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ABSTRACT

Objective: Mycosis fungoides (MF) is the most common T-cell
skin lymphoma, and a simple and applicable parameter is need-
ed to monitor the prognosis of the disease. We investigated the
ratio of aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) in patients with MF.

Material and Methods: The research involved a retrospective,
cross-sectional study. The records of MF patients were analysed.
AST and ALT levels were recorded and the AST/ALT ratio was
calculated and compared with the control group.

Results: Eighty-five MF patients and 85 healthy controls were
included in the study. Males accounted for 56.5% (n=48) of
MF patients and 57.6 % (n=49) of healthy group, with no sig-
nificant difference (p>0.05) between them. AST levels were
notably elevated in the MF group compared with the healthy
group (p<0.001). Furthermore, there was a significant differ-
ence in the AST/ALT ratio between the two groups (p=0.005).
The AST/ALT ratio cut-off value was 1.067. The AST value in
the patients with abnormal lymphadenopathy (LAP) on ultra-
sonography (USG) was higher than in those with reactive LAP.
The AST values of the patients with LAP with fluorodeoxyglu-
cose (FDG) involvement on positron emission tomography
(PET)/computed tomography (CT) were significantly higher
than those of the patients without abnormal LAPs (p<0.05).
The AST/ALT ratio was weakly positively correlated with the
disease stage (p=0.018).

Conclusion: AST values and AST/ALT ratios of patients with MF
were significantly higher than those of the control group. The

OzZET

Amac: Mikozis fungoides (MF), derinin en sik gérilen T hicrel
lenfomasi olup hastaligin prognozunu takip etmede kullanisl,
basit parametrelere ihtiya¢ duyulmaktadir. Calismamizda son za-
manlarda bircok malignitede prognostik faktér olarak arastinilan
aspartat aminotransaminaz (AST) ve alanin aminotransaminaz
(ALT) oraninin bir deri lenfomasi olan MF'de degerlendirilmesini
amacladik.

Gereg ve Yontem: Calismamiz retrospektif kesitsel bir calisma-
dir. Calismada MF tanisi alan hastalarin dosya taramasi yapildi.
AST, ALT degerleri kaydedilerek AST/ALT orani hesaplanip,
kontrol grubu ile istatistiksel olarak karsilastinldi.

Bulgular: Calismaya 85 MF hastasi ve 85 saglikli kontrol olmak
Uzere toplam 170 kisi dahil edildi. Buna gére, MF grubunun
%56,5'1 (n=48) ve sagdlikli kontrol grubunun 9%57.6 (n=49)'sI
erkek idi ve gruplar arasi anlaml farkliik bulunmuyordu
(p>0,05). MF grubunun AST degeri saglkli gruba gére daha
ylUksekti ve istatistiksel anlamli farkhlik saptandi (p<0,001).
AST/ALT orani her iki grup arasinda istatistiksel olarak anlam-
I farkhlik saptandi (p=0,005). AST/ALT orani cut-off degeri ise
1,067 bulunmustur. USG'de anormal LAP saptanan hastalarda
AST degeri reaktif LAP olanlara gére daha yiksek bulundu. PET
CT'de ise, FDG tutulumu olan LAP’lari saptanan hastalarin AST
degeri, anormal LAP’lari olmayan hastalardan anlamli ylUksek
olarak saptandi (p<0,05). AST/ALT orani ise hastalik evresi ile
zayif pozitif korele bulundu (p=0,018).

Sonug: Calismamizin sonucunda, MF'li hastalarin AST degeri ve
AST/ALT orani saglikli kontrol grubuna gére istatistiksel olarak
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AST/ALT ratio can be used as an independent factor in monitor-
ing the prognosis of patients with MF.

Keywords: Mycosis fungoides, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), AST/ALT ratio, prognostic
factor

anlamli ytksek bulunmustur. MF hastalarinin prognozunun taki-
binde AST/ALT orani badimsiz bir faktor olarak kullanilabilir.

Anahtar Kelimeler: Mikozis fungoides, aspartat aminotransfe-
raz (AST), alanin aminoaminotransferaz (ALT), AST/ALT orani,
prognostik faktér

INTRODUCTION

Mycosis fungoides (MF) is the most common primary T-cell
skin lymphoma. Its aetiology is uncertain although the em-
phasis is on genetic and environmental factors. The disease
may progress with only cutaneous lesions. However, in pa-
tients with advanced disease, visceral involvement may oc-
cur. Skin lesions include patches, indurated plaques and tu-
mours. Lesions of different morphologies may co-exist, and
these lesions may also transform into each other. They tend
to affect covered body areas (1). Survival in the early stag-
es of the disease is 10-35 years, while around 25% of cases
progress to the advanced stage with an average survival of
1-4 years (2). The tumour (T), lymph node (N), metastasis (M)
and blood (B) (TNMB) system is the most important prog-
nostic factor for MF. The early stage is defined as IA-IIA
and the advanced stage as IIB-IV (3). Several independent
prognostic factors in MF have been described in addition
to TNMB staging. Increased lactate dehydrogenase levels,
increased B2-microglobulin, eosinophilia, large cell trans-
formation, older age, male sex and folliculotropic type MF
have all been recognised as poor prognostic criteria (4).
Aspartate aminotransferase (AST) is an enzyme that can be
present in the cell, cytoplasm, and mitochondria. In addition
to the liver, it can be found in several organs including the
muscle, skeletal muscle, blood cells such as erythrocytes, the
pancreas, and the brain. Alanine aminotransferase (ALT) is a
cytoplasmic enzyme and is more specific to the liver. A more
marked increase in ALT occurs in the event of liver damage
(5). Aminotransferases like AST and ALT participate in cellular
metabolism in healthy cells, and they also play a significant
role in cancer cells and their tumover. ALT is crucial for the
glucose-alanine cycle, whereas AST is necessary for aerobic
glycolysis through adenine dinucleotide translocation within
the mitochondria. These metabolic processes are particularly
vital for cancer cells because of their heightened metabolic
activity (6). The average reported AST/ALT ratio, also known
as the "De Ritis ratio", in the cytoplasm of a normal hepato-
cyte cellis 0.6 (7). Recent research shows that the ratio of AST
to ALT serves as an independent prognostic factor in many
different types of cancer (8). The purpose of the present study
was to investigate the relationship between the ratio of AST
to ALT and the disease stage and extent of the affected body
surface area in patients with MF. Our scan of the literature
revealed no previous studies examining the "De Ritis ratio" in
MF patients with T-cell lymphoma of the skin, and this study
is thus the first on the subject.

MATERIAL AND METHODS

Study design
The research was conducted as a retrospective, sin-
gle-centre, cross-sectional study.

Ethical approval

The study has ethical approval from the Atatlirk Univer-
sity, Faculty of Medicine, Non-Interventional Clinical Re-
search Ethics Committee (Date: 29.03.2024, No: 192).

Setting

The study was conducted in a tertiary university hospital
in a region in the east of Turkiye with approximately 4.5
million inhabitants, with a large patient population. The
MF patient group participated from the chronic derma-
tological disease’s clinic, while the control group consist-
ed of individuals presenting to our hospital’s occupation
health and safety clinic for routine checks.

Participants

One hundred and seventy patients were included in the
study. These consisted of 85 patients aged 18-85 present-
ing to our hospital’s chronic dermatological diseases clinic
between January 2018 and February 2024 with histopatho-
logically confirmed MF. The healthy control group consisted
of 85 individuals with demographic characteristics similar to
those of the patient group and with no dermatological or
systemic diseases. The data for healthy controls were ob-
tained retrospectively from individuals presenting to our
hospital’s health and safety clinic for routine check-ups. Of-
ficial permission for the use of these individuals’ data was
received from the chief physician’s office. The patients and
controls’ demographic data and the patient group’s du-
ration of disease and clinical findings were recorded with
retrospective screening of the files. Patients with a history
of using dietary supplements or herbal products that may
affect liver enzymes were not included in the study. The pa-
tient groups with existing symptoms as of the date of ad-
mission and their AST and ALT results for that time were
screened and recorded. The AST/ALT ratio was calculated
as the proportion of AST and ALT values. The patients’ ab-
dominal ultrasonography (USG) and positron emission to-
mography (PET)/computed tomography (CT) results were
also recorded. The distribution and extent of the lesions
and the stage of the disease-based lymph node involve-
ment were determined. Lymph nodes whose USG findings
revealed a loss of oval shape, larger than 1.5 cm in size, with
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an indistinct hilus, a thick cortex, and hyperechoic necrotic
areas were abnormal in structure. Our hospital’s laborato-
ry values were used for AST and ALT test result reference
values. Accordingly, 0-40 U/L were evaluated as normal for
AST and 0-50 U/L for ALT. The rule of nines was applied to
calculate the body surface area. Accordingly, each leg was
constituting 18% of the body area, each arm 9%, the front
and rear trunk 19% each, and the head 9% (9). Patients with-
out histologically confirmed diagnoses of MF, those aged
under 18 or over 85 years, with other diseases affecting the
liver, with histories of alcohol use, or with previously known
malignancies were excluded from the study. Since the study
was conducted retrospectively and it was designed as an
archive scan of all patients' files, it was not necessary and
not possible to obtain informed consent from the patients.

Statistical analysis

The study data were analysed using SPSS version 27 soft-
ware (IBM SPSS Corp., Armonk, NY, USA). Categorical data
are presented as frequency and percentage and numeric
data as mean, standard deviation, median, and interquartile
range values. The Kolmogorov—Smirnov test was applied to
assess the normality of the distribution of the continuous
variables. The Mann—-Whitney U test was used in the anal-
ysis of two independent non-normally distributed groups.
Tukey's HSD test was employed in the post hoc analysis of
variables with assumed equal variances. Spearman’s cor-
relation analysis was applied to non-normally distributed
continuous variables. The area under the curve (AUC) was
calculated using ROC analysis, and the cut-off values were
determined using the Youden index. Categorical variables
were analysed using Pearson’s chi-square test. P values less
than 0.05 were deemed statistically significant.

RESULTS

One hundred and seventy individuals were included in
the study, 85 patients with MF and 85 healthy controls.
A comparison of the participants’ demographic charac-
teristics and blood test values is shown in Table 1. Males
represented 56.5% (n=48) of the MF group and 57.6%
(n=49) of the healthy group, and the difference between
the groups was not statistically significant (p>0.05). The
median age was significantly higher, at 50 Interquartile
Range (IQR) =31 in the MF group than in the healthy
control group at 43 (IQR= 2) (p<0.05). The median AST
value in the MF group was significantly higher than
that in the healthy group [24.00 (IQR=15.00) vs. 18.50
(IQR=6.00), respectively] (p<0.001). However, there was
no significant difference between the two groups’ ALT
values (p>0.05). The ratio of AST to ALT in the MF group,
1.2095 (IQR=0.56) was significantly higher than that in the
healthy control group, at 1.0629 (IQR=0.54) (p=0.005).

AST and the ratio of AST to ALT ROC curves between
the MF and healthy groups are shown in Figure 1. In the
ROC analysis, the AUC value for AST was 0.729 (95 % Cl:

0.653-0.8006), and that for the AST/ALT ratio was 0.623 (95
%Cl: 0.540-0.707) (Table 2). The cut-off values were 20.25
(with 75.3% sensitivity and 64.7% specificity) for AST and
1.067 (with 70.6% sensitivity and 51.8% specificity) for the
AST/ALT ratio.

A comparison of the MF patients’ AST, ALT, and AST/ALT
ratio values in terms of their demographic characteristics
and morphological and clinical disease findings is shown
in Table 3. ALT was significantly higher in males and the
AST/ALT ratio in women. AST values were higher in pa-
tients with abnormal LAP detected at USG than those
with reactive LAP. At post-hoc analysis, AST values were
similarly significantly higher in the presence of LAP and
in the presence and absence of hepatosteatosis, in oth-
er words, in individuals with abnormal LAP, compared to
those with reactive LAP. The ADT values of patients with
LAP and FDG involvement at PET CT were significantly
higher than those of the patients without abnormal LAP
(p<0.05).

Analysis between continuous variables revealed a weak
positive correlation between AT values and age, disease
stage, the region of the body, and LAP circumference.
ALT values exhibited no correlation with any parameters,
whereas the AST/ALT ratio was weakly positively correlat-
ed with the disease stage (Table 4).

DISCUSSION

Mycosis fungoides (MF), the most common T-cell skin
lymphoma, is capable of affecting the haematological
system and the visceral organs in the advanced stage
(1). More easily applied and inexpensive methods than
expensive and time-consuming tests have recently be-
come highly attractive for estimating the prognosis of
several diseases. Several biomarkers have recently been
investigated for monitoring the prognosis in malignant
diseases. One such biomarker is the AST/ALT ratio. On
that basis, we set out to add to the existing literature
by investigating the AST/ALT ratios of patients with MF
and a healthy control group and its relationship with the
stage of the disease and spread of cutaneous involve-
ment. The AST/ALT ratio is also known as the "De Ritis
ratio", the concept first being employed in a study of the
aetiology of hepatitis (10). ALT is more specific to the liv-
er, while AST is an enzyme involved in aerobic glycoly-
sis and capable of being synthesised in several types of
tissue. AST may therefore rise more markedly than ALT
in cases of widespread tissue damage and high tumour
cell turnover. This makes the AST/ALT ratio a potential
biomarker in malignancies (6). Aerobic glycolysis and py-
ruvate production are highly important for the increased
metabolism of tumour cells. Increased nucleotide bio-
synthesis and the synthesis of non-essential amino acids
in tumour cells contributes to the proliferation of can-
cer cells. Tumour cells should increase the synthesis of
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Table 1: A comparison of the two study groups

MF group Healthy group P
Sex Female n 37 36 0.877*
% 43.5% 42.4%
Male n 48 49
% 56.5% 57.6%
Age Mean 50.79 42.84 0.007*
95% Confidence Lower bound 46.92 42.66
Interval for mean Upper bound 54.66 43.01
Median 50.00 43.00
Std. deviation 17.93 0.80
Interquartile range 31.00 2.00
AST Mean 27.37 19.91 <0.001*
95% Confidence Lower bound 24.89 18.69
Interval for mean Upper bound 29.86 21.13
Median 24.00 18.50
Std. deviation 11.52 5.65
Interquartile range 15.00 6.00
ALT Mean 22.84 19.95 0.131f
95% Confidence Lower bound 20.44 18.01
Interval for mean Upper bound 25.25 21.89
Median 21.00 18.40
Std. deviation 11.14 8.98
Interquartile range 16.10 9.70
AST/ALT ratio  Mean 1.3468 1.1336 0.005t
95% Confidence Lower bound 1.2188 1.0330
Interval for mean Upper bound 1.4748 1.2341
Median 1.2095 1.0629
Std. deviation 0.5934 0.4660
Interquartile range 0.56 0.54

*: Pearson Chi-square test, ': Mann-Whitney U test, MF: Mycosis Fungoides, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase.
Note: Bold p values indicate statistical significance between the groups.

Table 2: Area under the curve (AUC) values for AST and AST/ALT ratio levels were determined in the ROC curve
analysis

Asymptotic 95% confidence interval

Test result variable(s) Area Std. error? Asymptotic sig.”

Lower bound Upper bound
AST 0.729 0.039 0.000 0.653 0.806
AST/ALT ratio 0.623 0.043 0.004 0.540 0.707

2. Under the non-parametric assumption, °: Null hypothesis: true area = 0.5, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase

the non-essential amino acid glutamine to ensure this.  tro experiment showed lower ALT levels in invasive can-
In contrast, ALT catabolizes pyruvate and glutamine to cer cells than in non-invasive cancer cells. Cancer cells
a-ketoglutarate in order to reduce glutamine. One in vi-  can cause this by increasing ALT consumption (11). In
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Figure 1: ROC curve analysis of AST and AST/ALT ratio
between the study groups

AST: Aspartate aminotransferase, ALT: Alanine amino-
transferase

Table 3: Statistical comparisons of AST, ALT, and AST/
ALT ratio values according to various morphologic
features in the MF group

AST ALT AST/ALT
ratio
Sex 0.062*  0.003* 0.007*
Smoking 0.2707 0.7411 0.1221
Lesion type 0.3771 0.4401 0.681"
Subjective finding 0.343t 0.4907 0.8407
Symptom 0.3721 0.4611 0.5617
LAP present 0.052* 0.119* 0.972*
LAP morphology 0.011*  0.0791 0.9267
LAP location 0.4917 0.6077 0.5287
USG findings 0.024t 0.0707 0.716"
PET findings 0.039*  0.073* 0.549*

*: Mann-Whitney U test, : Kruskal-Wallis test, AST: Aspartate ami-
notransferase, ALT: Alanine aminotransferase, LAP: Lymphadenop-
athy, PET: Positron Emission Tomography, USG: Ultrasonography.
Note: Bold p values indicate statistical significance between the
groups.

support of that finding, this study revealed no signifi-
cant difference in ALT levels between the patients with
MF and the healthy controls. In the previous literature,
the AST/ALT ratio has been shown to be higher in sev-
eral malignancies, such as renal cell carcinoma, bladder
cancer, cholangiocarcinoma, pancreatic carcinoma, and
breast carcinoma, compared to control groups, and be
capable of use as a prognostic marker in patients with
malignancies (12-16). However, we encountered no pre-

Table 4: Correlation analysis between AST, ALT and
AST/ALT ratio values and demographic variables in the
MF group

AST ALT AST/'.ALT

Ratio

Age r 0.216" 0.092 0.061
p 0.047 0404 0.579

Disease Duration r -0.032  -0.021  -0.033
(months) b 0775 0848 0766
Disease Stage r 0.388" 0.100  0.256
p <0.001 0.363 0.018

Body Surface Area r 0.244°  0.146 0.074
Involved 6 0025 0181 0500
LAP Number r 0.184 0.134 0.037
P 0.093  0.221 0.734

LAP Circumference r 0.359" 0.184 0.147
p 0.001 0092 0.180

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
LAP: Lymphadenopathy

Note: Bold p values indicate statistical significance between the
groups.

vious study investigating the AST/ALT ratio in haemato-
logical malignancies. This study is thus the first involving
MF, a condition capable of causing dermatological, hae-
matological, and visceral involvement. Significant differ-
ences in AST and AST/ALT ratio values were determined
between the MF patients and the control group. The
AST/ALT ratio was 1.2095 in the MF group and 1.0629 in
the healthy control group. At the same time, a positive
correlation was found between the extent of the skin sur-
face and AST values in the MF patients. This may indicate
that widespread cutaneous involvement may have raised
AST values by increasing the tumour burden. Monitor-
ing of liver enzymes may be particularly important in MF
patients with diffuse skin involvement. Although several
studies have reported that the AST/ALT ratio may be
useful for determining prognosis in malignancies, a weak
positive correlation was observed in the present study
between the disease stage of MF patients and the AST/
ALT ratio. The AST/ALT ratio may be a prognostic factor
that becomes more important in aggressive malignan-
cies with much faster metabolic activity. The statistically
weak correlation between MF stage and AST/ALT ratio
found in this study may be explained by the fact that MF
is a slowly-progressive T-cell lymphoma. It can be posited
that the lack of a significant correlation between the AST/
ALT ratio and the disease stage may be attributable to
the predominance of early stage MF patients within the
study sample, potentially masking the potential relation-
ship between these variables. In our opinion, the AST/
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ALT ratio may be a more useful prognostic factor in the
follow-up of patients with progressive MF. Therefore, we
believe that our findings need to be supported by further
prospective studies involving greater participation. MF is
more common at the ages of 55-60 and in males (17). In
agreement with the previous literature, the median age
of the MF group in the present research was 50 (IQR=31)
years, and 56.5% (n=48) of the MF patients were males.
The ratio of AST to ALT showed a significant increase in
female MF patients compared to males. Although a pre-
vious study reported that hepatic enzyme levels may vary
by gender for genetic reasons, this is still unclear. There is
a need for further research into this issue. (18).

ROC analysis between the MF patients and the healthy
control group revealed AUC values of 0.729 for AST
and 0.623 for the AST/ALT ratio. The cut-off values were
20.25 for AST (75.3% sensitivity and 64.7% specificity) and
1.067 for the AST/ALT ratio (70.6% sensitivity and 51.8%
specificity). The patients’ USG and PET results were ex-
amined, but no visceral organ involvement was observed
in any case in the MF group. This may derive from the
patients included in the study being in the early stage of
MF. Hepatosteatosis and LAP were evaluated on the ba-
sis of USG and PET results, and the relationship between
these findings and the AST/ALT ratio in the patient group
was investigated. AST values were higher in the patients
with abnormal LAP determined by both USG and PET
compared with those with reactive LAP. However, no sta-
tistically significant association was observed with the
AST/ALT ratio. We therefore think that hepatic enzymes
should be measured during the disease in patients with
MF with abnormal LAP detected both clinically and using
tests such as USG and PET.

There are many limitations to this study. The first involves
its retrospective nature. Another limitation is that some
patients were evaluated while in receipt of treatment. A
third limitation is that the single centre-nature of the re-
search represents an obstacle to the generalisation of the
results.

However, there are also some strengths to this study. The
most powerful of these is that it is the first to evaluate
the AST/ALT ratio in patients with MF. The relatively high
numbers of both MF patients and healthy controls taking
part constitutes another strength.

CONCLUSIONS

In conclusion, both AST and AST/ALT ratio values were
higher in the MF group than in the healthy control group.
Although the AST/ALT ratio exhibited a weak positive
correlation with the stage of MF, we believe that this
ratio, and particularly AST, can be used as a potential
biomarker for monitoring the prognosis of the disease.
To confirm and support the relationship between MF

and the AST/ALT ratio, further multicenter prospective
studies with larger numbers of participants are needed.
We think that if this relationship is supported by further
studies, it may contribute to the identification of patients
who require close monitoring and to deciding whether to
apply additional and more aggressive treatments in MF,
a malignant disease.

Ethics Committee Approval: Ethics committee approval
was received for this study from the Atatlrk University,
Faculty of Medicine, Non-Interventional Clinical Research
Ethics Committee (Date: 29.03.2024, No: 192).

Informed Consent: Since the study was conducted ret-
rospectively and it was designed as an archive scan of all
patients’ files, it was not necessary and not possible to
obtain informed consent from the patients.

Peer Review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study-
E.P, M.B.; Data Acquisition- E.P, M.B.; Data Analysis/In-
terpretation — E.P., M.B.; Drafting Manuscript- E.P, M.B;
Critical Revision of Manuscript- E.P., M.B.; Final Approval
and Accountability- E.P., M.B.; Technical or Material Sup-
port- E.P, M.B.; Supervision- E.P., M.B.

Conflict of Interest: The authors have no conflict of in-
terest to declare.

Financial Disclosure: The authors declared that this
study received no financial support.

REFERENCES

1. Jawed SI, Myskowski PL, Horwitz S, Moskowitz A, Querfeld
C. Primary cutaneous T-cell lymphoma (mycosis fungoides
and Sézary syndrome): part Il. Prognosis, management, and
future directions. J Am Acad Dermatol 2014;70(2):223.e1-42
[CrossRef]

2. Quaglino P, Pimpinelli N, Berti E, Calzavara-Pinton P,
Alfonso Lombardo G, Rupoli S, et al. Gruppo ltaliano
Linfomi Cutanei. Time course, clinical pathways, and long-
term hazards risk trends of disease progression in patients
with classic mycosis fungoides: a multicenter, retrospective
follow-up study from the Italian Group of Cutaneous
Lymphomas. Cancer 2012;118(23):5830-9. [CrossRef]

3. Olsen E, Vonderheid E, Pimpinelli N, Willemze R, Kim Y,
Knobler R, et al. ISCL/EORTC. Revisions to the staging and
classification of mycosis fungoides and Sezary syndrome:
a proposal of the International Society for Cutaneous
Lymphomas (ISCL) and the cutaneous lymphoma task force
of the European Organization of Research and Treatment
of Cancer (EORTC). Blood 2007;110(6):1713-22. [CrossRef]

4. Agar NS, Wedgeworth E, Crichton S, Mitchell TJ, Cox M,
Ferreira S, et al. Survival outcomes and prognostic factors
in mycosis fungoides/sézary syndrome: validation of the
revised international society for cutaneous lymphomas/


https://doi.org/10.1016/j.jaad.2013.08.033
https://doi.org/10.1002/cncr.27627
https://doi.org/10.1182/blood-2007-03-055749

) AST/ALT ratio in mycosis fungoides patients
Istanbul Tip Fakiiltesi Dergisi ® J Ist Faculty Med 2025;88(1):53-59

european organisation for research and treatment of cancer
staging proposal. Clin Oncol 2010;28(31):4730-9. [CrossRef]
Kolahdoozan S, Mirminachi B, Sepanlou SG, Malekzadeh R,
Merat S, Poustchi H. Upper normal limits of serum alanine
aminotransferase in healthy population: A Systematic
Review. Middle East J Dig Dis 2020;12(3):194-205. [CrossRef]
Botros M, Sikaris KA. The de ritis ratio: The test of time. Clin
Biochem. Rev 2013;34(3):117-130.

Giannini E, Botta F, Testa E, Romagnoli P, Polegato S,
Malfatti F, et al. The 1-year and 3-month prognostic utility
of the AST/ALT ratio and model for end-stage liver disease
score in patients with viral liver cirrhosis. Am J Gastroenterol
2002:97(11):2855-60. [CrossRef]

Nishikawa M, Miyake H, Fujisawa M. De Ritis (aspartate
transaminase/alanine transaminase) ratio as a significant
predictor of recurrence-free survival in patients with upper
urinary tracturothelial carcinoma following nephroureterectomy.
Urol Oncol 2016;34(9): 417.€9-15. [CrossRef]

Moore RA, Popowicz P, Burns B. Rule of Nines. In:
StatPearls. Treasure Island. StatPearls Publishing. 2024 Feb
12 (cited 2025 January 7). https://www.ncbi.nlm.nih.gov/
books/NBK513287.

De Ritis F, Coltorti M, Giusti G. An enzymic test for the
diagnosis of viral hepatitis; the transaminase serum
activities. Clin Chimi Acta 1957;2(1):70-4. [CrossRef]

Conde VR, Oliveira PF, Nunes AR, Rocha CS, Ramalhosa E,
Pereira JA, et al. The progression from a lower to a higher
invasive stage of bladder cancer is associated with severe
alterations in glucose and pyruvate metabolism. Exp Cell
Res 2015;335(1):91-8. [CrossRef]

12.

13.

14.

15.

16.

17.

18.

Wang H, Fang K, Zhang J, Jiang Y, Wang G, Zhang H, et al.
The significance of De Ritis (aspartate transaminase/alanine
transaminase) ratio in predicting pathological outcomes
and prognosis in localized prostate cancer patients. Int Urol
Nephrol 2017;49(8):1391-8. [CrossRef]

Ha YS, Kim SW, Chun SY, Chung JW, Choi SH, Lee JN,
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(1):10. [CrossRef]
Ishihara H, Kondo T, Yoshida K, Omae K, Takagi T, lizuka J, et
al. Evaluation of preoperative aspartate transaminase/alanine
transaminase ratio as an independent predictive biomarker
in patients with metastatic renal cell carcinoma undergoing
cytoreductive nephrectomy: A propensity score matching
study. Clin Genitourin Cancer 2017;15(5):598-604. [CrossRef]
Tan X, Xiao K, Liu W, Chang S, Zhang T, Tang H. Prognostic factors
of distal cholangiocarcinoma after curative surgery: a series of 84
cases. Hepatogastroenterology 2013;60(128):1892-5.

Stocken DD, Hassan AB, Altman DG, Billingham LJ,
Bramhall SR, Johnson PJ, et al. Modelling prognostic factors
in advanced pancreatic cancer. Br J Cancer 2008;99(6):883-
93. [CrossRef]

Willemze R, Cerroni L, Kempf W, Berti E, Facchetti F,
Swerdlow SH, et al. The 2018 update of the WHO-EORTC
classification for primary cutaneous lymphomas. Blood
2019;133(16):1703-14. [CrossRef]

van Beek JH, de Moor MH, de Geus EJ, Lubke GH, Vink JM,
Willemsen G, et al. The genetic architecture of liver enzyme levels:
GGT, ALT and AST. Behav Genet 2013;43(4):329-39. [CrossRef]


https://doi.org/10.1200/JCO.2009.27.7665
https://doi.org/10.34172/mejdd.2020.182
https://doi.org/10.1111/j.1572-0241.2002.07053.x
https://doi.org/10.1016/j.urolonc.2016.04.001
https://www.ncbi.nlm.nih.gov/books/NBK513287.
https://www.ncbi.nlm.nih.gov/books/NBK513287.
https://doi.org/10.1016/0009-8981(57)90027-X
https://doi.org/10.1016/j.yexcr.2015.04.007
https://doi.org/10.1007/s11255-017-1618-7
https://doi.org/10.1186/s12894-019-0439-7
https://doi.org/10.1016/j.clgc.2017.04.011
https://doi.org/10.1038/sj.bjc.6604568
https://doi.org/10.1182/blood-2018-11-881268
https://doi.org/10.1007/s10519-013-9593-y

