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Study of 962 patients indicates progressive

muscular atrophy is a form of ALS
g

ABSTRACT

Background: Progressive muscular atrophy (PMA) is clinically characterized by signs of lower
motor neuron dysfunction and may evolve into amyotrophic lateral sclerosis (ALS). Whether PMA
is actually a form of ALS has important consequences clinically and for therapeutic trials. We
compared the survival of patients with PMA or ALS to analyze the clinical features that influence
survival in PMA.

Methods: We reviewed the medical records of patients with PMA (n = 91) or ALS (n = 871) from
our ALS Center and verified survival by telephoning the families or using the National Death Index.

Results: In PMA, patients were more likely to be male (p < 0.001), older (p = 0.007), and lived
longer (p = 0.01) than in ALS. Cox model analysis suggested that the risk of death increased with
age at onset in both patient groups (p < 0.005). Upper motor neuron (UMN) signs developed in
22% of patients with PMA within 61 months after diagnosis. Demographic and other clinical
variables did not differ at diagnosis between those who did or did not develop UMN signs. In PMA,
the factors present at diagnosis that predicted shorter survival were greater number of body
regions affected, lower forced vital capacity, and lower ALS Functional Rating Scale-Revised
score. Noninvasive ventilation and gastrostomy were used frequently in PMA.

Conclusion: Although patients with progressive muscular atrophy (PMA) tended to live longer than
those with amyotrophic lateral sclerosis (ALS), shorter survival in PMA is associated with the
same risk factors that predict poor survival in ALS. Additionally, PMA is relentlessly progressive,
and UMN involvement can occur, as also reported in imaging and postmortem studies. For these
reasons, PMA should be considered a form of ALS. Neurology® 2009;73:1686-1692

GLOSSARY

ALS = amyotrophic lateral sclerosis; ALSFRS-R = ALS Functional Rating Scale-Revised; Cl = confidence interval; FVC =
forced vital capacity; HR = hazard ratio; LMN = lower motor neuron; MND = motor neuron disease; MRS = magnetic reso-
nance spectroscopy; NIV = noninvasive ventilation; PEG = percutaneous endoscopic gastrostomy; PMA = progressive mus-
cular atrophy; TMS = transcranial magnetic stimulation; UMN = upper motor neuron.

Progressive muscular atrophy (PMA) is clinically characterized solely by signs of lower motor
neuron (LMN) dysfunction. Patients with LMN signs who at any time later in follow-up
develop upper motor neuron (UMN) signs are then considered to have LMN-onset amyotro-
phic lateral sclerosis (ALS). PMA was identified in only 2.5% of all patients with adult-onset
motor neuron disease (MND),! and in another study with decades of observation, PMA was
found in 11% of MND cases.? In the World Federation of Neurology El Escorial ALS diagnos-
tic criteria, PMA is not considered a form of ALS but is labeled as “suspected ALS,” and
patients with that diagnosis are excluded from therapeutic trials.> The revised Airlie House
criteria discarded the “suspected ALS” category.*

The clinical limits of ALS and its subtypes remain to be more clearly defined. Histopatho-
logic studies have shown pyramidal tract degeneration in more than half of all patients with
purely LMN signs who were clinically diagnosed while alive with PMA.>7 In most cases,
ubiquitinated inclusions (characteristic of ALS) have been found in surviving motor neurons of
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patients with PMA.¢ Additionally, magnetic
resonance spectroscopy (MRS) has revealed
UMN involvement in more than 60% of pa-
tients with PMA, and transcranial magnetic
stimulation (TMS) identified UMN dysfunc-
tion in more than one-third of PMA cases,®!°
suggesting that PMA is a form of ALS. In fa-
milial ALS with SOD1 mutations, some pa-
tients have only LMN signs'"'>—further
evidence that PMA may be a form of ALS.
Furthermore, the rate of progression and du-
ration of PMA are comparable to those of
ALS.">15 All these reports prompted us to ret-
rospectively examine our patients with PMA
to compare survival in PMA with that in ALS
and analyze the clinical features that influence

survival in PMA.

METHODS We retrospectively reviewed the full medical
records of all patients diagnosed with an MND between 2000
and 2007 at the Eleanor and Lou Gehrig MDA/ALS Research
Center, Columbia University. For all cases, demographic and
clinical data were collected at the first full evaluation and at
follow-up through the last day we communicated with or exam-
ined the patient; survival data were also collected from families.
For patients who were lost to follow-up, the duration of survival
was determined using the National Death Index Interactive
Search at htep://ssdi.rootsweb.com/cgi-bin/ssdi.cgi.

The diagnosis of ALS was determined according to the El Esco-
rial criteria* using clinical and EMG findings. For purposes of this
analysis, we excluded patients who had a limited number of affected
nervous system segmental regions (cervical only or lumbosacral
region only) or were diagnosed with flail arm or flail leg
syndromes,'*'® monomelic amyotrophy, PLS, or other MNDs such
as Kennedy disease or multifocal motor neuropathy.

In PMA, neurologic findings were also reviewed and recorded at
all follow-up visits. The diagnosis of PMA was made based on the
presence of pure LMN findings at the first full evaluation performed
at our center. Specifically, from the record at the first full evaluation,
we collected data about the date of symptom onset and the number
of body regions (not nervous system segmental regions) involved (6
body regions: bulbar, right or left arm, right or left leg, and respira-
ton symptoms). Neurologic examination data consisted of the pres-
ence of LMN signs (weakness and muscle atrophy, fasciculation,
loss of or diminished stretch reflexes), presence of UMN signs (in-
cluding probable UMN signs: preserved reflexes in limbs with atro-
phic muscles, pathologic hyperreflexia, spastic catch, Hoffmann or
Babinski sign), score on the ALS Functional Rating Scale-Revised
(ALSFRS-R), and forced vital capacity (FVC). In some patients,
MRS and TMS were performed according to methods described in
detail elsewhere.® The use of noninvasive ventilation (NIV) and per-

cutaneous endoscopic gastrostomy (PEG) was recorded.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Columbia University
IRB.

Statistical analysis. Descriptive statistics are presented as
mean & SD for continuous variables and proportions for cate-

gorical variables. x* or Fisher exact test and Wilcoxon rank sum

test were used for 2-group comparisons of categorical or contin-
uous variables for demographic and clinical features. Kaplan-
Meier survival curves were estimated for each patient group, and
the log-rank test was used to assess the difference between
groups. Cox proportional hazards modeling was used to examine
factors related to survival. All tests were 2-sided with a signifi-
cance level of 0.05. Statistical analyses were performed using SAS

software, version 9.1.3 (SAS Institute, Cary, NC).

RESULTS Of 1,201 records with diagnosis of an
MND, ALS was the initial diagnosis in 916 (76.3%)
cases, PMA in 91 (7.6%), and PLS in 84 (7.0%).
The remaining cases were flail arm or leg syndrome
(n = 13), monomelic amyotrophy (n = 15), and
other MNDs (n = 84). We excluded 45 ALS cases
that were missing clinical or survival data, resulting
in a total of 871 ALS cases for analysis. All 91 PMA
cases had complete survival data; those that were
missing clinical data were not excluded from the
study, but were included for analysis only when they
had data available for the specific variable being
evaluated.

The median follow-up time after diagnosis (first
clinic visit) in PMA patients was 23.4 months (range,
0.7 to 88.3 months), whereas in ALS, the median
follow-up time was 13.8 months (range, 0.2 to0 213.4
months). The overall mortality rate after diagnosis
was 68.1% (62/91) in PMA and 68.4% (596/871) in
ALS (p = 0.95).

Differences between PMA and ALS. In PMA, the pro-
portion of men was greater than in ALS (73.6% vs
54.9%, p = 0.00006). Table 1 shows differences in
demographic and survival data between ALS and
PMA.

Survival in PMA and ALS. Kaplan-Meier estimates of
survival for time from symptom onset to death dif-
fered in PMA and ALS (p = 0.01) (figure 1): pa-
tients with PMA had longer survival, up to 77
months after onset. At about 80 months, the curves
crossed, with an estimated 14% survival rate; after
that, the estimated survival in PMA was similar to or
less than that of ALS. After symptom onset, the pa-
tients with PMA survived longer as a group (median,
48.3 months vs 36 months for ALS). Among the
patients who died, the longest survival time was
123.3 months in the 62 decedents with PMA and
213.1 months in the 596 decedents with ALS.
Among the patients who were still alive, the longest
survival time was 130.7 months in PMA and 367.2
months in ALS. The patient with ALS with the long-
est survival began to have symptoms at age 26 and
lived for 30.6 years.

Table 1 summarizes survival data in patients with
PMA and ALS. To further examine the associations
between the survival time from symptom onset and
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Table 1 Clinical data for patients with progressive muscular atrophy (PMA) or
amyotrophic lateral sclerosis (ALS)
PMA (n = 91), ALS (n = 871),

Variable mean = SD mean = SD p Value
Age at symptom onset, y 634117 59.9 =132 0.007*
Age at diagnosis, y 652+115 61.3+13.0 0.003*
Months (onset to diagnosis) 208 +17.7 17.7 = 20.9 <0.009*
Cumulative mortality from
onset to death

25% 32.8(27.0t0 43.7)" 21.8(20.1t023.3) 0.01#

50% 48.3(44.9t062.0) 36.0(33.5t038.5)

75% 70.9 (63.1 to 89.0) 60.2 (55.3t067.4)

*Wilcoxon rank-sum test.
*Months since onset (95% confidence interval).
fLog-rank test.

gender and age at onset, we applied a Cox propor-
tional hazards model to each patient group. Gender
had no effect on survival in PMA or ALS. However,
the risk of death increased with age at onset (hazard
ratio [HR] = 1.038, 95% confidence interval [CI] =
1.012 to 1.064, p = 0.003 in PMA; HR = 1.042,
95% CI = 1.035 to 1.049, p < 0.0001 in ALS).
When we applied the model to all patients with PMA
and patients with ALS combined (n = 962), and
controlled for gender and age at onset, patients with
ALS were at greater risk of death (HR = 1.737, 95%
CI = 1.330 to 2.268; p < 0.0001).

The duration from symptom onset to diagnosis
was longer in PMA (table 1). The Cox models for
survival time after diagnosis revealed that when gen-
der and age at diagnosis were controlled for, the du-
ration from symptom onset to diagnosis was
unrelated to the risk of death in PMA, whereas in
ALS the risk of death decreased as the duration dou-

Figure 1 Kaplan-Meier survival curves for amyotrophic lateral sclerosis and

progressive muscular atrophy
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The 2 survival curves differed (log-rank test, p = 0.01).
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bled (HR = 0.812, 95% CI = 0.759 to 0.867; p <
0.0001).

PMA with and without later appearance of UMN
signs. During follow-up, 20 of the 91 patients with
PMA developed UMN signs; thus, by definition,
these patients had ALS with LMN onset; 14 of the
20 died. Among those with delayed UMN signs, the
time to appearance of the first UMN signs ranged
from 0.5 to 61.3 months. The median was 8.5
months and the upper quartile 25.4 months, indicat-
ing that, if UMN signs developed, they tended to
appear within 2 years of diagnosis.

As table 2 shows, patients who developed UMN
signs had PMA symptom onset at a younger age (p =
0.01). The same patients had a shorter duration be-
tween onset and diagnosis, so the age at diagnosis also
was younger (p = 0.007). However, there was no dif-
ference in gender or other clinical characteristics. In
more than half of the PMA patients with MRS studies
(19 of 32) and in one third of patients with TMS stud-
ies (9 of 28), the changes suggested UMN involvement
based on reduced N-acetylaspartate on MRS and pro-

longed central motor conduction time on TMS.51

Predictors of survival in PMA. We examined the im-
pact on survival in PMA of UMN signs and the fac-
tors associated with survival in ALS (table 2). The
Cox model revealed that the presence of UMN signs
was unrelated to survival time after diagnosis when
controlling for gender and age at diagnosis (HR =
1.129, 95% CI = 0.579 t0 2.202; p = 0.72).

The mortality rates did not differ significantly,
regardless of the number of body regions affected at
diagnosis (table 2). However, the survival curves for
time from diagnosis to death differed according to
the number of regions involved (log-rank test, p =
0.003), with the worst survival in the group with 5 to
6 affected regions. The Cox model revealed that the
risk of death grew as the number of affected regions
increased (p = 0.009; table 3, model 1). The FVC
was evaluated in 69 PMA patients and correlated
with the number of regions affected (r = —0.40, p =
0.0008) and with the ALSFRS-R score at diagnosis
(n =45, 7= 0.33, p = 0.03), but was not related to
age at diagnosis or time from symptom onset to diag-
nosis. When we analyzed the FVC (expressed as the
percent of expected FVC) using the median value of
79% as a cutpoint, those with an FVC >79% had
longer survival (p = 0.0005; figure 2). In the Cox
model, patients had a lower risk of death for every
unit of increase in the FVC (p = 0.002; table 3,
model 2). Only 45 of the 91 patients with PMA had
an ALSFRS-R score available at diagnosis (median =
38; range, 11 to 47) (table 2). Among patients with a
score above the median of 38, 14 of 21 died (66.7%),
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Table 2

Demographic and clinical characteristics of patients with

progressive muscular atrophy (PMA) with (n = 20) or without upper
motor neuron (UMN) signs (n = 71)

Variable
Gender, M/F
Died

Age at onset, y

Age at diagnosis, y

Duration, onset to diagnosis, mo

Regions involved
Cervical + lumbosacral
Bulbar
Respiratory
Regional features
No. of regions affected
Proximal involvement
Distal involvement
Symmetric involvement
Asymmetric involvement
FVC at diagnosis
FVC change/mo
ALSFRS-R at diagnosis
ALSFRS-R change/mo

Months, onset to death, median

(95% CI)

PMA + UMN signs*
% (n/number with
available data)

PMA % (n/number
with available data)

or mean = SD (n) or mean = SD (n) p Value
75% (53/71) 70% (14/20) 0.67*
66% (47/71) 75% (15/20) 0.46*
648117 588 +11.2 0.01*%
66.6 +11.3 60.0 +11.1 0.007%
22.7 £18.9 14.3 +10.6 0.05%
88% (58/66) 90% (18/20) 0.87*
9% (6/66) 5% (1/20)

3% (2/66) 5% (1/20)

3.5+1.3(70) 3.0 +1.2(20) 0.14+%
20% (10/50) 25% (4/16) 0.738
80% (40/50) 75% (12/16)

15% ( 8/55) 20% (3/15) 0.698
85% (47/55) 80% (12/15)

77.6 = 20.8(49) 80.4 + 26.9 (20) 0.65%
-19+21(34) -1.26 +1.1(19) 0.34%
37.0+7.0(27) 36.3 =6.2(18) 0.44%
-0.7=04(22) -1.0=x12(15) 0.91+#
47.2(44.0-57.0) 63.2(35.4-70.9) 0.66%

*Lower motor neuron onset amyotrophic lateral sclerosis.

*Chi-square test.
#Wilcoxon test.
SFisher exact test.

FVC = forced vital capacity; ALSFRS-R = ALS Functional Rating Scale-Revised.

whereas of those with a score of 38 or less, 20 of 24
(83.3%) died (Fisher exact test, p = 0.30). The Cox
model revealed that an ALSFRS-R score =38 tended
to be associated with a greater risk of death (p =

0.047; table 3, model 3).

To examine the simultaneous effect of multiple
risk factors, we first included the FVC and number
of affected regions in the model while controlling for
age at diagnosis (n = 69). Model 4 (table 3) showed
that greater FVC was still related to survival time
(p = 0.01), whereas the impact of the number of
regions became insignificant. The Cox model includ-
ing the 3 predictors of FVC, number of regions, and
ALSFRS-R showed the effect of FVC remained sig-
nificant (table 3, model 5).

Medical management in PMA and ALS. In PMA pa-
tients without UMN signs, 10% (7/71) received
PEG, not significantly different from those with
UMN signs (15%, 3/20). In contrast, NIV was used
in 30% (21/71) of PMA patients without UMN
signs, but less than 60% (12/20) of patients with
later UMN signs required it (p = 0.03). Neither
PEG nor NIV predicted survival time after diagnosis.
In comparison, PEG was used in 7.5% (65/871) of
patients with ALS, which did not differ from use in
all patients with PMA (11%, 10/91; p = 0.32); how-
ever, fewer patients with ALS were treated with NIV
(15.8% in ALS vs 36.3% in PMA; p < 0.0001),
probably because a large number of patients with
ALS were in the early stages of ALS.

DISCUSSION Survival time was the main difference
we found between PMA and ALS. Median survival
in patients with PMA was 12 months longer than in
those with ALS for up to 77 months after onset. Few
studies have directly compared survival in PMA and
ALS." Other differences included older age at onset
and marked male predominance in PMA. Sex differ-
ences are also seen in other MND disorders, including
ALS, flail 16,17,18

onset ALS,?® and benign monomelic amyotrophy

arm syndrome, respiratory-
(Hirayama disease),”'*? being seen much more often
in men, whereas bulbar-onset ALS is much more

common in women.?> One of the most consistent

Table 3

for age at diagnosis

No. of regions HR

Hazards ratio (HR) for 3 clinical predictors of survival after diagnosis derived from Cox proportional hazards models controlling

ALSFRS-R =38vs >38 HR Age at diagnosis

Model (dead/total)

Model 1: affected regions (62/90)
Model 2: FVC (50/69)

Model 3: ALSFRS-R (34/45)

Model 4: FVC and affected regions (50/69)

(95% CI)
1.304%(1.069, 1.591)

1.176(0.935,1.478)

FVCHR (95% ClI)

0.976'(0.962, 0.991)

0.980%(0.965, 0.996)

(95% CI)

2.085%(1.009, 4.310)

HR (95% CI)
1.036%(1.012,1.061)
1.0321(1.006, 1.058)
1.039%(1.005, 1.075)
1.037*(1.010, 1.066)

Model 5: FVC, affected regions, and

ALSFRS-R (33/44)

*p < 0.01.
*p < 0.005.
*p < 0.05.
8p < 0.07.

1.293(0.922,1.814)

0.979%(0.961, 0.998)

1.735(0.791, 3.806) 1.0358(0.997,1.073)

FVC = forced vital capacity; ALSFRS-R = ALS Functional Rating Scale-Revised; Cl = confidence interval.
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epidemiologic findings in ALS is that patients diag-
nosed at an older age have shorter survival.!>4?> Our
data reaffirmed this in ALS, and we also found it to
be true in PMA.

Our survival estimate for PMA was much shorter
than the mean survival of 200 (SE = 30) months
previously reported, but that study included only 17
cases of PMA." Comparable to our survival rates of
73.3% (SE = 4.8%) at 3 years and 40.7% (SE =
5.7%) at 5 years after symptom onset, survival rates
of 61.3% at 3 years and 56.4% at 5 years have been
recorded in 155 patients with PMA; however, the
differences imply that our patients had a shorter du-
ration of disease.?

More than 20% of patients with PMA develop
UMN signs at some time, and among those who do,
50% develop UMN signs within 1 year after LMN
symptom onset. Applying the El Escorial Diagnostic
Criteria, the diagnosis of these patients with PMA
who later develop UMN signs could simply be reclas-
sified as ALS or LMN-onset ALS.>* We found no
difference in the survival time between patients with
PMA who did or did not develop UMN signs. Ince
et al.,® however, found that patients originally diag-
nosed with PMA but who had UMN pathology at
autopsy had an aggressive, rapid course.

The El Escorial Criteria for diagnosis of ALS are
based on the number of nervous system segmental
regions (bulbar, cervical, thoracic, and lumbosacral)
involved. For example, when at least 3 of these seg-
mental regions show both UMN and LMN signs,
the diagnostic certainty is definite ALS; when 2 re-
gions are involved, it is probable ALS; and for 1 re-
gion it is possible ALS.>* Survival is shorter in

Neurology 73 November 17, 2009

definite or probable ALS than in possible ALS, indi-
cating that as more segmental regions are involved,
the shorter the survival is in ALS.?”?® Impaired FVC
or a lower ALSFRS-R score also predicts shorter sur-
vival in ALS.?%* We found that each of these factors
also was independently associated with shorter sur-
vival in PMA. However, when the simultancous ef-
fect of multiple risk factors was examined in patients
in whom all 3 factors were available, lower FVC was
most likely to predict shorter survival (table 3). Oth-
ers have reported similar trends.’* When PMA onset
occurs in the axial muscles, the disease is more ag-
gressive and more rapidly leads to the need for
respiratory care.'” Other investigators have also em-
phasized that low vital capacity at baseline and a
sharp decline in FVC during the first 6 months are
associated with shorter survival in PMA."

Based on the current ALS diagnostic criteria,®*
patients with PMA are excluded from current clinical
trials because of slow progression, long survival, and
absence of UMN signs. Based on our large sample
size, we can conclude that patients with PMA indeed
lived longer than those with ALS. However, few dif-
ferences were found between PMA with or without
later UMN signs, suggesting that ALS and PMA
share the clinical spectrum of the same disease, as
suggested almost 5 decades ago.? Further, it is not
possible to distinguish the 2 conditions based on in-
dividual prognosis or need for multidisciplinary care.

Postmortem pathology, neuroimaging, and TMS
studies suggest that UMNs and the corticospinal
tracts are affected in more than half of patients with
PMA.>1° Our neuroimaging and electrophysiologic
findings also support these findings. Therefore we
suggest modifying the current El Escorial diagnostic
criteria so that patients with PMA can participate in
clinical trials.

We also recommend incorporating the number of
affected body regions into the definition of PMA.
PMA with one affected body region, as seen in the
flail arm and leg syndromes'®!”!® or monomelic

21,22

amyotrophy,?"** should be considered separately be-
cause progression in these syndromes is much slower
than in other MNDs.?!%2 The distribution and num-
ber of regions involved in LMN disease affect prog-
nosis in PMA,'>2¢ as confirmed in this study.
Secondly, the disease should become progressively
more severe, as documented clinically and also by
FVC or ALSFRS-R changes.*?

Whether PMA is indeed ALS in a particular pa-
tient cannot be resolved until autopsy proves that it is
ALS or, alternatively, a reliable biomarker is found
that can distinguish ALS from PMA. Currently, pa-
tients are frustrated, and clinical trialists often feel

compelled to find “soft” UMN signs. Clinical criteria
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for trial eligibility that would include more patients
and a wider range of ALS forms might help identify
drugs that have a broader effectiveness in ALS.

Because this study was retrospective and based on
one ALS Center, generalization of the results might
be limited. Nevertheless, we included all cases, except
for the 45 ALS cases missing survival data, and be-
lieve the study results are valuable because of the
large number of patients analyzed.
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