG should be analyzed
separately from those without thymoma, because
combining these patient cohorts has made it difficult
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to determine whether the presence of a thymoma,
even when noninvasive, alters the prognosis.

The Task Force recommends that the multiple is-
sues involved be addressed with the development of
guidelines for the evaluation of the nonthymomatous
thymus in MG and a universally acceptable single
classification of thymic neoplasms.

MGFA Thymectomy Classification. Multiple
techniques are described for removal of the thymus
in MG. The debate regarding which technique is
preferable is not resolved. Although, classically, “to-
tal thymectomy” is considered the goal of surgery, it
has not been demonstrated unequivocally that this is
necessary, nor is it clear that all the resectional tech-
niques do achieve this goal.

To resolve the issues regarding the choice of
thymectomy technique and whether there is a rela-
tionship between the resectional technique employed
and the rate of remission and improvement, the type
of thymic resection used needs to be defined in as
objective terms as possible. In addition, multiple re-
sectional techniques should not be reported as a sin-
gle cohort.

The Thymectomy Classification (table 5) is based on
published reports. The techniques are grouped accord-
ing to the primary approach (transcervical, videoscopic,
transsternal, or combinations) and are described
briefly. Referenced reports are recommended for de-
tails. Because, within each category, there may be vari-
ations in the extent of the resection from surgeon to
surgeon, the extent of the resection for each patient
cohort must be recorded. In all prospective studies it is
recommended that detailed descriptions of the opera-
tive technique be supplied, accompanied by drawings
and photographs of typical specimens. Ideally, a video
of the technique should also be available.

At this time, two types of transcervical thymec-
tomy are performed. The “Basic” resection employs
an intracapsular extraction of the mediastinal thy-
mus via a cervical incision and is limited to the re-
moval of the central cervical-mediastinal lobes
(figure, A and B). No other tissue is removed in ei-
ther the neck or the mediastinum.?2¢ The original
“Extended” resection employs a special manubrial

Table 5 Thymectomy Classification

T-1 Transcervical Thymectomy
(a)-Basic
(b)-Extended

T-2 Videoscopic Thymectomy
(a)-“Classic”
(b)-“VATET”

T-3 Transsternal Thymectomy
(a)-Standard
(b)-Extended

T-4 Transcervical & Transsternal Thymectomy
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retractor for improved exposure of the mediastinum.
The mediastinal dissection is extracapsular and in-
cludes resection of the visible mediastinal thymus
and fat. Sharp dissection may or may not be per-
formed on the pericardium The neck exploration
and dissection varies in extent and may or may not be
limited to exploration and removal of the cervical—
mediastinal extensions.?” 2 Variations include the addi-
tion of a partial median sternotomy? and the
associated use of mediastinoscopy.®

A number of variations in videoscopic technique
are being developed to assist in the performance of a
thymectomy. The “Classic” video-assisted thoracic
surgery (VATS) technique employs unilateral video-
scopic exposure of the mediastinum (right or left)
with removal of the grossly identifiable thymus and
variable amounts of anterior mediastinal fat. The
cervical extensions of the thymus are usually re-
moved from below 32 The Video-assisted Thoraco-
scopic Extended Thymectomy (VATET) employs
bilateral thoracoscopic exposure of the mediastinum
for improved visualization of both sides of the medi-
astinum. Extensive removal of the mediastinal thy-
mus and perithymic fat is described, the thymus and
fat being removed separately. A cervical incision is

performed with removal of the cervical thymic lobes™

and pretracheal fat.?3

There are several variations to the Transsternal
Thymectomy approach. The “Standard” technique
was originally designed to remove the well-defined
central cervical-mediastinal lobes. At this time, al-
though a complete® or partial®*¢ sternotomy may be
performed, the resection is more extensive than orig-
inally described, with removal of all visible mediasti-
nal thymus. Mediastinal fat, varying in extent, may
or may not be removed. The cervical extensions of
the thymus are removed from below, with or without
some adjacent cervical fat. Variations of this tech-
nique include a video-assisted technique using a
complete median sternotomy via a limited lower
sternal transverse skin incision.3” The “Extended”s®
procedure is also known as Aggressive Transsternal
Thymectomy® and Transsternal Radical Thymecto-
my.* These resections remove the entire mediastinal
thymus and most of the mediastinal perithymic fat.
They vary somewhat in extent in the mediastinum
and may or may not include all tissue removed by
the T-4 techniques. The cervical extensions are re-
moved from below, with or without additional tissue,
but without a formal neck dissection.

The combined transcervical and transsternal
thymectomy procedures are known as Transcervical—
Transsternal Maximum Thymectomy* and Ex-
tended Cervical-Mediastinal Thymectomy.*? These
resections routinely use wide exposure in the neck
and a complete median sternotomy with en bloc re-
moval of all tissue in the neck and mediastinum that
may contain gross or microscopic thymus anatomi-
cally. The resections include removal of both sheets
of mediastinal pleura and sharp dissection of the
pericardium. A similar procedure, although a less
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extensive resection in the neck and mediastinum,
has been described by Lennquist et al.

It is recommended that the thymectomy classifica-
tion, with modifiers as necessary, be employed when
reporting the results of thymectomy for MG.

MGFA Morbidity and Mortality Classification.
During the evaluation of therapeutic options, in addi-
tion to the determination of the remission and im-
provement status, quality of life and cost—-benefit
assessments should be performed.** This requires the
analysis of, among other things, the number and dura-
tion of hospitalizations and intensive care unit stays,
and complications related directly to each form of ther-
apy (table 6).

Formal Clinical Trial and Outcomes Re-
search. A prospective, randomized clinical trial re-
mains the preferred method to evaluate therapy
(Class I evidence in the American Academy of Neu-
rology [AAN]) nomenclature).*®* When a randomized
trial does not appear feasible, a prospective risk-
adjusted outcome analysis of nonrandomly assigned
treatment (Class II evidence in the AAN nomencla-
ture) is recommended.*® In prospective studies, in

Ceryical Mediastinal

\ S\

[/ Lateral to Phrenic
nerves (72%)

lobes (98%)

Figure. Anatomy of the thymus. This
illustration represents what is now gen-
erally accepted as the surgical anatomy
of the thymus.*! The frequencies (per-
cent occurrence) of the variations are
noted. Black = thymus; gray = fat that
may contain islands of thymus and mi-
croscopic thymus. A-P window = aorto-
pulmonary window. Source: Neurology
1997,48(suppl 5).552-S63

addition to the use of the classification, definitions,
grading systems, and methods of analysis recom-
mended herein, the CONSORT guidelines*’*® are
recommended.

“Survival” instruments, which are used in the
analysis of remissions, are fundamental in the com-
parative analysis of therapeutic programs for MG.
Although different levels of clinical improvement
should be evaluated in the analysis of all forms of
therapy, Complete Stable Remission remains the pri-
mary focus of the analysis, at least in the assessment
of thymectomy.

Qualify-of-life instruments should also be employed
because therapy for MG is usually not innocuous and
frequently does not produce a completely stable remis-
sion. Quality-of-life measures evaluate the impact of
intermediate levels of clinical improvement and mor-
bidity of therapy, and complement information pro-
vided by remission and clinical improvement analysis.
Although a functional status instrument assessing ac-
tivities of daily living has been developed for MG,*
there are no disease-specific quality-of-life instruments
for MG at this time. The Task Force recommends that
these be developed. The steps necessary to accomplish
this have been defined.5°
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Table 6 MGFA Morbidity and Mortality

Hospitalizations

Number per year (average since onset Rx & no. in the last
year)

Days per year (average since onset Rx & no. in the last year)
Intensive care stays

Number per year (average since onset of Rx & no. in the last
year)

Days per year (average since onset Rx & no. in the last year)
Ventilatory support
Pre-Rx or During Rx
Duration in place (days)
Tracheostomy
Pre-Rx or During Rx
Duration in place (days)
Infections
Pulmonary
“Line”
Other
Therapy-specific Complication (name of drug and complication)

Death (list cause, relation to therapy, and indicate whether
therapy related. Include all deaths occurring during a
hospitalization.)

Operative/postoperative
Length of surgery (hours/minutes)
Intraoperative complications
Hospital stay (days)
Intensive care stay (days)
Ventilatory support (days)
Infection (location, type, and severity)
Transfusions (number)

Nerve injury (phrenic/recurrent/intercostal—
temporary/permanent)

Persistent pain (severity, duration, and therapy)
Chylothorax (severity and duration)

Death (occurring within 30 days of surgery, even if the patient
has been discharged, and occurring after 30 days when clearly
related to the surgical procedure. Deaths within 90 days of
surgery should also be recorded)

An Outcomes Analysis guideline and an accompa-
nying diagram defining their interrelationships were
developed to provide background information on the
available analytic techniques.** Experts in the field
of biostatistics and outcomes analysis should be con-
sulted in the design of all studies, and in the collec-
tion and evaluation of the data.

Data bank. Multi-institutional studies utilizing
the data bank concept and fulfilling the require-
ments discussed next are recommended. This
method of study should be particularly useful and
practical for multiple institutions to compare the rel-
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ative value of the many therapies, including various
thymectomy techniques.

For a data bank program to be successful, it must be
developed appropriately and monitored rigorously.
Computer-based patient records, including the “human
language” component,! are required. Definitions, clas-
sifications, and standardized forms must be agreed on
and used. Standardization of numeric grading for all
important variables is required. Mechanisms must be
in place to review all the clinical records and to monitor
the quality of the database, including validation for
completeness and accuracy through a rigid auditing
process. The monitoring requirement involves a major
commitment by the sponsoring institutions, profession-
als, and staffs. Mechanisms to defray costs would need
to be developed.

Amendments. The MSAB of the MGFA has estab-
lished a Standing Committee for review of the Clinical
Research Standards. The goal of any proposed amend-
ment is to improve the guidelines based on demonstra-
ble errors in the existing guidelines, development of
new data, and common sense. The Review Committee
will review recommendations from national and inter-
national neurologic organizations and centers, journal
editorial boards, neurologists, immunologists, sur-
geons, biostatisticians, nurses, respiratory therapists,
and others working in the field of MG. The Review
Committee will also serve as a clearinghouse for ques-
tions, as they arise, concerning the application of the
Clinical Research Standards.

Please submit questions and proposals in writing
to Chairperson, Clinical Research Standards Review
Committee, Medical Scientific Advisory Board, My-
asthenia Gravis Foundation of America, Inc., 123
West Madison, Suite 800, Chicago, IL 60602; e-mail:
myastheniagravis@msn.com
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Editorial

Treatment of myasthenia gravis

A call to arms

John T. Kissel, MD; Gary M. Franklin, MD; and the Quality Standards Subcommittee of the
American Academy of Neurology

In this issue of Neurology, two articles address im-
portant issues in the treatment of myasthenia gravis
(MG).%? Gronseth and Barohn review the role of
thymectomy' and the Task Force of the Medical Sci-
entific Advisory Board of the MG Foundation of
America outlines a comprehensive grading system
for classifying and following patients.? Although
these two articles are different in their approach and
scope, both are important pieces of work that represent
significant contributions to the literature on MG.

MG represents one of the great medical triumphs
of the last half century. In 1960, Simpson first pro-
posed that MG was an autoimmune disease and
hypothesized that it resulted from an antibody-
dependent block in neuromuscular transmission.
Investigations in the 1970s demonstrated the defi-
ciency of acetylcholine receptors at the neuromuscu-
lar junction in MG, the production of animal models
by immunization with acetylcholine receptors, the
passive transfer of the disease between species with
immunoglobulin G, and the presence of antibodies to
acetylcholine receptors in most patients with MG.3
Subsequently, the immunopathogenic and electro-
physiologic mechanisms involved in the disease were
elucidated.

Coincident with these discoveries, effective treat-
ments were developed, including acetylcholinester-
ase inhibitors in the 1950s, and by 1970, prednisone
and other immunosuppressive medications were
available. In the 1970s, thymectomy—first described
as a treatment modality in 1936—became an in-
creasingly accepted form of therapy. In the 1980s,
both plasma exchange and intravenous immunoglob-
ulin were used to treat MG, particularly in patients
with life-threatening illness.

However, problems and questions remain. The
mortality rate for MG has not decreased over the last
50 years?; reports suggesting that the documented
increased prevalence of MG is due to better survival
more likely reflect improved case ascertainment in
the elderly.’ In addition, there are no studies com-

paring different treatment modalities for ocular ver-
sus generalized MG and for differing severity of
disease. In fact, only two adequately controlled trials
have been performed in MG: one with cyclosporine®
and the other comparing prednisolone with or with-
out azathioprine.” There are, therefore, no evidence-
based data on optimum treatment regimens for MG.

Why have there been so few therapeutic trials in
MG?* 1) MG has a relatively low prevalence (~15/

100,000),® so recruiting enough patients for a pro-- . -

spective, controlled trial may be difficult. 2)
Clinicians may choose not to refer patients with
treatable conditions for studies, even if the best
treatment is uncertain. Experienced clinicians may
feel that they know which treatment is best. 3) The
variability of the symptoms and signs of myasthenia
make it difficult to determine firm endpoints for a
clinical trial. 4) The use of concomitant agents, par-
ticularly acetylcholinesterase inhibitors, may be dif-
ficult to control. 5) Subsets of MG with different
antibody or electrophysiologic profiles make it diffi-
cult to select a homogenous patient population
for study. 6) Varying thymic pathology (normal, thy-
mic hyperplasia, thyomoma), as well as whether and
how the gland is resected, are potential confounding
variables.

In this context, both articles'? are a “call to arms”
for well-designed therapeutic trials in MG. The Task
Force outlines a comprehensive system for succinctly
describing and summarizing most aspects of the dis-
ease pertinent to-a clinical trial: a clinical classifica-
tion scheme; quantitative scoring scale; therapy
status descriptors; and a scheme for classifying the
various types of thymectomy. It also outlines addi-
tional measures crucial for therapeutic trials: stan-
dardized hospital morbidity and mortality formats;
use of CONSORT guidelines®; and quality of life and
cost-benefit assessments.

The Task Force recommendations are similar to
various grading and staging systems used for cancer
treatment protocols. MG patients entering a trial
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would be assigned a grade and stage that would
describe their clinical status, treatment, and thera-
peutic response. Although too complex for routine
use, it establishes the standardized criteria needed
for the performance of clinical trials in MG. The au-
thors recognize that this is only a first step, and have
established a standing committee to make changes
that will “improve the guidelines based on demon-
strable errors in the existing guidelines, develop-
ment of new data, and common sense.”? The
complexity of the guidelines highlights the challenge
to improve trials for MG.

These new guidelines can be criticized. First, the
method used to achieve consensus among expert
opinions is not explicit. A formal process, such as a
modified Delphi method, would have strengthened
the recommendations.!® Such a process is important
when expert opinion, rather than evidence, is the
foundation of the analysis. Second, broader interna-
tional input is needed, particularly if the guidelines
are for worldwide use. Third, many of the guidelines
are arbitrary; e.g., defining remission as “no symp-
toms or signs of MG for at least 1 year.” Fourth, the
reliability of the proposed rating scales needs testing
for inter- and intrarater agreement. The recommen-
dations should be validated before they can be ap-
plied. Fifth, neither electrophysiologic studies nor
acetylcholine receptor antibody status are incorpo-
rated in the current version.

The Task Force’s stated charge was to develop
criteria for thymectomy trials. This initial focus on
thymectomy is entirely appropriate because this is
usually an early consideration in treating MG.!! This
issue is addressed in the evidence-based review of
thymectomy by Gronseth and Barohn.! Using Qual-
ity Standards Subcommittee Practice Parameter
methods,'? they systematically reviewed 28 articles
involving 21 patient cohorts on thymectomy in MG.
They categorized the studies according to class of
data; reviewed each study in regards to survival,
remission (on or off medication), and improvement
status after thymectomy; and calculated the relative
rates for each outcome in the thymectomy versus
nonthymectomy groups. They concluded that
thymectomy was associated with disease remission
and improvement, with beneficial relative rates be-
tween 1.5 and 2.1, and recommend that “. . . thymec-
tomy is an option to increase the probability of
remission or improvement.” Believers in thymectomy
will view this analysis as supporting their beliefs.

However, the Gronseth and Barohn article
is sobering with regard to the actual evidence favor-
ing thymectomy. In only 7/15 studies describing
medication-free remission and in only 4/13 studies
describing survival was improvement significant for
a thymectomy group. The majority of the studies did
not show significant benefit. In addition, the meth-
ods were not optimum in all of the reports. None was
randomized, none used blinded outcome assess-
ments, and none described either patient selection
criteria or the status of the thymus gland (normal or
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hyperplastic). Most studies did not report the num-
ber of patients lost to follow-up. In addition, the
thymectomy in most studies was performed in
younger patients, a bias that skews the data in favor
of a positive outcome for thymectomy. The studies
also did not standardize medical therapy.

Given these limitations, and the fact that only
modest improvement was seen and in only a minor-
ity of studies, it is surprising that thymectomy is
such a widely accepted treatment for MG. Whereas
some neurologists feel so strongly about the benefits
of thymectomy that they deem a randomized controlled
trial unjustified, the data reviewed by Gronseth and
Barohn make it clear that there is equipoise over virtu-
ally all issues pertaining to thymectomy. Randomized
trials are needed.

Both the articles of Gronseth and Barohn! and the
Myasthenia Task Force? demand that neurologists
and thoracic surgeons conduct therapeutic trials in
MG. Clinicians must not become complacent and,
because of the multiple therapeutic options now
available, let MG become a victim of its own success,
with most of the important issues related to manage-
ment remaining unanswered.
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Research Standards

Alfred Jaretzki III, MD, Richard ]. Barohn, MD, Raina M. Ernstoff, MD,
Henry J. Kaminski, MD, John C. Keesey, MD, Audrey S. Penn, MD, and
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The need for universally accepted classifications, grading
systems, and methods of analysis for patients undergoing
therapy for MG is widely recognized and is particularly
needed for therapeutic research trials. The Medical Sci-
entific Advisory Board (MSAB) of the Myasthenia Gravis
Foundation of America (MGFA) formed a Task Force in

. May 1997 to address these issues. Initially, the Task Force
planned to develop classifications and outcome measures
pertaining only to standardizing thymectomy trials. How-
ever, it quickly became apparent that their efforts should
apply to all therapeutic trials for MG, and thus the scope of
the mission was expanded.

During the development of these recommendations,
the Task Force faced numerous dilemmas for which no
universally satisfactory solution was available. Dilemmas
were defined as “situations that require one to choose
between two equally balanced alternatives or predica-
ments that seemingly defy satisfactory solutions.” The
Task Force members agreed at the outset, however, that
their primary goal was to develop a uniform set of

sponse to therapy designed to achieve more uniformity
in recording and reporting clinical trials and outcomes
research. Although designed primarily for research pur-
poses, we think physicians may find some of the recom-
mendations useful in the clinical management of patients
with MG.

MGFA Clinical Classification

This classification (Table 1) is designed to identify sub-
groups of patients with MG who share distinct clinical
features or severity of disease that may indicate different
prognoses or responses to therapy. It should not be used
to measure outcome. It defers quantitative assessment of
muscle weakness to the more precise Quantitative MG
Score for Disease Severity, defers response to therapy to the
MGFA Postintervention Status and the Quantitative MG
Score, and defers the status of medication to the Therapy
Status classification.

The fluctuating extent and severity of MG, and the

INVITED COMMENTARY

Will Rogers once commented that “Everyone talks a lot
about the weather, but no one does anything about it!”
The. same might be said perhaps about those of us
involved in the care of patients with myasthenia gravis.
We remain somewhat frustrated at our inability to more
precisely understand this baffling disease. This is due in
part to our lack of uniformity in categorizing the various
manifestations and severity of our patients’ disease both
prior to and following the available medical and surgical
interventions.

A major step has been taken to “do something about it”
with the formation of the Myasthenia Gravis Task Force.
This multi-specialty group of knowledgeable clinicians,
after innumerable discussions and consultations with
colleagues, and after many months of gestation, have

given birth to a comprehensive set of Recommendations
for Clinical Research Standards. The delivery of this
much needed set of guidelines has been the result of a
lengthy and at times painful labor. It is hoped thatwe will
all welcome this new arrival, congratulate its parents, and
cooperate in “doing something” about advancing our
knowledge and capabilities in caring for our patients
with myasthenia.

Donald G. Mulder, MD
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Department of Surgery
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I-Statistical Instruments for Analysis of Remissions
& Levels of Improvement

A- “Survival” Instruments

Kaplan-Meier Product-Limit Estimator- The Kaplan-Meier method is a nonparametric
(actuarial) technique for estimating time-related events (the survivorship function). 1 Ordinarily
it is used to analyze death as an outcome. It may be used effectively to analyze time to an
endpoint, such as remission.

It is a univariate analysis and is an appropriate starting technique. It estimates the probability of
the proportion of individuals in remission at a particular time, starting from the initiation of
therapy or the operative date (time zero), is especially applicable when length of follow-up
varies from patient to patient, and takes into account those patients lost to follow-up or not yet
in remission at end of study (censored patients, assuming the censoring is non-informative). It is
therefore the instrument of choice in evaluating remissions following thymectomy. Since the
estimated survival distribution for the cohort has some degree of uncertainty, 95% confidence
intervals may be calculated for each survival probability on the “estimated” curve.

A variety of tests (log-rank, Wilcoxan and Gehen) may be used to compare two or more Kaplan-
Meier “curves” under certain well-defined circumstances. Median remission time (the time when
50% of the cohort has reached remission), as well as quantities such as three, five, and ten year
probability of remission, can also be generated from the Kaplan-Meier analysis, provided there
has been sufficient follow-up of patients.

The Kaplan-Meier technique is usually only useful as a method of preliminary evaluation, since
it is purely a descriptive method for the evaluation of one variable.

Cox Proportional Hazard-Regression Analysis- This is a form of multivariable analysis that
can consider many potential predictive variables simultaneously and is required when multiple
factors may affect the outcome. 2 The use of this technique usually accompanies the Kaplan-
Meier analysis. It is similar to multiple linear regression analysis but differs in that (a) it
considers censored data and (b) the outcome is time to a dichotomous endpoint such as
remission/no remission. The analysis can be adjusted for certain baseline factors such as severity
of illness, age at operation, etc. It determines risk factors and their statistical significance and
generates relative risks (hazard ratios) with associated 95% confidence intervals, adjusted for all
other covariates.

The model assumes that the ratio of the hazard functions for any two individuals over time
should be parallel. It is the opinion of many statisticians that this assumption must be satisfied
for verification of the model. There are various methods to test whether these assumptions hold.
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Note: The preceding Kaplan-Meier product-limit estimator and the Cox proportional hazard-
regression analysis recommendations are predicated on the assumption that relapses are relatively
uncommon, as they are after maximal thymectomy 3 and that the “event” is therefore time to first
remission as defined. However, if relapses are more common, as may be the case after medical
therapy, and perhaps following the more limited thymic resections, a separate analysis would be
needed for those patients who subsequently relapse and are therefore not in remission at the end
of the study. The endpoint would then be the time of the relapse. Because deaths due to
myasthenia gravis are now relatively uncommon, regardless of the form of therapy, they are being
considered “censored events”. They should, of course, be recorded. If deaths are more common, a
“competing risk” analysis would need to be employed. 4

The UAB Multi-Phase Hazard Regression Model- This method, developed at the University
of Alabama at Birmingham by Blackstone, Naftel and Turner, 3 is similar to the Cox Proportional
Hazard model. It differs, however, in that it divides the survival experience into at most three
distinct hazard phases; early, constant and late. A graphic display of the changing hazard rate
(instantaneous rate of remission) across time can be generated. For each phase, a multivariable
analysis can be performed. This technique has proved helpful in analyzing the results of cardiac
surgery and may prove helpful in analyzing the results of therapy, especially thymectomy, for
myasthenia gravis.

The Hazard Rate- This is a univariate estimate of the instantaneous risk (hazard) of an event
across time. % 7 It is estimated simply as the number of events (remissions) divided by the total
duration of follow-up times experienced by all patients in the study group. Therefore, it is
expressed as a rate (the number of events per individual at risk per unit time). When comparing
two remission rates, the analysis is appropriate only if the hazard rates are constant (/inearized
rate) over time. This may or may not be the case following thymectomy for myasthenia gravis.
If this analytic technique is employed, it is recommended that it be used only as a supplement to
the Kaplan-Meier analysis and not as a substitute.

Crude Rates- Crude rates should be discontinued in comparing results of therapy, especially
thymectomy. It is an incidence rate, which is defined, for instance, as the number of remissions
divided by the number of thymic resections, times 100%; or as the number of remissions divided
by the number of cases followed, times 100%. These cannot be used interchangeably nor to
compare one series to another, since there are no corrections for length of follow-up. They can
only be used for comparative analysis if all patients are followed after initiation of therapy or
postoperatively for the same length of time relative to disease onset. Under these circumstances,
the statistical method of analysis would be the Chi-Square or the Fisher Exact Test; a
multivariable approach would be logistic regression. Otherwise crude rates have no place in the
comparative analysis of these patients.

B- Instruments to Evaluate Clinical Improvement

In addition to the survival instruments described above, there are a number of methods of
capturing and analyzing the intermediate profile (clinical improvement) of patients. These are
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especially applicable for those patients who do not go into remission following therapy. The
following is a partial list of available options, organized by the type of variable. Many of these
analytical techniques are reviewed in standard statistical texts.8 Individual references are sighted
for the more advanced methods of analysis.

Measurements for Continuous Data- Paired and unpaired Student t-tests for means and/or
their non-parametric analogues. Analysis of Variance methods (ANOVA), including one-way,
two-way, repeated measures and Analysis of Covariance (ANCOVA) for more sophisticated
designs.? Multivariable methods include multiple linear regression analysis 10 and the Generalized
Estimating Equation (GEE) technique for longitudinal data. 1!

Measurement for Discrete Data- Methods include Chi-Square, Fisher's exact test, and
McNemar's Chi-Square test for paired data. 12 Multivariable methods include logistic regression 13
and again GEE modeling, including a recent model for clustered ordinal measurements. 14

II- Functional Status & Quality of Life* Instruments

*The concept of Quality of Life and Quality of Care
(as reflected in patient satisfaction and questionnaires) are distinct.

Functional status measures offer an objective look at patient physical capabilities. In
comparison to functional status measures, health status and preference measures capture a
broader impact of an illness and its treatment on the well-being of patients. There are two
types of health-related quality of life measures: health status indices and patient preference
measures.

Functional Status- These measurements characterize the functional capabilities or disabilities
of patients. These can be-objectively measured by patient examination or subjectively derived
from questionnaires which are completed by either the patient or researcher. The Myasthenia
Gravis Activities of Daily Living Score is an example of a disease specific functional status
measurement score and has been shown to correlate with the myasthenia gravis QMG Score. 13

Health Status Indices- These are multi-dimensional instruments which characterize quality of
life as a series of scores for relevant dimensions or domains (e.g., emotional well being,
mobility, self care, pain, anxiety). There are both generic and disease specific measures.
Generic Measures -Three such health profile instruments are the Medical
Outcomes Study SF36, 16 the Children’s Health Questionnaire, !7 and the
Sickness Impact Profile (SIP). 18, 19 These measures are useful for
characterizing the impact of disease and treatments on various aspects of health
related quality of life.
Disease-Specific Measures —These questionnaires focus on the aspects of
quality of life that are affected by one disease. Consequently, they are more
responsive to small changes in QoL and therefore more desirable than generic
instruments in longitudinal studies of a particular disease. A disease-specific




instrument for myasthenia gravis should be developed since there are none in
existence at this time. Steps necessary to develop such a measure have been

defined. 20

Preference (Utility) Measures- These are measurements that capture the overall value or
preference that a patient holds for a particular health outcome. 2! Such measures are expressed as
numeric values on a uniform scale (0 to 1). They are particularly useful for summarizing overall
changes in health related quality of life as they are expressed as a single numeric score. Most
importantly, preference scores can serve as quality adjustment factors for calculating quality
adjusted survival, measured in quality adjusted life years (QALY). The EuroQoL 22 and Health
Utility Index (HUT) 23 are two examples of questionnaires which can be administered to patients
to characterize their abilities or disabilities and from which a numeric preference scores for the

health states can be calculated.

I11- Quality Adjusted Survival & Cost Effectiveness

Quality Adjusted Life Years (QALY)- This measure aggregates both the survival and quality of
life experienced by patient or cohort and is expressed as a single numeric value. Patients that
survive a year at “full health” have experienced 1 quality adjusted life year (1 QALY). Patients
who survive a year but experience only “half of full health” have experienced half of a quality
adjusted life year (0.5 QALY). 24 To perform the QALY calculation each of the states of health
experienced by the patient during the follow-up period must be valued on a uniform scale from 0
(death) to 1 (full health). States of health perceived to be worse than death have values less than
zero. This form of measurement is quite valuable when comparing treatment strategies that have
different effects on survival and quality of life, i.e., when one strategy is not dominant in both its
effect on survival and quality of life.

Cost- These are the health care dollars that are used in the care of an illness. They may be
measured as charges, payments, or true costs. These are necessary to determine the impact of a
disease or proposed treatment on the overall health care budget. There are a variety of
techniques for cost calculation. Some studies rely on hospital or payer accounting systems that
are in place and some are based on primary collection of health resource use, which are translated
into dollars spent or saved. ’

Cost-effectiveness- This is an analytical technique that looks at the incremental rate paid to
obtain an additional unit or measure of health. Such rates are valuable for appropriating health
care funds because they allow you to determine the amount of health that your health care dollars
can be expected to yield, and, thus, allow you to find optimal way to spend health care dollars to
maximize health. This form of analysis is particularly relevant in comparing treatment strategies
where one is both more effective and more costly. Under such circumstances, one sees how
much more, on average, it cost to treat a patient by the more effective treatment (the incremental
cost) and, on average, how much more health each patient obtained (the incremental
effectiveness). Typically, costs are expressed as units of currency (e.g., dollars) and effectiveness
is expressed in a relevant outcome measure (e.g., years of life saved or years of quality adjusted
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life saved). The ratio of the two terms (incremental cost/incremental effectiveness) is the rate
paid for each additional measure of effectiveness obtained (e.g. dollars/life-year saved). When
quelity of life is taken into consideration, the term cost-utility ratio is often used. 25, 26

Figure

The Interrelationship between Outcomes Instruments--The interrelationship between
Survival-Improvement Instruments, the Quality of Life Instruments, and the Quality Adjusted
Survival-Cost Effective Instruments is demonstrated.
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