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Simple Summary: This article describes the results of a study that checked the association between
low levels of ALT (an enzyme) in the blood and the outcomes of patients suffering from bladder cancer.
Low ALT blood concentrations are known to be associated with a low, whole-body muscle mass. This
state is defined as “sarcopenia” and is associated with frailty and worse outcomes. Indeed, we found
that low ALT levels were associated with shortened survival. This finding is important for physicians
when they plan the treatment for their patients. It is assumed that frail patients might experience
worse results from aggressive management. This approach is called “personalized medicine”.

Abstract: Background. Sarcopenia is characterized by the loss of muscle mass and function and is
associated with frailty, a syndrome linked to an increased likelihood of falls, fractures, and physical
disability. Both frailty and sarcopenia are recognized as markers for shortened survival in a number
of medical conditions and in cancer patient populations. Low alanine aminotransferase (ALT)
values, representing low muscle mass (sarcopenia), may be associated with increased frailty and
subsequently shortened survival in cancer patients. In the current study, we aimed to assess the
potential relationship between low ALT and shorter survival in bladder cancer patients and survivors.
Patients and Methods. This was a retrospective analysis of bladder cancer patients and survivors, both
in and outpatients. We defined patients with sarcopenia as those presenting with ALT <17 IU/L.
Results. A total of 5769 bladder cancer patients’ records were identified. After the exclusion of
patients with no available ALT values or ALT levels above the upper normal limit, the final study
cohort included 3075 patients (mean age 73.2 & 12 years), of whom 80% were men and 1362 (53% had
ALT < 171U/L. The mean ALT value of patients within the low ALT group was 11.44 IU/L, while
the mean value in the higher ALT level group was 24.32 IU/L (p < 0.001). Patients in the lower ALT
group were older (74.7 vs. 71.4 years; p < 0.001), had lower BMI (25.8 vs. 27; p < 0.001), and their
hemoglobin values were lower (11.7 vs. 12.6 g/dL; p < 0.001). In a univariate analysis, low ALT
levels were associated with a 45% increase in mortality (95% CI 1.31-1.60, p < 0.001). In a multivariate
model controlling for age, kidney function, and hemoglobin, low ALT levels were still associated
with 22% increased mortality. Conclusions. Low ALT values, indicative of sarcopenia and frailty, are
associated with decreased survival of bladder cancer patients and survivors and could potentially be
applied for optimizing individual treatment decisions.
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1. Background
1.1. Personalized Medicine for Cancer Patients and Survivors

Clinical tools for the assessment of a patient’s physiological status are important for
treatment decision-making and estimation of prognosis for both cancer patients and cancer
survivors. This paradigm is called “personalized medicine”. The American Cancer Society
and others do not clearly distinguish between precise and personalized medicine, stating
both as “a way health care providers can offer and plan specific care for their patients,
based on the particular genes, proteins, and other substances in a person’s body” [1,2]
others make a difference: while precision medicine focuses on pathologic elements and
disease molecular and histological characteristics, personalized medicine focuses on aspects
of the human physiology and the pre-morbid background of patients [3,4]. Means and
practical clinical tools for such a “gestalt” approach to patients are advocated and used:
the Eastern Cooperative Oncology Group performance status (ECOG-PS) and Charlson
comorbidity index (CCI) in surgical candidates are commonly used tools [5,6]. However,
those tools are generally based on caregivers’ subjective assessments and are more difficult
to define and standardize. Amongst other tools for treatment personalization, there are
several tangible, quantitative measures for personalized patient appreciation that target the
realm of sarcopenia and frailty.

1.2. Sarcopenia and Frailty in the Realm of Personalized Oncology

Sarcopenia is characterized by the loss of muscle mass and function and is asso-
ciated with frailty, a syndrome that leads to an increased likelihood of falls, fractures,
physical disability, recurrent hospitalizations, and mortality [7-10]. In cancer patients,
recognition of sarcopenia and frailty improves the selection of robust patients eligible for
more aggressive therapies such as major surgery and chemotherapy [11,12]. Both frailty
status and sarcopenia have been identified as markers for shortened survival in cancer
patients [13]. The assessment of sarcopenia and frailty could, therefore, be a way towards
personalized medicine.

1.3. The Case for Bladder Cancer Patients

In the year 2020, bladder cancer was diagnosed in approximately 573,000 patients
worldwide, with 213,000 reported deaths. It is four times more common in men than in
women, making it the 6th most common cancer in men. Smoking is a major risk factor
for bladder cancer, and other factors, such as occupational exposure, may be major causes
in some populations [14]. Bladder cancer more commonly affects elderly patients with
significant comorbidity and lower performance status [15], making these patients highly
prone to the devastating effects of sarcopenia and frailty. Detection and follow-up in bladder
cancer are currently based on cystoscopy, but data on markers are promising [16]. Non-
invasive tumors are treated with endoscopic resection and intravesical therapy, whereas
in patients with muscle-invasive disease, radical cystectomy (RC) is the gold standard of
treatment [17]. Platinum-based chemotherapy is often used in neoadjuvant, adjuvant, and
metastatic settings [18]. Subjective measures such as comorbidity and performance status
predict surgical outcomes as well as shortened survival after RC [19,20]. Several studies
investigated more objective parameters, including sarcopenia and frailty in bladder cancer
patients. Both are prevalent in bladder cancer and are usually correlated with adverse
surgical outcomes and shortened survival [21-30]. There is still a need for an available
biomarker that could differentiate between frail and robust bladder cancer patients. This
tool should be readily available and enable good, independent differentiation between
these groups of bladder cancer patients.

1.4. Alanine Aminotransferase as a Biomarker for Sarcopenia and Frailty

Alanine aminotransferase (ALT) is an intracellular enzyme, abundant in the liver
parenchyma, commonly monitored in routine bloodwork. Its biochemical activity catalyzes
pyruvate to alanine in the skeletal muscle and alanine to pyruvate in the liver [31]. As



Cancers 2024, 16, 174

3of11

such, ALT could transform potential energy within muscle cells whenever pyruvate is not
fully assimilated into the Krebs cycle by exporting alanine to the lever, where it is once
again transformed by ALT to pyruvate and exploited as available energy. Elevated ALT
blood levels are used as a diagnostic marker of liver-tissue damage (hepatitis), but little was
known until recently regarding the clinical consequences of low -normal ALT blood levels.
During the past several years, our study group has repeatedly demonstrated that a low ALT
activity in the peripheral blood (measured in international units per liter), representing low
muscle mass (sarcopenia), is associated with shortened survival in middle-aged adults [32]
and in patients hospitalized for various causes [33,34]. In addition, low ALT values were
found to be associated with increased frailty and shortened survival in various cancer
patient populations [35]. The association between low ALT values, sarcopenia and frailty
parameters, and shortened survival were persistently found to be statistically significant
and independent of age, nutritional status, kidney functions, and significant comorbidities.
Therefore, low-normal ALT levels can be used as a surrogate marker for sarcopenia and
frailty and could be used as simple, accessible tools for clinicians in the mission of prognosis
and treatment plans’ personalization.

In the current study, we assessed the possible association between low serum ALT,
indicative of sarcopenia and frailty, and shorter survival in a large cohort of bladder
cancer patients and survivors. Our aim was to offer a new tool for urologists and on-
cologists treating these patients to be assimilated into their clinical routines as a tool of
personalized medicine.

2. Patients and Methods
2.1. Patients’ Characteristics

The current study included men and women diagnosed with bladder cancer who were
treated in a large, tertiary medical center as outpatients or inpatients. Patients underwent
either surgery, chemotherapy, immunotherapy, or local treatment. Following approval by
the local ethics committee (IRB approval # SMC-23-0737), including waiver on informed
consent as the study was retrospective, all patients’ characteristics, demographics, and other
relevant clinical data were retrieved from their electronic medical records. These are the
same medical records used for routine clinical management and are, therefore, considered
a reliable source of clinical information. We excluded patients with ALT levels higher than
40 IU (our institutional upper limit of normal ALT values) that are primarily associated
with damaged liver tissue (various types of acute and chronic hepatitis); therefore, they
could no longer be considered as a reliable marker for striated muscles” mass. The final
cohort includes patients with ALT levels that were established at the time of bladder cancer
diagnosis. The primary outcome of the current study was all-cause mortality. Survival
data were available for all subjects from the Israeli Population National Registry, which is
updated four times annually.

2.2. Descriptive Statistics and Analytical Methods

Continuous variables, when normally distributed, are shown as mean + standard
deviation (SD) or median with interquartile range (IQR) whenever skewed. We determined
the normality of variables using the Anderson-Darling and Shapiro-Wilk tests. Categorical
variables were presented as frequency (%). We compared continuous data with a student’s
t-test, and categorical data were compared using chi-square or Fisher exact tests. Survival
was analyzed using a Log-rank test and depicted using a Kaplan-Meier curve. We used
univariate Cox regression modeling to determine the unadjusted Hazard Ratio (HR) for
the primary outcome and a multivariate model for the correlation and control for possible
confounders. An association was considered statistically significant for a two-sided p value
lower than 0.05. Analyses were performed using R software version 4.1.0 (R Foundation
for Statistical Computing).
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3. Results

A total of 5769 bladder cancer patients’ records were identified, of whom 2694 patients
were excluded due to missing ALT values at baseline or ALT levels above the upper normal
limit of 40 IU/L. The final study population included 3075 patients, of whom 1632 would
be classified as patients with sarcopenia due to baseline ALT levels lower than 17 IU/L. the
cutoff point at 17 IU/L was predetermined according to results and reports by previous
clinical studies. Figure 1 details our patients” consort flow and exclusion diagram of
this study.

Alt< 171U
/ 1632
Final Cohort
3075 i
Initial Cohort / \ ALT 2 17 IU
5769 \ 1443
Excluded:
No ALT or ALT > 401U
2694

Figure 1. Consort flow diagram of patients.

The mean age for the entire cohort was 73.2 & 12 years, and 80% were men. Mean ALT
levels for the whole study population were 17.49 IU/L, and 1362 patients (53%) had low
ALT levels, defined as levels lower than 17 IU/L. Patients” demographics and characteristics
are detailed according to their ALT levels (lower or > 17 IU/L) in Table 1: patients with
lower ALT values were older (74.7 £ 11.8 vs. 71.4 £ 12.1 years; p < 0.001) and had lower
body mass index (BMI) values (25.8 £ 4.6 vs. 27 &+ 4.6; p < 0.001). Both age and BMI
correlations with lower ALT values are logical and reproduced in previous studies and,
therefore, serve as a reassurance for the authenticity of data. While there were no significant
differences in their background diagnoses (e.g., arterial hypertension, diabetes mellitus,
chronic obstructive heart disease, and stroke), patients with lower ALT values had lower
hemoglobin levels (11.76 4 2.15 vs. 12.61 + 2.12 g/dL; p < 0.001) and higher baseline
creatinine levels (1.44 £ 1.17 vs. 1.28 & 0.9 mg/dL; p < 0.001)—both, also, are recurring
evidence in previous studies.

Table 1. Patients’ characteristics according to ALT level.

Overall, N = 3075 ALT >17,N=1443 ALT<17,N=1632 p Value

ALT baseline; Mean (SD) 17.49 (8.06) 24.32 (6.29) 11.44 (3.06) <0.001
Patients” Demographics

Age [years; Mean (SD)] 73.2 (12) 714 (12.1) 74.7 (11.8) <0.001

Body-mass index (BMI) [Mean (SD)] 26.4 (4.6) 27 (4.6) 25.8 (4.6) <0.001

Male Gender N (%) 2474 (80) 1195 (83) 1279 (78) 0.002
Background diagnoses

Arterial hypertension—N (%) 1778 (58) 822 (57) 956 (59) 0.386

Diabetes Mellitus—N (%) 958 (31) 440 (30) 518 (32) 0.48
Dyslipidemia—N (%) 1280 (42) 628 (44) 652 (40) 0.049

Ischemic Heart Disease—N (%) 971 (32) 458 (32) 513 (31) 0.886
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Table 1. Cont.

Overall, N = 3075 ALT >17,N=1443 ALT<17,N=1632 p Value

Chronic Obstructive Pulmonary Disease—N (%) 365 (12) 176 (12) 189 (12) 0.638

Atrial Fibrillation-Flutter—N (%) 384 (12) 171 (12) 213 (13) 0.342

Stroke—N (%) 309 (10) 145 (10) 164 (10) 1
Laboratory parameters

Albumin g/dL—Mean (SD) 3.81 (2.42) 3.83 (1.59) 3.8(2.97) 0.686
Hemoglobin g/dL—Mean (SD) 12.16 (2.18) 12.61 (2.12) 11.76 (2.15) <0.001
Creatinine mg/dL—Mean (SD) 1.37 (1.05) 1.28 (0.9) 1.44 (1.17) <0.001

3.1. Univariate Analysis

In a univariate analysis, ALT levels lower than 17 IU/L were associated with a
45% increase in mortality (HR = 1.45, 95% CI 1.31-1.60, p < 0.001). Figure 2 shows a
Kaplan-Meir curve for the crude survival analysis according to ALT levels. The separation
of curves occurred early along the follow-up and was continuously statistically significant.

Survival in unmatched population

Strata — ALT=17 — ALT <17

1.001
2
a 0.751
Q0
[<]
8 0507
®
=
g 0 p <0.0001
w
0.001
0 1 2 3 4 5
years
Number at risk
& ALT 2174 1439 1084 867 722 612 502
& ALT <17 1631 1119 840 692 547 433
0 1 2 3 4 5
years

Figure 2. Kaplan Meir Survival Analysis according to ALT levels.

3.2. Multivariate Analysis

In a multivariate model (Table 2) controlled for age, creatinine levels, and albumin, low
ALT levels were still associated with 22% increased mortality in a statistically significant
manner (HR =1.22, 95% CI 1.10-1.35, p < 0.001). Both age (per each year), serum creatinine,
albumin blood concentration, presence of arterial hypertension, and diabetes mellitus were
demonstrated as independent risk factors of shortened survival.

Table 2. Multivariate Analysis.

HR (95% CI) p Value

ALT <17IU/L 1.22[1.10,1.35] <0.001
Age 1.04 [1.04, 1.05] <0.001
Serum Creatinine 1.20 [1.16, 1.25] <0.001
Albumin 0.78 [0.71, 0.86] <0.001
Hypertension 0.89 [0.80, 0.99] 0.029
Diabetes Mellitus 1.15[1.03, 1.28] 0.011
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4. Discussion

Clinical tools that are used for assessing a patient’s physiological reserves are crucial for
clinical decision-making in both medical and surgical realms. They should be employed to
better assess the prognosis and treatment planning for cancer patients and survivors. In the
most updated version of the NCCN (National Cancer Comprehensive Network) guidelines
for bladder cancer patients, it is stated that: “No single follow-up plan is appropriate
for all patients. Follow-up frequency and duration should be individualized based on
patient requirements, and may be extended beyond 5 years after shared decision-making
between the patient and physician.” Yet, the terms personalized medicine or patients’
robustness are not included in the document [36]. The terms “sarcopenia” and “frailty”
are also not mentioned in the ESMO, European Society of Medical Oncology guidelines
for genitourinary malignancies [37], although the aforementioned should be considered as
basics of individualized patient care.

Both frailty and sarcopenia have been identified as markers for shortened survival
in patients with various types of cancers. Sarcopenia is a condition characterized by the
loss of muscle mass and function and is often one of the most important hallmarks of
cancer cachexia [38], with over one hundred studies that evaluated the association be-
tween lean muscle mass and cancer mortality. The overall pooled HR on cancer mortality
was 1.69 (95% CI, 1.56 to 1.83) for patients with sarcopenia [3]. Today, “eyeballing” the
patient serves most clinicians in the appreciation of patients’ robustness. Multiple scien-
tific/ objective tools and methods have been offered to detect and classify sarcopenia, but
none showed a clear superiority. Body mass index (BMI), another common tool used for
general health assessment, and body surface area (BSA) are both widely used but do not
reflect lean muscle mass [39]. In reference to other components of the metabolic syndrome,
Crocetto et al. describe the ratio of triglycerides to High-Density Lipoprotein (HDL) and
the extent of Pseudocholinesterase (PChE) activity as potential markers for Bladder cancer
existence and their potential roles as screening for the disease [40]. Measurement of L3SMI
(the striated muscle mass at the level of the third lumbar vertebra (by computed tomog-
raphy) has been a recommended method to detect sarcopenia [41-43], with the L3 psoas
index has been proposed as a simplified alternative [44]. Nevertheless, this approach has
yet to be further validated. In their review [45], Williams et al. differentiated sarcopenia in
cancer patients from cancer-related cachexia by the following parameters: while decreased
muscle mass is the whole mark of sarcopenia, it is not necessarily so in the case of cachexia.
Cachexia is defined as a reduction in the overall body weight (while sarcopenia is not)
and a decline in the body fat mass. While in sarcopenia, there is a decrease in the basal
metabolic rate, it is increased in patients suffering from cachexia. Lastly, while cachexia
is characterized by increased markers of inflammation, patients with sarcopenia will not
present as such.

In parallel to sarcopenia, frailty is more elusive. Frailty is defined as a state of vulnera-
bility for poor return to homeostasis following acute illness, surgery, and chemotherapy [46].
Frail cancer patients are known to be at increased risk of postoperative complications,
chemotherapy side effects, other morbidity, and death. Over 70 different frailty measures
are poorly validated, and they range from a single-item assessment, such as gait speed or
sarcopenia, to a comprehensive questionnaire with more than 90 items [47]. Frailty should
be considered as the phenotypic/functional translation of sarcopenia. Williams et al. state
that frail patients, in contrast to those with mere sarcopenia, will show decreased overall
body weight, while decreased basal metabolic rate is a common feature of both sarcopenia
and frailty [45].

A possible surrogate marker for sarcopenia and frailty is low serum activity of ALT.
ALT values that are within the normal range (5 to 40 IU/L) represent the striated muscle
mass in the body rather than liver cells” damage, as it is appreciated whenever ALT levels
are above the upper normal limits. Several studies have demonstrated that low ALT activity
is associated with shortened survival in various patient populations [32-34]. Low ALT
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values, representing low muscle mass (sarcopenia), may be associated with increased frailty
and subsequently shortened survival in various cancers [35,48,49].

Sarcopenia is common in bladder cancer patients. The majority of patients with
bladder cancer are in their 7th decade or older and, therefore, are at greater risk for
sarcopenia and frailty. Additionally, many patients undergo radical cystectomy, major
abdominal surgery, and urinary diversion that is associated with profound metabolic
consequences, including sarcopenia [23-25]. Systemic chemotherapy and immunotherapy
(immune checkpoint inhibitors) are very commonly used in bladder cancer patients either
in the neoadjuvant setting (before cystectomy) or in advanced stages. Those treatments
might also contribute to the accelerated appearance of sarcopenia and frailty [12,50].

Based on the findings presented in this manuscript, we aim to include sarcopenia and
frailty in the decision-making processes regarding bladder cancer patients, using low ALT
values as a marker for sarcopenia, frailty, and shortened survival. It may be applicable
to patients who are candidates for radical surgery, medical treatments for advanced and
metastatic disease, and possibly also for older patients with early-stage disease. Others have
published on this matter: Using standard sarcopenia metrics, Fukushima et al. [24], in a sys-
tematic literature review, found that sarcopenia was associated with shorter survival both
in radical cystectomy patients and very advanced inoperable disease. Ibilibor et al. [18] re-
ported similar results in a comprehensive review of patients undergoing radical cystectomy.
However, there is significant heterogeneity across the studies in terms of the definition of
sarcopenia. Frailty is another well-established prognostic factor in bladder cancer patients
who are candidates for radical surgery [27]. Our study confirms these results but is unique
in 3 ways: First, it involves more than 3000 patients. Secondly, the results apply to the whole
spectrum of bladder cancer patients and not just to radical cystectomy or very advanced
cancer patients. Lastly, it is based on a routine, simple blood test: ALT activity values
that are part of every routine chemistry analysis and are almost always available for the
attending urologists and oncologists.

Several authors reported on serum AST to ALT (De Ritis) ratio as a predictor of
survival in bladder cancer, mostly in radical cystectomy patients [51-53]. However, the
theory behind this ratio in bladder cancer is that it represents hepatic glucose metabolism
and its relation to high glucose turnover in bladder cancer patients. Low ALT values, as
referred to in our study, are a possible surrogate for sarcopenia and frailty and seem to
better present a different and well-established pathway.

Mori et al. [54] published an extensive review on other blood-based, possible predictors
of mortality after radical cystectomy, with thirty-two studies including 22,224 patients that
were found eligible for inclusion into the meta-analysis: Several preoperative biomarkers
were significantly associated with cancer-specific survival: Three are inflammatory markers:
increased neutrophil to lymphocyte ratio (HR: 1.20, 95% CI 1.11-1.29), increased levels of
C-reactive protein (HR: 1.44, 95% CI 1.26-1.66) and the increase in white blood cell (WBC)
count (HR: 1.05, 95% CI 1.02-1.07). Two more markers in this review were found to be
related to the temporal, nutritional status of patients: low hemoglobin concentrations
(HR: 0.87, 95% CI 0.82-0.94) and low albumin to globulin ratio (HR: 0.26, 95% CI 0.14-0.48).
Compared with other blood-based biomarkers, low ALT in our study (lower than 17 IU/L,
a value established in several previous studies) seems to be a powerful marker for survival,
with a significant 45% increase in mortality. Low ALT is a surrogate for sarcopenia and
frailty, which are well-documented predictors of prognosis in bladder cancer. In addition,
Low ALT-associated shortened survival applies to all bladder cancer patients and survivors
unrelated to radical cystectomy. In contrast to the above-mentioned biomarkers, we relate
to low ALT levels as a reliable representative of sarcopenia and frailty, while hemoglobin
and albumin levels should be related to as biomarkers for the temporal nutritional status of
patients rather than reflecting their status of sarcopenia and frailty.
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5. Study Limitation

This was a single-center, retrospective study. Future prospective studies are suggested
in order to establish the role of sarcopenia and frailty estimation amongst bladder cancer
patients by measurement of their baseline ALT levels.

We examined ALT activity in patients who received systemic chemotherapy and/or
immunotherapy for advanced or metastatic cancer in comparison to the full cohort. Low
ALT was associated with decreased survival in both cohorts. Staging data was not fully
available and, therefore, was not included. Bladder cancer subtypes are rare in our cohort;
95% are urothelial cancer. As stated in the conclusion, the role of ALT should be in the
realm of personalized medicine rather than in a complementary manner to the realm of
precision medicine.

6. Conclusions

Advanced, precision-medicine tools such as staging, genetic sub-typing, and prospec-
tive results of chemotherapy and immunotherapy, already used by clinical oncologists,
should be accompanied by better tools for personalization of treatment options, especially
in elderly cancer populations. Sarcopenia and frailty, representing the gestalt of patients’
robustness and ability to withstand both severe disease and aggressive therapies—should
be incorporated into clinical decisions. The current study demonstrated that low serum
ALT activity (lower than 17 IU/L) is indicative of sarcopenia and frailty and is associated
with reduced survival of bladder cancer patients and survivors. Therefore, baseline ALT
measurements, which are commonly taken for all patients, should be incorporated into the
treatment decisions in this patient population.

Author Contributions: G.S. had full access to all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis. Study concept and design: M.L., M.P,,
M.S., EI and G.S. Acquisition of data: M.L., M.P., M.S,, E.I. and G.S. Analysis and interpretation
of data: M.L., M.P, M.S,, E.I. and G.S. Drafting of the manuscript: M.L., M.P,, M.S,, E.I. and G.S.
Critical revision of the manuscript for important intellectual content: M.L., M.P., M.S., E.I. and G.S.
Statistical analysis: M.L., M.P,, M.S., E.I. and G.S. Obtaining funding: None. Administrative, technical,
or material support: M.L., M.P, M.S., E.I. and G.S. Supervision: M.L. and G.S. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the Chaim
Sheba Medical Center (# SMC-23-0737; signed on 23 October 2023).

Informed Consent Statement: Patient consent was waived as the study was retrospective.

Data Availability Statement: All data supporting the findings of this study are kept by the principal
investigator. Data will become available by appropriate requests.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Davis, A.A.; McKee, A.E.; Kibbe, W.A.; Villaflor, V.M. Complexity of Delivering Precision Medicine: Opportunities and Challenges.
Am. Soc. Clin. Oncol. Educ. Book 2018, 38, 998-1007. [CrossRef]

Delpierre, C.; Lefevre, T. Precision and personalized medicine: What their current definition says and silences about the model of
health they promote. Implication for the development of personalized health. Front. Sociol. 2023, 8, 1112159. [CrossRef]
Precision Medicine vs Personalized Medicine | Within3. Available online: https://within3.com/blog/precision-medicine-vs-
personalized-medicine (accessed on 17 November 2023).

Marson, FEA.L,; Bertuzzo, C.S.; Ribeiro, ].D. Personalized or precision medicine? the example of cystic fibrosis. Front. Pharmacol.
2017, 8, 390. [CrossRef]

Sinha, P.; Kallogjeri, D.; Piccirillo, J.F. Assessment of comorbidities in surgical oncology outcomes. J. Surg. Oncol. 2014, 110,
629-635. [CrossRef]


https://doi.org/10.1200/EDBK_200279
https://doi.org/10.3389/fsoc.2023.1112159
https://within3.com/blog/precision-medicine-vs-personalized-medicine
https://within3.com/blog/precision-medicine-vs-personalized-medicine
https://doi.org/10.3389/fphar.2017.00390
https://doi.org/10.1002/jso.23723

Cancers 2024, 16, 174 9of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Owusuaa, C.; Dijkland, S.A.; Nieboer, D.; van der Heide, A.; van der Rijt, C.C.D. Predictors of Mortality in Patients with Advanced
Cancer—A Systematic Review and Meta-Analysis. Cancers 2022, 14, 328. [CrossRef]

Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636-2646. [CrossRef]

Cruz-Jentoft, A.]J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16-31. [CrossRef]

Picca, A.; Coelho-Junior, H.J.; Calvani, R.; Marzetti, E.; Vetrano, D.L. Biomarkers shared by frailty and sarcopenia in older adults:
A systematic review and meta-analysis. Ageing Res. Rev. 2021, 73, 101530. [CrossRef]

Roberts, S.; Collins, P; Rattray, M. Identifying and Managing Malnutrition, Frailty and Sarcopenia in the Community: A Narrative
Review. Nutrients 2021, 13, 2316. [CrossRef]

Korc-Grodzicki, B.; Downey, R.J.; Shahrokni, A.; Kingham, T.P,; Patel, G.S.; Audisio, R.A. Surgical considerations in older adults
with cancer. J. Clin. Oncol. 2014, 32, 2647-2653. [CrossRef]

Ryan, A.M.; Prado, C.M,; Sullivan, E.S.; Power, D.G.; Daly, L.E. Effects of weight loss and sarcopenia on response to chemotherapy,
quality of life, and survival. Nutrition 2019, 67-68, 110539. [CrossRef]

Au, PC,; Li, HL,; Lee, GK,; Li, G.H.; Chan, M.; Cheung, B.M.; Wong, 1.C.; Lee, VH.; Mok, ].; Yip, B.H.; et al. Sarcopenia and
mortality in cancer: A meta-analysis. Osteoporos. Sarcopenia 2021, 7 (Suppl. S1), 528-533. [CrossRef]

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer . Clin. 2021, 71,
209-249. [CrossRef]

Shariat, S.E.; Milowsky, M.; Droller, M.]. Bladder cancer in the elderly. Urol. Oncol. 2009, 27, 653-667. [CrossRef]

Flores Monar, G.V.; Reynolds, T.; Gordon, M.; Moon, D.; Moon, C. Molecular Markers for Bladder Cancer Screening: An Insight
into Bladder Cancer and FDA-Approved Biomarkers. Int. . Mol. Sci. 2023, 24, 14374. [CrossRef]

Lenis, A.T.; Lec, M.P,; Chamie, K. Bladder Cancer: A Review. JAMA 2020, 324, 1980-1991. [CrossRef]

Kamat, A.M.; Hahn, N.M.; Efstathiou, J.A.; Lerner, S.P.; Malmstréom, P.U.; Choi, W.; Guo, C.C.; Yair Lotan, Y.; Kassouf, W. Bladder
cancer. Lancet 2016, 388, 2796-2810. [CrossRef]

Boorjian, S.A.; Kim, S.P.; Tollefson, M.K.; Carrasco, A.; Cheville, ].C.; Thompson, R.H.; Thapa, P.; Frank, I. Comparative
performance of comorbidity indices for estimating perioperative and 5-year all cause mortality following radical cystectomy for
bladder cancer. J. Urol. 2013, 190, 55-60. [CrossRef]

Eisenberg, M.S.; Boorjian, S.A.; Cheville, ]J.C.; Thompson, R.H.; Thapa, P.; Kaushik, D.; Frank, I. The SPARC score: A
multifactorial outcome prediction model for patients undergoing radical cystectomy for bladder cancer. J. Urol. 2013, 190,
2005-2010. [CrossRef]

Grimberg, D.C.; Shah, A.; Molinger, J.; Whittle, J.; Gupta, R.T.; Wischmeyer, P.E.; McDonald, S.R.; Inman, B.A. Assessments of
frailty in bladder cancer. Urol. Oncol. 2020, 38, 698-705. [CrossRef]

Hansen, T.T.D.; Omland, L.H.; von Heymann, A.; Johansen, C.; Clausen, M.B.; Suetta, C.; Pappot, H.; Rafn, B.S. Development
of Sarcopenia in Patients With Bladder Cancer: A Systematic Review. Semin. Oncol. Nurs. 2021, 37, 151108. [CrossRef]
[PubMed]

Ibilibor, C.; Psutka, S.P.; Herrera, J.; Rivero, J.R.; Wang, H.; Farrell, A.M.; Liss, M.A_; Pruthi, D.; Mansour, A.M.; Svatek, R.; et al.
The association between sarcopenia and bladder cancer-specific mortality and all-cause mortality after radical cystectomy: A
systematic review and meta-analysis. Arab. ]. Urol. 2021, 19, 98-103. [CrossRef] [PubMed]

Fukushima, H.; Takemura, K.; Suzuki, H.; Koga, F. Impact of Sarcopenia as a Prognostic Biomarker of Bladder Cancer. Int. J. Mol.
Sci. 2018, 19, 2999. [CrossRef] [PubMed]

Mayr, R.; Gierth, M.; Zeman, F; Reiffen, M.; Seeger, P.; Wezel, F.; Pycha, A.; Comploj, E.; Bonatti, M.; Ritter, M.; et al. Sarcopenia as
a comorbidity-independent predictor of survival following radical cystectomy for bladder cancer. |. Cachexia Sarcopenia Muscle
2018, 9, 505-513. [CrossRef]

Burg, M.L.; Daneshmand, S. Frailty and preoperative risk assessment before radical cystectomy. Curr. Opin. Urol. 2019, 29,
216-219. [CrossRef] [PubMed]

Parikh, N.; Sharma, P. Frailty as a prognostic indicator in the radical cystectomy population: A review. Int. Urol. Nephrol. 2019, 51,
1281-1290. [CrossRef]

Psutka, S.P.; Barocas, D.A.; Catto, ].W.; Gore, ].L.; Lee, C.T.; Morgan, T.M.; Master, V.A.; Necchi, A.; Rouprét, M.; Boorjian,
S.A. Staging the Host: Personalizing Risk Assessment for Radical Cystectomy Patients. Eur. Urol. Oncol. 2018, 1, 292-304.
[CrossRef]

Michel, C.; Robertson, H.L.; Camargo, J.; Hamilton-Reeves, ].M. Nutrition risk and assessment process in patients with bladder
cancer undergoing radical cystectomy. Urol. Oncol. Semin. Orig. Investig. 2020, 38, 719-724. [CrossRef]

Tobert, C.M.; Hamilton-Reeves, ]. M.; Norian, L.A.; Hung, C.; Brooks, N.A.; Holzbeierlein, ]. M.; Downs, T.M.; Robertson, D.P,;
Grossman, R.; Nepple, K.G. Emerging Impact of Malnutrition on Surgical Patients: Literature Review and Potential Implications
for Cystectomy in Bladder Cancer. J. Urol. 2017, 198, 511-519. [CrossRef]

Liu, Z.; Que, S.; Xu, J.; Peng, T. Alanine aminotransferase-old biomarker and new concept: A review. Int. J. Med. Sci. 2014, 11,
925-935. [CrossRef]


https://doi.org/10.3390/cancers14020328
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/j.arr.2021.101530
https://doi.org/10.3390/nu13072316
https://doi.org/10.1200/JCO.2014.55.0962
https://doi.org/10.1016/j.nut.2019.06.020
https://doi.org/10.1016/j.afos.2021.03.002
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.urolonc.2009.07.020
https://doi.org/10.3390/ijms241814374
https://doi.org/10.1001/jama.2020.17598
https://doi.org/10.1016/S0140-6736(16)30512-8
https://doi.org/10.1016/j.juro.2013.01.010
https://doi.org/10.1016/j.juro.2013.06.022
https://doi.org/10.1016/j.urolonc.2020.04.036
https://doi.org/10.1016/j.soncn.2020.151108
https://www.ncbi.nlm.nih.gov/pubmed/33431235
https://doi.org/10.1080/2090598X.2021.1876289
https://www.ncbi.nlm.nih.gov/pubmed/33763255
https://doi.org/10.3390/ijms19102999
https://www.ncbi.nlm.nih.gov/pubmed/30275370
https://doi.org/10.1002/jcsm.12279
https://doi.org/10.1097/MOU.0000000000000616
https://www.ncbi.nlm.nih.gov/pubmed/30855379
https://doi.org/10.1007/s11255-019-02189-z
https://doi.org/10.1016/j.euo.2018.05.010
https://doi.org/10.1016/j.urolonc.2020.02.019
https://doi.org/10.1016/j.juro.2017.01.087
https://doi.org/10.7150/ijms.8951

Cancers 2024, 16, 174 10 of 11

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ramaty, E.; Maor, E.; Peltz-Sinvani, N.; Brom, A.; Grinfeld, A ; Kivity, S.; Segev, S.; Sidi, Y.; Kessler, T.; Sela, B.; et al. Low ALT
blood levels predict long-term all-cause mortality among adults. A historical prospective cohort study. Eur. |. Intern. Med. 2014,
25,919-921. [CrossRef]

Ruhl, C.E.; Everhart, J.E. The association of low serum alanine aminotransferase activity with mortality in the us population. Am.
J. Epidemiol. 2013, 178, 1702-1711. [CrossRef] [PubMed]

Segev, A.; Itelman, E.; Avaky, C.; Negru, L.; Shenhav-Saltzman, G.; Grupper, A.; Wasserstrum, Y.; Segal, G. Low ALT Levels
Associated with Poor Outcomes in 8700 Hospitalized Heart Failure Patients. J. Clin. Med. 2020, 9, 3185. [CrossRef] [PubMed]
Uliel, N.B.; Segal, G.; Perri, A.; Turpashvili, N.; Lerner, RK,; Itelman, E. Low ALT, a marker of sarcopenia and frailty, is
associated with shortened survival amongst myelodysplastic syndrome patients: A retrospective study. Medicine 2023, 102, €33659.
[CrossRef] [PubMed]

Guidelines Detail. Available online: https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1417 (accessed on
18 November 2023).

ESMO. Genitourinary Cancers. Available online: https:/ /www.esmo.org/guidelines/guidelines-by-topic/esmo-clinical-practice-
guidelines-genitourinary-cancers/bladder-cancer (accessed on 18 November 2023).

Fearon, K,; Strasser, F.; Anker, S.D.; Bosaeus, I; Bruera, E.; Fainsinger, R.L.; Jatoi, A.; Loprinzi, C.; MacDonald, N.; Mantovani, G.;
et al. Definition and classification of cancer cachexia: An international consensus. Lancet Oncol. 2011, 12, 489-495. [CrossRef]
[PubMed]

Iyengar, N.M.; Arthur, R.; Manson, J.E.; Chlebowski, R.T.; Kroenke, C.H.; Peterson, L.; Cheng, T.D.; Feliciano, E.C.; Lane, D.;
Luo, J.; et al. Association of Body Fat and Risk of Breast Cancer in Postmenopausal Women with Normal Body Mass Index: A
Secondary Analysis of a Randomized Clinical Trial and Observational Study. JAMA Oncol. 2019, 5, 155-163. [CrossRef]
Crocetto, F; Pandolfo, S.D.; Aveta, A.; Martino, R.; Trama, F.; Caputo, V.F,; Barone, B.; Abate, M.; Sicignano, E.; Cilio, S.; et al. A
Comparative Study of the Triglycerides/HDL Ratio and Pseudocholinesterase Levels in Patients with Bladder Cancer. Diagnostics
2022, 12, 431. [CrossRef]

Prado, C.M,; Lieffers, ].R.; McCargar, L.].; Reiman, T.; Sawyer, M.B.; Martin, L.; Baracos, V.E. Prevalence and clinical implications
of sarcopenic obesity in patients with solid tumours of the respiratory and gastrointestinal tracts: A population-based study.
Lancet Oncol. 2008, 9, 629-635. [CrossRef]

Mitsiopoulos, N.; Baumgartner, RN.; Lyons, W.; Layec, G.; Venturelli, M.; Jeong, E.-K.; Richardson, R.S.; Tsakoniti, A.E.;
Stoupis, C.A.; Athanasopoulos, S.I; et al. Cadaver validation of skeletal muscle measurement by magnetic resonance imaging
and computerized tomography. J. Appl. Physiol. 1998, 85, 115-122. [CrossRef]

Portal, D.; Hofstetter, L.; Eshed, I.; Lantsman, C.D.; Sella, T.; Urban, D.; Onn, A.; Bar, J.; Segal, G. L3 skeletal muscle index (L3SMI)
is a surrogate marker of sarcopenia and frailty in non-small cell lung cancer patients. Cancer Manag. Res. 2019, 11, 2579-2588.
[CrossRef]

Hanaoka, M.; Yasuno, M.; Ishiguro, M.; Yamauchi, S.; Kikuchi, A.; Tokura, M.; Ishikawa, T.; Nakatani, E.; Uetake, H. Morphologic
change of the psoas muscle as a surrogate marker of sarcopenia and predictor of complications after colorectal cancer surgery. Int.
J. Color. Dis. 2017, 32, 847-856. [CrossRef]

Williams, G.R.; Dunne, R.F; Giri, S.; Shachar, S.S.; Caan, B.J. Sarcopenia in the Older Adult With Cancer. |. Clin. Oncol. 2021, 39,
2068-2078. [CrossRef] [PubMed]

Handforth, C.; Clegg, A.; Young, C.; Simpkins, S.; Seymour, M.T.; Selby, PJ.; Young, J. The prevalence and outcomes of frailty in
older cancer patients: A systematic review. Ann. Oncol. 2014, 26, 1091-1101. [CrossRef] [PubMed]

Ethun, C.G.; Bilen, M.A_; Jani, A.B.; Maithel, S.K.; Ogan, K.; Master, V.A. Frailty and cancer: Implications for oncology surgery,
medical oncology, and radiation oncology. CA A Cancer J. Clin. 2017, 67, 362-377. [CrossRef] [PubMed]

Hellou, T.; Dumanis, G.; Badarna, A.; Segal, G. Low Alanine-Aminotransferase Blood Activity Is Associated with Increased
Mortality in Chronic Lymphocytic Leukemia Patients: A Retrospective Cohort Study of 716 Patients. Cancers 2023, 15, 4606.
[CrossRef] [PubMed]

Laufer, M.; Perelman, M.; Sarfaty, M.; Itelman, E.; Segal, G. Low Alanine Aminotransferase, as a Marker of Sarcopenia and Frailty,
Is Associated with Shorter Survival Among Prostate Cancer Patients and Survivors. A Retrospective Cohort Analysis of 4064
Patients. Eur. Urol. Open Sci. 2023, 55, 38—44. [CrossRef] [PubMed]

Martini, D.J.; Shabto, ].M.; Goyal, S.; Liu, Y.; Olsen, T.A.; Evans, S.T.; Magod, B.L.; Ravindranathan, D.; Brown, ].T.; Yantorni, L.;
et al. Body Composition as an Independent Predictive and Prognostic Biomarker in Advanced Urothelial Carcinoma Patients
Treated with Immune Checkpoint Inhibitors. Oncologist 2021, 26, 1017-1025. [CrossRef]

Ha, Y.-S.; Kim, S.W.; Chun, S.Y.; Chung, J].-W.; Choi, S.H.; Lee, ].N.; Kim, B.S.; Kim, H.T.; Yoo, E.S.; Kwon, T.G,; et al. Association
between De Ritis ratio (aspartate aminotransferase/alanine aminotransferase) and oncological outcomes in bladder cancer
patients after radical cystectomy. BMC Urol. 2019, 19, 10. [CrossRef]

Ghahari, M.; Salari, A.; Yazdi, M.G.; Nowroozi, A.; Fotovat, A.; Momeni, S.A.; Nowroozi, M.R.; Amini, E. Association Between
Preoperative De Ritis (AST/ALT) Ratio and Oncological Outcomes Following Radical Cystectomy in Patients With Urothelial
Bladder Cancer. Clin. Genitourin. Cancer 2021, 20, e89—€93. [CrossRef]


https://doi.org/10.1016/j.ejim.2014.10.019
https://doi.org/10.1093/aje/kwt209
https://www.ncbi.nlm.nih.gov/pubmed/24071009
https://doi.org/10.3390/jcm9103185
https://www.ncbi.nlm.nih.gov/pubmed/33008125
https://doi.org/10.1097/MD.0000000000033659
https://www.ncbi.nlm.nih.gov/pubmed/37115069
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1417
https://www.esmo.org/guidelines/guidelines-by-topic/esmo-clinical-practice-guidelines-genitourinary-cancers/bladder-cancer
https://www.esmo.org/guidelines/guidelines-by-topic/esmo-clinical-practice-guidelines-genitourinary-cancers/bladder-cancer
https://doi.org/10.1016/S1470-2045(10)70218-7
https://www.ncbi.nlm.nih.gov/pubmed/21296615
https://doi.org/10.1001/jamaoncol.2018.5327
https://doi.org/10.3390/diagnostics12020431
https://doi.org/10.1016/S1470-2045(08)70153-0
https://doi.org/10.1152/jappl.1998.85.1.115
https://doi.org/10.2147/CMAR.S195869
https://doi.org/10.1007/s00384-017-2773-0
https://doi.org/10.1200/JCO.21.00102
https://www.ncbi.nlm.nih.gov/pubmed/34043430
https://doi.org/10.1093/annonc/mdu540
https://www.ncbi.nlm.nih.gov/pubmed/25403592
https://doi.org/10.3322/caac.21406
https://www.ncbi.nlm.nih.gov/pubmed/28731537
https://doi.org/10.3390/cancers15184606
https://www.ncbi.nlm.nih.gov/pubmed/37760575
https://doi.org/10.1016/j.euros.2023.07.007
https://www.ncbi.nlm.nih.gov/pubmed/37693730
https://doi.org/10.1002/onco.13922
https://doi.org/10.1186/s12894-019-0439-7
https://doi.org/10.1016/j.clgc.2021.10.007

Cancers 2024, 16, 174 11 of 11

53. Eriksson, V.; Holmkvist, O.; Huge, Y.; Johansson, M.; Alamdari, F.; Svensson, J.; Aljabery, F.; Sherif, A. A Retrospective Analysis
of the De Ritis Ratio in Muscle Invasive Bladder Cancer, with Focus on Tumor Response and Long-Term Survival in Patients
Receiving Neoadjuvant Chemotherapy and in Chemo Naive Cystectomy Patients-A Study of a Clinical Multicentre Database.
J. Pers. Med. 2022, 12, 1769.

54. Mori, K.; Miura, N.; Mostafaei, H.; Quhal, F.; Motlagh, R.S.; Lysenko, I.; Kimura, S.; Egawa, S.; Karakiewicz, PI.; Shariat, S.F.
Prognostic value of preoperative hematologic biomarkers in urothelial carcinoma of the bladder treated with radical cystectomy:
A systematic review and meta-analysis. Int. |. Clin. Oncol. 2020, 25, 1459-1474. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s10147-020-01690-1
https://www.ncbi.nlm.nih.gov/pubmed/32451768

	Background 
	Personalized Medicine for Cancer Patients and Survivors 
	Sarcopenia and Frailty in the Realm of Personalized Oncology 
	The Case for Bladder Cancer Patients 
	Alanine Aminotransferase as a Biomarker for Sarcopenia and Frailty 

	Patients and Methods 
	Patients’ Characteristics 
	Descriptive Statistics and Analytical Methods 

	Results 
	Univariate Analysis 
	Multivariate Analysis 

	Discussion 
	Study Limitation 
	Conclusions 
	References

