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Abstract

Myelodysplastic Syndrome (MDS) is a common blood dyscrasia that mainly affects the elderly population. Several prognoQ
scores are available utilizing blood count variables and cytogenetic abnormalities, targeting the disease rather than the patient.
Sarcopenia and frailty are associated with shortened survival rates in various disease states. Low Alanine Aminotransferase (ALT)
levels are a marker of lowered muscle mass and frailty status. This study aimed to examine the correlation between low ALT levels
and prognosis in MDS patients. This is a retrospective cohort study. We obtained the demographic, clinical, and laboratory data
of patients in a tertiary hospital. Univariate and multivariate models were used to investigate the potential relationship between low
ALT level and survival. The final study included 831 patients (median age 74.3 years, Interquartile range 65.6-81.8), and 62% were
males. The median ALT level was 15 international units (IU)/L and 233 patients (28%) had low ALT levels (<12 IU/L). Univariate
analysis showed that low ALT levels were associated with a 25% increase in mortality (95% confidence interval [Cl]: 1.05-1.50,
P =.014). A multivariate model controlling for age, sex, body mass index, hemoglobin and albumin concentrations, and low ALT
levels was still significantly associated with increased mortality (hazard ratio [HR] = 1.25, 95% CI: 1.01-1.56, P = .041). Low ALT
levels were associated with increased mortality among patients with MDS. Impact: Using ALT as a frailty metric may allow patient-
centered, personalized care in this patient population. A low ALT level reflects the pre-morbid robustness of patients and is not
intended to replace disease-centered characteristics.

Abbreviations: ALT = alanine aminotransferase, Cl = confidence interval, CVD = cardiovascular disease, Fl = frailty index, FIM
= functional independence measure, HR = hazard ratio, IPSS = International prognostic scoring system, IU = international units,

MDS = Myelodysplastic Syndrome, PD = Parkinson disease.
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1. Introduction

1.1. Myelodysplastic syndrome (MDS) patients’ prognosis
and treatment personalization

MDS is a group of diverse pathological entities, and several
classification systems exist for the staging,!! prognostication,?
and treatment personalization of these patients.>* The overall
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prognosis of patients with MDS is poor, and the application of
hypomethylating agents, which potentially prolong patients’
lives, is based on the classification of these patients into low-
and high-risk groups.”! Such patient grouping, namely person-
alization of disease management, should consider, for example,
the patient age, since a poor prognosis of MDS is especially
apparent in patients over the age of 60 years.! In addition, the
patient risk of cardiovascular disease (CVD) and subsequent
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mortality should be considered, as among low-risk MDS
patients, CVD is the second most common cause of death.
Alonso-Fernandez-Gatta and co. characterized several bio-
markers for increased risk of MDS death from CVD causes,!”!
one of which is NT-Pro Brain Natrium uretic peptide periph-
eral blood concentration. Such biomarkers are investigated
and future ones are sought since there is place for improve-
ment of the prognostic evaluation of MDS patients.

MDS is heterogeneous in its clinical manifestations and can
affect patient OS, making it difficult to measure its exact out-
comes. A prognostic scoring system can help physicians make
informed decisions regarding the treatment of patients, and
is currently used to evaluate the prognosis of patients with
MDS.® Some of these scoring systems are based on study-
ing each patient cytogenetic determinants, such as the dele-
tion of 5@,'” while others address mutated oncoproteins.!'!!
Notwithstanding the above, even after adding the patient dis-
ease-centered characteristics to the prognostication process,
there is still a need to improve the personalization of the overall
management of MDS patients. Starkman et al published a frailty
index (FI) for MDS patients. Their FI relies on the accumulated
42-items test results, and although validated, it is cumbersome
for routine clinical use.l'?! Improving the personalization of
prognosis means that the scoring system should incorporate
more “patient” characteristics rather than “disease” charac-
teristics. The widely used Revised International Prognostic
Scoring System (R-IPSS) is heavily based on disease characteris-
tics, whereas frailty of patients is less considered.!"! We sought
to find a new biomarker that would be complementary to the
aforementioned biomarker and could be used even before the
exact disease and cytological characteristics are evident.

1.2. Sarcopenia and frailty as part of personalized
medicine of elderly patients

Sarcopenia and frailty assessment are common and consensual
aspects of geriatric medicine."*'¢l It could be stated that in this
clinical discipline, sarcopenia and frailty are already the face of
“personalized medicine,” several steps ahead of other non-geriatric
medical domains. In their study of frail, elderly patients, de Vries
and co. defined a special physical therapy, intended to reduce frailty,
as “patient-centered”—only a step from defining this intervention
as personalized medicine, as it should be described.!'”! Studies have
already shown that sarcopenia and frailty are widespread in the
elderly population, approximately one-tenth of community-dwell-
ing older individuals!"® and over 40% on admission to geriatric
rehabilitation, which has a potential negative impact on rehabili-
tation outcomes.>?! Many studies have detailed the association
between sarcopenia and increased risk of all-cause mortality?!!
and many have dealt with the impact of sarcopenia and frailty
on patients suffering from diseases that are typically related to
aging. Examples of such associations can be found in patients with
Parkinson disease (PD). In patients with PD, sarcopenia and frailty
were found to be highly prevalent and associated with a higher
disease burden.?? Arterial hypertension is a common chronic dis-
ease in the elderly population. In patients with hypertension, frailty
has been found to be associated with an increased prevalence of
end-organ damage.?’! Sarcopenia has also been associated with a
higher risk of nonalcoholic liver disease.**! Sarcopenia and frailty
are very common in patients with devastating Alzheimer dementia,
and geriatric interventions are recommended to address these diag-
noses in patients with Alzheimer disease patients.*’!

1.3. Alanine aminotransferase (ALT) as a marker for
sarcopenia

ALT is an intracellular transaminase enzyme that catalyzes the
conversion of a-keto acids into amino acids via the transfer of
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amino groups. Hence, it plays a crucial role in essential meta-
bolic pathways such as glycolysis and gluconeogenesis, mainly
in the liver and skeletal muscles.?’ Low ALT was previously
suggested as a biomarker for sarcopenia, clinically manifested
as frailty, and subsequent increased risk of hospitalization and
mortality. When diverse patient populations were compared in
the same age group,?”-?I the general population of hospitalized
patients, elderly individuals prior to rehabilitation due to stroke,
heart failure patients in general, and those directed to cardiac
rehabilitation, ischemic heart disease patients, patients suffer-
ing from atrial fibrillation, and other patient groups. Low ALT
was not only found to be associated with dismal outcomes; it
was also demonstrated to have a statistically significant correla-
tion with other measures of sarcopenia and frailty, such as the
FRAIL score and the L3SMI (striated muscle index at the level
of the 3 lumbar vertebra) scorel**** derived from analyzing
tomographic imaging of patients. Low ALT and frailty predict
reduced survival in patients with solid malignancies and poorer
patient outcomes, either candidates for surgery or conservative
approaches. Previous studies have shown that comorbidities and
frailty can predict outcomes in patients with MDS. However, no
previous study has addressed the potential association between
low ALT levels among patients with MDS and potentially short-
ened survival.

In this study, we aimed to investigate, through a retrospective
analysis of patients’ electronic medical records, the association
between low ALT levels and increased long-term mortality in
MDS patients. Our goal was to enable a simple and effective tool
to be assimilated into future prognostication tools for patients
with MDS. We aimed to establish a complementary prognos-
tic tool for the current application of R-IPSS and MDS-FI, as
described previously.

2. Patients and methods

2.1. Patients’ characteristics and flow

The patient population in the current study included patients
with MDS who were treated (either as outpatients or hospital-
ized) at the Chaim Sheba Medical Center, the largest tertiary
medical center in Israel. Part of them were newly diagnosed
in our center and some were referred from smaller, peripheral
hospitals. All patient characteristics were obtained from the
electronic medical records. These records are routinely used for
patient diagnosis and therapy, and are therefore considered reli-
able and appropriate for patient data retrieval. Prior to patient
data collection, the study was approved by the institutional
review board (#SMC 9806-22). A total of 1382 MDS patient
records were identified, of which only 1179 MDS patients had
recorded ALT values during the time they were first admitted.
Among these patients, only 1050 had ALT levels below the stan-
dard upper limit of 40 international units (IU). We excluded
patients with ALT levels higher than 40 TU because these levels
are primarily associated with ALT originating from damaged
liver tissue (various types of acute and chronic hepatitis) rather
than serving as a reliable marker for striated muscle mass. Only
831 patients with MDS had ALT levels within the normal range,
30 days after their primary MDS diagnosis was established.
Notably, ALT values were available for sarcopenia and frailty
assessments prior to the availability of disease-centered charac-
teristics required for R-IPSS staging. Figure 1 shows the patient
consort flow and exclusion diagrams. The final data analysis
was performed on 831 patients with MDS whose complete data
were available. The patients’ baseline demographic (age and
gender) and clinical data (ALT blood activity level, body mass
index; body-mass index, background diseases: chronic obstruc-
tive pulmonary disease; Chronic obstructive pulmonary disease
and congestive heart failure; Congestive heart failure, labora-
tory parameters: Albumin, Hemoglobin, Platelets and Estimated
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Figure 1. Consort flow diagram of patients.

glomerular filtration rate) were retrieved from the electronic
medical records (EMR). The primary outcome was all-cause
mortality. Survival data were available for all participants in the
Israeli Population National Registry.

2.2. Statistical analysis

Continuous variables were expressed as mean = standard devia-
tion if normally distributed or median with interquartile range if
skewed. Normality was determined using the Anderson-Darling
and Shapiro-Wilk tests. Categorical variables are presented as
frequencies (%). Continuous data were compared using the
Student ¢ test, variables that were non-normally distributed
were tested using the Kruskal-Wallis test and categorical data
were compared using the chi-square or Fisher exact test. The
log-rank test was used to analyze survival, which was depicted
using Kaplan—Meier curves. Univariate Cox regression model-
ing was used to determine the unadjusted hazard ratio (HR)
for the primary outcome and a multivariate model was con-
structed to examine the correlation and control for possible
confounders. An association was considered statistically signifi-
cant for a 2-sided P value of <.05. All analyses were performed
using the R software version 4.1.0 (R Foundation for Statistical
Computing).

3. Results

The final study population included 831 patients with a median
age of 74.3 years (interquartile range 65.6-81.8), and 62 % were
males. The mean time for follow-up was 29.4 months (medi-
cal 14.4 months). The median ALT levels in the study popula-
tion were 15 TU/L, and 233 patients (28 %) had low ALT levels,
defined as levels lower than 12 IU/L. Males comprised only
55% of patients with low ALT levels, while their proportion
was higher (64 %) among patients with ALT values >12IU/L (P =
.025). Patients with low ALT values also had lower albumin val-
ues 3.6 (3.2-3.9) versus 3.7 (3.3-4), (P value = .008) and lower
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hemoglobin values 9.15 (8.16-10.23) versus 9.47 (8.45-10.66),
(P value = .003). Other patient demographics and characteris-
tics were detailed according to ALT levels (lower or = 12 TU/L)
(Table 1).

3.1. Univariate analysis

Univariate analysis showed that low ALT levels were associated
with a significant 25% increase in mortality (95% confidence
interval [CI]: 1.05-1.50, P = .014). Figure 2 shows the Kaplan—
Meier curve for crude survival analysis according to ALT levels.

3.2. Multivariate analysis

In a multivariate model (Table 2) we opted to use variables that
were either significantly different among the population or of
known prognostic implications among patients with MDS. The
analysis was controlled for age, sex, body mass index, hemo-
globin level, white blood cell count, platelets, and albumin con-
centration, low ALT levels were still associated with increased
mortality (HR = 1.27, 95% CI: 1.02-1.58, P = .030).

4. Discussion

While reviewing the current literature for evidence supporting
personalized medicine for MDS patients, the terms “personal-
ized” and “precise” are frequently used interchangeably. For
example, in their review of “personalized medicine for TP53
mutated MDS and acute myeloid leukemia,®! the authors
named the precision and targeted therapy for TP53 as “person-
alized.” Indeed, the quest for better suitability of therapy will
lead to better disease targeting. Nevertheless, their findings do
not align with personalized therapy for patients. Instead, they
have improved the precision of targeted therapy. Although the
fact that their better targeted therapy will increase treatment
efficacy, it will not necessarily be well tolerated by frail patients
with MDS. In her recent review “Advances in myelodysplastic
syndrome,” Valeria Santini screened recent advancements in
targeting molecular biomarkers of this disease.*! It seems that
alongside such research advancements, little is known about per-
sonalizing treatment according to the frailty/robustness poten-
tial of the patient. Disease-centered classification systems, such
as R-IPSS,!"3! include cytogenetic parameters that are unknown
upon patient admission and are less concentrated on the patient
baseline robustness. Other frailty-centered evaluation tools,
such as the MDS-IF scale,!"?! are cuambersome and less attractive
for real-time evaluation of newly diagnosed MDS patients.

Frailty, as the phenotypic and functional translation of sar-
copenia, significantly affects patients’ potential to fight back
disease, both acute and chronic. Starting from Morley classic
descriptions of sarcopenia and frailty,?”! sarcopenia and frailty
assessment into the personalization of medical therapy is well
established through the consensus statements of the European
innovation partnership on active and healthy aging.*® Our
group, as well as others, have previously established an asso-
ciation between low peripheral blood levels of ALT and lower
mass of skeletal striated muscle. ALT, also known as serum glu-
tamic pyruvic transaminase, is a fundamental enzyme that plays
a key role in the intermediary metabolism of glucose and amino
acidsP®>* (Fig. 3).

ALT catalyzes a bidirectional molecular process in vari-
ous tissues, including skeletal muscles and the liver. As ALT
activity in the liver is approximately 3000 times higher than
that in the serum, its main purpose in clinical settings is to
rule out—and assess, as in the case of hepatitis—hepatocel-
lular injury from various causes. The amount of ALT in tis-
sues other than the liver, such as the skeletal muscle tissue,
is much lower.*"! The catalytic activity of ALT is facilitated
by P-5-P, Pyridoxal 5 phosphate, a metabolic derivative of
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Patients’ characteristics according to ALT level.

Patient characteristic ALT <12 IU/L ALT > 12 IU/L

N =831 N =223 (28%) N = 608 (72%) Pvalue
ALT (U/L), median (IQR) 9 (7-10) 18 (14-24) <.001
Age (yr), median (IQR) 74.7 (65.5-83.5) 74 (65.5-81.1) 258
Male, N (%) 123 (55) 389 (64) 025
BMI, median (IQR) 24.65 (22.3-27.9) 26.1(23.2-29.1) 012
COPD, N (%) 10 (4.5) 26 (4.3) 1

CHF, N (%) 19(8.5) 50 (8.2) 1
Albumin (g/dL), median (IQR) 3.6 (3.2-3.9) 3.7 (3.3-4) .008
Hb (g/dL), median (IQR) 9.15(8.16-10.23) 9.47 (8.45-10.66) .003
PLT (107\9/L), median (IQR) 100 (44-183) 106 (45-183) 816
EGFR (mL/min), median (IQR) 66.2 (43.7-86.6) 68.7 (49.4-88.2) 31

ALT = alanine aminotransferase, BMI = body mass index, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, EGFR = estimated glomerular filtration rate, Hb = hemoglobin, IU

= international units, IQR = interquartile range, PLT = platelet.

Univariate survival analysis

1.004
0.751
0.501
0.251
0.001
0 1 2 3 4 5 6 7 8 9 10
Years
Number at risk
Nommal ALT Levels| 608 344 252 191 144 112 89 68 48 30 26
Low ALT Levels 223 123 69 45 35 27 21 14 11 6 3
0 1 2 3 4 5 6 7 8 9 10
Years

Figure 2. Kaplan Meir survival analysis according to ALT levels. ALT = alanine aminotransferase.

Multivariate analysis.

Multivariate analysis

Hazard ratio P
ALT <12 UL 1.27 [1.02, 1.58] 030
Male gender 1.20[0.98, 1.48] .081
Age 1.03 [1.02, 1.04] <.001
Body mass index 1.00[0.98,1.02] 873
Hemoglobin < 14 gr/dL 1.4510.64, 3.26] .369
Albumin < 3 gr/dL 1.87[1.38,2.51] <.001
White blood cells/mcl 1.02[1.01,1.02] <.001
Platelets/mcl 1.00 [1.00, 1.00] <.001

ALT = alanine aminotransferase, IU = international units.

vitamin B6, which acts as a co-factor for this enzyme. The
upper limit of normal for ALT peripheral blood activity was
approximately 40 IU. Above this level of activity in the blood,

it is assumed that ALT is released from cellular tissues (mainly
liver hepatocytes); therefore, ALT levels > 40 IU should not
be interpreted in relation to muscle mass, sarcopenia, and
frailty. Consequently, patients with ALT measurements should
be evaluated using methods other than ALT levels and were
excluded from this study.

After preliminary publications associated low ALT levels with
lower skeletal muscle mass and increased long-term mortality in
the older population,“>#!l several publications have described
a more comprehensive association between decreased levels of
ALT activity in the peripheral blood, sarcopenia, frailty, and
an increased risk of all-cause mortality in middle-aged, het-
erogeneous populations. In addition, associations were found
between low ALT levels as a marker for the above parameters
and a decreased potential for patients’ rehabilitation processes.

Le Couteur and co. investigated the possible relationships
between blood tests for liver function and injury (such as
ALT) on the 1 hand, age, frailty, and survival.*?! This study
included 1673 community-dwelling men aged >70 years. They
found that ALT blood activity was lower in older participants.
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Figure 3. ALT (SGPT) activity (asterisk) in the liver and skeletal muscle catalyzes the bidirectional transformation of Alanine and Pyruvate. ALT = alanine amino-

transferase, SGPT = serum glutamic pyruvic transaminase.

Participants with ALT below the median at baseline had
reduced survival (HR 2.10, 95% CI:1.53-2.87) by up to 4.9
years. In addition, they found that low ALT levels were associ-
ated with frailty (odds ratio 3.54, 95% CI: 2.45-5.11), and the
relationship between ALT levels and survival disappeared once
frailty and age were included in the survival analysis. Their
findings reinforced the idea that low ALT activity is a predic-
tor of reduced survival, associated with frailty and increasing
age. In a retrospective cohort study, Gringauz and co. studied
the association between low ALT levels and poor rehabilita-
tion outcomes after the operative repair of hip fractures.?°! In
a retrospective analysis of 490 elderly patients (over 60 years,
mean 82.9+6.7 years) admitted to rehabilitation following hip
fracture surgery, of whom 82% were women, rehabilitation
outcomes were assessed by Functional Independence Measure
(FIM) scores. Patients with ALT blood levels of > 40 IU/I
were excluded from the study. The cohort was divided into 2
groups: patients with ALT of more than 10 U/l and patients
with ALT of less than or equal to 10 IU/l. Upon rehabilitation
discharge, the FIM outcome measures (motor, cognitive, gain,
and efficiency) were significantly higher in patients with ALT
levels > 10 TU/I relative than in patients with ALT levels < 10
IU/I (P < .05). Logistic regression analysis adjusted for age and
sex showed that patients with ALT levels > 10 TU/l were more
likely to have higher total FIM scores, cognitive FIM scores,
and FIM efficiency when discharged. The authors concluded
that high-normal ALT blood levels prior to rehabilitation were
associated with better outcomes in older adults after hip frac-
ture surgery. Peltz-Sinvani and co. performed a retrospective
analysis of the BIP (Bezafibrate Infarction Prevention) study
with regard to the association between low ALT levels and
long-term mortality.”” The analysis included 6575 patients
without known liver pathology, who were followed up for a
median period of 22.8 years. The cumulative probability of all-
cause mortality was significantly higher in the low-ALT group
than patients the higher ALT levels (65.6% vs 58.4%; log-rank
P < .001). Multivariate analysis adjusted for multiple other
well-established predictors of mortality showed that low ALT
level was independently associated with an 11% greater long-
term mortality risk (HR: 1.11, 95% CI: 1.03-1.19; adjusted P
< .01]). The authors concluded that low ALT levels were asso-
ciated with increased long-term mortality among middle-aged
patients with stable coronary heart disease. Ramati and co.
conducted a large-scale retrospective survey of 96,726 patients
hospitalized in various departments of a tertiary general hos-
pital.! They found that low ALT levels were common in this

large, heterogeneous population; over 1-third of hospitalized
patients had low ALT activity in their blood samples.

The above findings of previous studies provide significant
support for the need to assimilate ALT level examination as
part of each elderly population of either the diseased or healthy
population. Patients with MDS were not excluded from the
study. The usability of ALT measurements in the population of
patients with MDS should be considered because most have not
presented the exclusion criteria for using ALT as a biomarker
for sarcopenia (e.g., advanced kidney failure, active or chronic
hepatitis, and dependence on the regular usage of anti-PD medi-
cations). In most cases, disease in the elderly makes MDS highly
suitable for implementing scoring systems intended to diagnose
frailty and sarcopenia. Unfortunately, elderly MDS patients are
no less elderly than the general MDS patient population; there-
fore, they are eligible for frailty diagnosis based on sequential
ALT measurements, among other parameters.

5. Conclusions

After exclusion of a minor portion of MDS patients (those with
signs of biochemical hepatitis, advanced renal insufficiency, and
use of dopaminergic and anti-Parkinson medications), low ALT
values measured during the initial MDS diagnosis were found
to be associated with shortened survival of MDS patients. This
finding was demonstrated both in the crude survival analysis
and in univariate and multivariate analyses. The high availabil-
ity of ALT measurements makes them a good tool for prognosti-
cation and a good candidate for future assimilation into scoring
systems aimed at personalizing MDS patient therapy. It must be
stated that low ALT reflects the pre-morbid robustness/frailty
status of patients rather than their disease characteristics, which
should be included in the overall assessment of patients with
MDS.

5.1. Limitations

This was a single-center retrospective study. Therefore, the
generalization of these findings should be sought. In addition,
ALT measurements should be implemented in larger and more
diverse MDS populations before assimilation into the interna-
tional prognostic standards and tools. Our study focused on the
personalization of prognosis rather than on precise medicine.
Therefore, we did not include IPSS cytogenetics in our analy-
sis. Prognostication methods that consider these factors are
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important and will continue to be the cornerstone in the treat-
ment of patients with MDS.
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