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ABSTRACT

Myosteatosis refers to the infiltration of fat into skeletal muscle tissue, being influenced by factors such as advanced age and overweight,
which increase the inability of adipocytes to store lipids. This condition not only alters the structure of the muscle but is also associated
with endocrinological imbalances such as insulin resistance (IR) and hyperinsulinemia, increasing the risk of developing type 2 diabetes
mellitus (T2DM) and cardiovascular diseases. Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) are effective methods
for measuring myosteatosis, identifying areas of fat accumulation that may indicate specific regional patterns. This review aimed to
evaluate the main evidence that associates myosteatosis with T2DM, compiling the epidemiological data already available on the
subject and the main gaps in the literature. Ten observational studies were selected, from different regions of the world, which showed
a relationship between myosteatosis and a higher incidence of T2DM, as well as IR, worse glycemic status, increased inflammatory
mediators and a tendency to coronary artery disease. In conclusion, myosteatosis and T2DM are conditions with a relevant relationship
and that have significant implications for public health, requiring greater standardization of myosteatosis assessment methods and
interventional studies that address potential therapeutic strategies for this condition.
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INTRODUCTION

Sarcopenia can be defined as a progressive and generalized
disorder of skeletal muscle, where there is a gradual loss
of strength and functionality, being more frequent in the
elderly, but it can occur in younger individuals. Sarcopenia
is diagnosed when low muscle strength is observed in ad-
dition to low muscle quantity or quality. When low physi-
cal performance is also observed, sarcopenia is considered
severe (1). The assessment of muscle quantity is well es-
tablished, but muscle quality is not yet fully explored, and
there is no consensus on its assessment methods (1, 2). The
deposition of pathological fat in muscle tissue, known as
myosteatosis, compromises the quality of skeletal mus-
cle and appears to lead to a faster loss of strength than
of muscle mass, characterizing an important parameter
of loss of muscle quality (2, 3). Recent data suggests that
overweight, obesity, and advanced age imply the occur-
rence of myosteatosis, and that its occurrence culminates
in reduced functionality, muscle strength, and individual
mobility (4, 5).

Type 2 Diabetes Mellitus (T2DM) is a chronic and com-
plex metabolic disorder characterized by elevated glyce-
mic levels due to mechanisms of increased insulin resist-
ance (IR), associated with hyperinsulinemia and, in later
stages, failure in the production and secretion of insulin
by the pancreas (6). Its prevalence is recognizably associ-
ated with being overweight and obese, advanced age, and
unhealthy lifestyle habits, such as sedentary behavior,
high caloric intake and poor nutritional quality (6). The
occurrence of T2DM can lead to chronic complications
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Fig. 1 Flowchart of the critical selection of articles conducted
according to the recommendations of the PRISMA protocol.
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associated with micro and macroangiopathy, such as di-
abetic retinopathy, diabetic kidney disease, and diabetic
neuropathy, in addition to being associated with cardio-
vascular complications (6).

Although not yet fully understood, there appears to be
an association between myosteatosis and T2DM as part of
the increased ectopic fat distribution. The volume of adi-
pose infiltration in skeletal muscle is significantly higher
in individuals with T2DM than in normoglycemic individ-
uals (7). Furthermore, even in individuals without diabe-
tes, the accumulation of fat in the trunk skeletal muscle
appears to be associated with an increase in IR (8). Still, it
is possible that the occurrence of myosteatosis in patients
with T2DM is an independent risk factor for unfavorable
outcomes, such as coronary artery calcification and acute
coronary syndrome (9).

Despite the amount of studies regarding the relation-
ship between myosteatosis and T2DM still being small,
some data points to a possible connection between the
two conditions, which seem to share common risk factors
and present a synergistic effect in terms of morbidity and
mortality (10). With this in mind, the present study sought
to conduct an integrative review, with the aim of demon-
strating the association between myosteatosis and T2DM
or changes in glucose metabolism that contribute to the
development of T2DM.

MATERIALS AND METHODS

The present study is an integrative literature review,
which is based on a research method grounded in the
systematic synthesis of various studies and allows for the
establishment of specific conclusions about a given topic
(11). To guide this study with greater precision, the follow-
ing guiding question was established: What is the associa-
tion between myosteatosis and T2DM?

From this, the electronic research was conducted
during the last three quarters of 2024. For the search,
the following databases were consulted: PubMed (Na-
tional Library of Medicine and National Institute of
Health), Scopus, Biblioteca Virtual em Satide (BVS), SciE-
LO (Scientific Electronic Library Online), Cochrane Col-
laboration and ClinicalTrials. The inclusion criteria and
filters used were articles related to the topic, studies that
were not reviews or case reports and that were availa-
ble in full text in the aforementioned databases. The ex-
clusion criteria were duplicate articles, and studies on
animals.

For the prospecting of the articles, the following de-
scriptors were used: “type 2 diabetes mellitus”, “non insu-
lin dependent diabetes mellitus”, “myosteatosis” and “my-
ocellular lipid”. In all databases, the combination - “(type 2
diabetes mellitus) OR (non insulin dependent diabetes
mellitus) AND (myosteatosis) OR (myocellular lipid)” -
was applied. In conclusion, the search was conducted by
two independent reviewers and the analysis of agree-
ment between observers was performed using the Kappa
test (K) through the BioStatistics app V.1.1.0 and calculated
according to the categorical method (12). The value found
was K = 0.853 (almost perfect agreement).
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Tab. 1 Baseline characteristics of the populations of the 10 selected studies and main findings related to glycemic status, myosteatosis and
their measurement methods.

Author

YAMAZAKI,
H.; TAUCHI, S.;
MACHANN, Y.;
et al. 20220

KIM, E. H,;
KIM, H.;
LEE, M. J.;
et al. 20220

LIU, F. P;
GUO, M. J.;
YANG, Q;
et al. 2024®

MILJKOVIC, 1,
KUIPERS, A. L,;
CVEJKUS, R.;
et al. 2016

MILJKOVIC, 1.;
CAULEY, ). A;
WANG, P.Y,;
et al. 2013

MILJKOVIC, 1.;
KUIPERS, A. L;;
CVEJKUS, R;
et al. 202006

MILJKOVIC, I.;
KUIPERS, A. L;
KAMMERER,
C.M;

et al. 2011@)

HUANG, Y.;
YAN, J.;
ZHU, H,;
etal. 202349

KIEFER, L. S.;
FABIAN, J.;
ROS-
PLESZCZ,S.;
et al. 20181

KIEFER, L. S.;
FABIAN, J.;
ROS-
PLESZCZ, S.;
et al. 20210)

Sam-
ple

1073

20986

652

1515

393

718

471

130

349

337

ST

Cohort study

Retrospective
study

Cross-sectional
Study

Cohort study

Cross-sectional
Study

Cross-sectional
study derived
from
prospective
cohort

Cross-sectional
study

Prospective
study with
cohort

Retrospective
study

Cohort study

SP

Men
and
women

Men
and
women

Men and
women
(with
T2DM)

Men

Men

Men

Men
and
women

Men
and
Women

Men
and
women

Men and
women

MAP
(years)
48

545

55.95

56.9

74.3

64

43

52.02

56

56

CR

Germany
and
Japan

South
Korea

China

Caribbean

United
States

Trinidad
and
Tobago

Trinidad
and
Tobago

United

States

Europe*

Germany

MMM

CTand

MRI

cT

CT
based on
Martin’s
Criteria

cT

cT

cT

cT

MRI

MRI

MRI

Findings on glycemic status
and myosteatosis

AHR for incident T2DM in patients with trunk
myosteatosis: 1.95 (95% Cl 1.07-3.54).

Lower chances of T2DM (75% in men and 68% in
women when comparing 1st and 4th quartiles)
in individuals with greater muscle area with
normal attenuation.

Increased risk of coronary artery calcification in
individuals with T2DM who had myosteatosis
(OR=2.381, P =0.003).

Intermuscular fat was independently associated
with a higher incidence of T2DM (OR per 1-SD
increase in intermuscular fat = 1.29;

95% Cl = 1.08-1.53).

Myosteatosis (greater infiltration of intermus-
cular adipose tissue in the abdominal muscles
and psoas) was associated with higher glycemic
levels, greater insulin resistance and hyperinsu-
linemia in elderly people without T2DM

(in regression analyses adjusted for age, height,
muscle volume, and study site, all P < 0.003).

Association between T2DM and liver and
skeletal muscle adiposity in non-obese men, in-
dependently of visceral adiposity (in regression
analyses adjusted for sociodemographic and
lifestyle factors, all P < 0.05).

Markers of inflammation have been associated
with myosteatosis, as well as greater insulin
resistance and hypersinsulinemia - for example,
higher levels of C-reactive protein correlated
with lower muscle density (r = -0.10, P < 0.05),
hyperinsulinemia (r = 0.12, P < 0.05), and higher
HOMA-IR (r = 0.17, P < 0.01).

Greater muscle fat infiltration (assessed by pro-
ton density fat fraction of intermuscular adipose
tissue and intramuscular fat of thigh muscles)
and worse muscle function (assessed by peak
torque and total work of thigh muscles) in pa-
tients with T2DM compared to a control group
(all with p < 0.05 in independent sample t-test).

Abdominal myosteatosis (proton density fat
fraction) was significantly higher in individ-
uals with T2DM and prediabetes compared
to controls (13.1% (IQR 10.5-16.6%); 11.1%
(IQR 8.9-15.0%) and 10.1% (IQR 7.5-13.3%),
respectively; p < 0.001).

Individuals with T2DM and pre-diabetes had
significantly higher amounts of intramyocellular
(prediabetes: B: 0.76, 95% Cl: 0.28-1.24,

P =0.002; T2DM: 3: 1.56, 95% ClI: 0.66-2.47,

P < 0.001) and extramyocellular lipids (prediabe-
tes: B: 1.54, 95% Cl: 0.56-2.51, P = 0.002; T2DM:
B: 2.15,95% Cl: 1.33-2.96, P < 0.001) than
normoglycemic individuals.

Legend: AHR: Adjusted hazard ratio; Cl: Confidence interval; CR: Country of Realization; CT: Computed Tomography; HOMA-IR:
Homeostasis Model Assessment of Insulin Resistance; IQR: Interquartile Range; MAP: Middle Age of Patients; MMM: Measurement Method
of Myosteatosis; MR: Magnetic Ressonance Imaging; OR: Odds Ratio; SD: Standard Deviation; SP: Sex of Patients; ST: Study Type; T2DM:
Type 2 Diabetes Mellitus.
* Various countries around Europe.
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RESULTS

A summary of the selection process can be seen below
(figure 1). In total, 10 articles with various methodologies
were selected for the extraction of results.

According to the selected articles (table 1), seven stud-
ies evaluated the muscle fat index through computed
tomography (CT) (8, 9, 13-17), while four studies did so
through magnetic resonance imaging (MRI) (7, 8, 10, 18),
with one of them including both measurement methods
(8). However, only one study evaluated infiltration ac-
cording to Martin’s criteria (attenuation of skeletal muscle
(ASM) < 33 HU with body mass index (BMI) > 25 kg/m? or
ASM < 41 HU with BMI < 25 kg/m?) (9). Furthermore, the
demographic and clinical characteristics of the patients
were not considered as parameters for better evaluation
and consideration of the lipid indices found. Besides, there
was a great sociodemographic variability, both about the
country of conduct and the general characteristics of
the populations. The studies were conducted on different
continents, without following a well-founded evaluation
parameter for the level of lipid infiltration, including in-
dividuals without T2DM or other comorbidities in some
of them.The study by Yamazaki et al. (2022) (8) explored
fat distribution patterns, assessed by CT, and their rela-
tionship with the future development of T2DM. The study
revealed that central fat distribution, particularly in the
abdomen and muscles, was strongly associated with in-
creased risk of diabetes, highlighting the importance of
monitoring body fat in different regions to predict diabe-
tes risk. Consistent findings were observed in the study
by Kiefer et al. (2018) (10), where abdominal myosteatosis,
seen on MRI, was higher in individuals with T2DM and
prediabetes.

Other studies have also shown an association between
myosteatosis and T2DM. Kim et al (2022) (13) found that
normal muscle attenuation seen on CT reduced the chanc-
es of T2DM in a South Korean population. A cohort study
with a Caribbean population showed a higher incidence
of T2DM in those with myosteatosis (14). In Germany,
intramyocellular and extramyocellular lipid infiltration
was greater in men and women with T2DM or prediabe-
tes than in those with normal glycemia (7). Furthermore,
decreased muscle strength in patients with T2DM was as-
sociated with the presence of myosteatosis in studies that
performed CT (15) and MRI (18).

The interrelationship between myosteatosis and
changes in glucose metabolism is reinforced by studies
that indicate that people without diabetes with greater
fat deposition in skeletal muscle have lower insulin sensi-
tivity (15, 17). A cross-sectional study with elderly Ameri-
cans without T2DM demonstrated an association between
myosteatosis, confirmed by CT, and greater IR and hy-
perinsulinemia (15). Another cross-sectional study with
younger patients, developed by the same research group,
showed an association between higher levels of inflam-
mation markers, especially C-reactive protein (CRP), with
adipose infiltration in the muscle, hyperinsulinemia, and
IR (17).

The role of ectopic fat in the context of metabolic syn-
drome and T2DM can be corroborated by the findings of
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Mijkovic et al. (2020) (16), where there was an association
between T2DM and the presence of muscle and liver ad-
iposity in non-obese men, suggesting that myosteatosis
may contribute to increased metabolic risk independent-
ly of abdominal fat. The findings of Liu et al. (2024) (9)
show that in patients with T2DM the presence of myoste-
atosis was associated with a higher risk of coronary artery
calcification, suggesting that this muscle alteration may
emerge as a new risk factor for atherosclerosis in T2DM.

DISCUSSION

1. CONCEPT OF MYOSTEATOSIS

The term myosteatosis describes a condition characterized
by fat infiltration in muscle tissue (4). Its main risk factors
are advanced age and overweight, as both culminate in the
exhaustion of the adipocytes’ capacity to store lipids, so
that these molecules begin to accumulate in other tissues,
then being considered ectopic fat (8).

Myosteatosis can now be recognized as a clinical con-
dition distinct from sarcopenia, originating not only from
adipose tissue saturation but also from several other
mechanisms. Adipogenic conversion of multipotent stem
cells (through conditions such as muscle injury or in-
creased glucocorticoid levels) and increased bone marrow
adipogenesis (in situations such as prolonged bed rest, sex
steroid deficiency, and altered leptin signaling) may also
affect fat deposition in muscle (19).

Once considered inert, it is now known that adipose
tissue has important metabolic and inflammatory capac-
ity, and, in this way, it is understood that its accumulation
in other tissues is related to several endocrinological dis-
orders, such as decreased insulin sensitivity, hyperinsu-
linemia, and increased risk for the development of T2DM
(4, 8).

2. MEASUREMENT METHODS

There are three types of lipid accumulation in muscle tis-
sue that, together, are classified as myosteatosis: (a) inter-
muscular adipose tissue, that is, the clustering of fat below
the muscle fascia and between muscle groups; (b) intra-
muscular adipose tissue, that is, the presence of lipid con-
centrates within a muscle group; and (c) intramyocellular
lipids, the accumulation of fat droplets within muscle cells
(2,3).

The first two forms of myosteatosis mentioned above
(intermuscular adipose tissue and intramuscular adipose
tissue) are the easiest to measure, with CT and MRI be-
ing the two main methods used. These exams allow for the
precise and non-invasive quantification of intramuscular
lipid content and the identification of specific regional
patterns of fat accumulation, providing an understanding
of the underlying pathophysiological mechanisms (2, 3).

Tissue density on CT can be quantified in a standard-
ized manner using the Hounsfield unit (HU), identify-
ing fatty infiltration by the presence of hypodense areas
within the muscle. Healthy muscle presents attenuation
of +30 to +150 HU, while the presence of intramyocellular
lipid may present attenuation compatible with a muscle
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area of low attenuation, from -29 HU to +29 HU. Inter-
muscular and intramuscular adipose tissue can be repre-
sented as areas of density between -30 HU and -190 HU
(20). A cross-sectional analysis of 20,664 healthy adults
proposed to define diagnostic cutoff points for myosteato-
sis, using muscle indices measured by CT at the L3 verte-
bra level. The ratio between the normal attenuation muscle
area and the total muscle area stood out as a potentially
useful index for evaluating myosteatosis, using a T-score
< -2.0 as the cutoff point (21).

MRI can evaluate myosteatosis by means of the pro-
ton density fat fraction (PDFF) in T1-weighted images,
suppressing the water signal. Through spectroscopy, MRI
also provides measurement of intramyocellular and ex-
tramyocellular lipid contents, based on the differences in
frequencies after the excitation of hydrogen nuclei (22).

CT was widely used to measure myosteatosis in the
studies included in this review and is notable for its abil-
ity to visualize and quantify intermuscular and visceral
fat. Some studies have used CT to assess the relationship
between muscle fat and metabolic conditions (9, 13, 14). Al-
though CT is effective in identifying hypodense areas that
indicate fat, it may be less accurate in differentiating the
site of fat deposition compared to MRI (2, 3). Other studies
have used MRI for a detailed assessment of myosteatosis,
and it is particularly useful in differentiating between in-
tramyocellular and extramyocellular fat (7, 10, 18). Com-
bined methods using CT and MRI have also been employed
to obtain a comprehensive view of myosteatosis (8).

Quantitative ultrasound has also been studied as an
imaging modality to assess myosteatosis, however, great-
er difficulty in standardization and the impossibility of
distinguishing intramuscular and intermuscular fat are
factors that hinder its implementation (3). Ultrasound was
not used in any of the studies selected for this review.

3. PATHOPHYSIOLOGY OF MYOSTEATOSIS IN T2DM
Ectopic fat is found in organs such as the liver, pancreas,
kidneys, heart and skeletal muscle and is associated with
a pathological response in adipocyte physiology, where
several genetic and environmental factors lead to inflam-
matory dysfunction of adipocytes and limit their ability
to store fat. This leads to a redirection of lipids to periph-
eral tissues, leading to ectopic fat deposition (23, 24). Hy-
percaloric diets and hyperinsulinemia cause IR and con-
tribute to the accumulation of fat in central organs in the
pathophysiology of diabetes, such as the pancreas, liver
and skeletal muscle, potentiating IR in hepatic receptors
and causing impairment in pancreatic insulin secretion.
This contributes to hyperglycemia and the development of
T2DM (23-25).

Therefore, although not completely understood, there
is a relationship between the occurrence of myosteatosis
and T2DM. Individuals with T2DM have a higher amount
of fat infiltrated in various muscle tissues, especially in the
abdominal muscles and thigh muscles (7).

Although T2DM and myosteatosis share risk factors
such as advanced age, sedentary lifestyle, and high-calorie
diet, there seems to be a relationship not merely of asso-
ciation between the two nosological entities, but rather of
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causality and consequence. This is due to the fact that fat
infiltration into the muscle enables the onset of a patholog-
ical triad in that tissue, composed of IR, inflammation, and
contractile dysfunction (15, 16). Additionally, it has been
demonstrated that greater amounts of myosteatosis are
strongly associated with increased IR. The reason for this
is that the accumulation of intramuscular fat impairs glu-
cose uptake and disrupts insulin signaling. Studies using
CT and MRI have consistently shown that individuals with
higher myosteatosis, even when matched for visceral or
total body fat, exhibit reduced muscle quality, diminished
insulin sensitivity and higher Homeostatic Model Assess-
ment of Insulin Resistance (HOMA-IR) levels. In other
words, the greater the degree of myosteatosis, the higher
the risk of IR and related metabolic dysfunction (15).
Another factor contributing to the occurrence of
myosteatosis in patients with T2DM is the inflammatory
role of adipose tissue in individuals with metabolic syn-
drome and obesity, particularly concerning the increased
secretion of adipokines, which is directly linked to in-
flammation and increased IR, thereby creating a recipro-
cal relationship between the two conditions (1). One of the
studies selected in this review demonstrated that elevated
circulating inflammatory markers, including CRP, inter-
leukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a),
are closely linked to increased ectopic fat deposition in
skeletal muscle, which in turn contributes to a state of per-
sistent, low-grade inflammation. This inflammation im-
pairs insulin receptor signaling pathways, decreasing glu-
cose uptake by myocytes. To compensate for the reduced
insulin sensitivity, pancreatic p-cells increase insulin

Fig. 2 Infographic on the relationship between myosteatosis and
insulin resistance, inflammation and diabetes diabetes mellitus.
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secretion, resulting in hyperinsulinemia. This compensa-
tory hyperinsulinemic state further IR, thus accelerating
the progression to type 2 diabetes mellitus. These findings
highlight the pivotal role of inflammatory processes, in-
flammatory markers, and intramuscular adiposity in the
pathogenesis of metabolic dysfunction and IR (17).

Figure 2 compiles the main mechanisms that link
myosteatosis with IR and T2DM.

4. MYOSTEATOSIS AND INSULIN RESISTANCE

IN PEOPLE WITHOUT DIABETES

The association between myosteatosis and IR in people
without diabetes is mainly observed in elderly popula-
tions (15), but signs of inflammation and hyperinsulinemia
are also present in younger people with larger amounts of
intramuscular fat or subclinical adiposity (17).

In a cross-sectional study by Miljkovic et al. (2013) of
393 elderly men with T2DM, CT revealed that larger vol-
umes of intermuscular fat were associated with IR, re-
gardless of visceral fat, subcutaneous fat, or BMI (15). In
a younger population, individuals without T2DM but with
intramuscular fat infiltration had significantly higher lev-
els of CRP, insulinemia, and IR, even in the absence of obe-
sity and overt hyperglycemia (17). In a longitudinal cohort
of 1,515 Afro-Caribbean men initially without T2DM, the
progression of intermuscular fat was an independent pre-
dictor of T2DM development during a six-year follow-up
(14). For each one-standard deviation increase in inter-
muscular fat, the risk of conversion to T2DM increased by
29% (OR 1.29; 95% CI: 1.08-1.53), even after adjusting for
BMI and abdominal adiposity (14).

These results, consistent across different age groups
and ethnic groups, indicate that myosteatosis may act as
an important marker of IR and cardiometabolic risk, even
in individuals with normal blood glucose levels and inde-
pendently of central obesity and BMI.

5. MYOSTEATOSIS AND LIVER FAT

The accumulation of ectopic fat deposits in muscles is not
only associated with T2DM and IR, but also with overall
metabolic health and ectopic fat deposition at other sites.
A higher proportion of good-quality muscle is strongly
associated with lower risks of non-alcoholic fatty liver
disease (NAFLD), as assessed by ultrasound, and liver fi-
brosis, as determined by the NAFLD fibrosis score and the
Fibrosis-4 index. Furthermore, muscle fat content, rather
than muscle mass, has been reported to be strongly and
independently associated with non-alcoholic steatohepa-
titis (NASH) in patients with greater degrees of obesity.
Collectively, these findings suggest that myosteatosis may
serve as a valuable diagnostic and prognostic marker in
NAFLD, a hypothesis that warrants confirmation through
prospective studies (2).

6. OBSERVATIONAL STUDIES

All 10 studies selected in this review are observation-
al, including prospective and retrospective cohorts and
cross-sectional studies (Table Al). The included studies
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demonstrate that myosteatosis is associated with various
metabolic conditions, such as obesity, IR, metabolic syn-
drome, cardiovascular diseases and T2DM, in addition to
directly compromising muscle functionality. Greater de-
grees of myosteatosis was directly correlated to a decrease
in muscle functionality, as shown by lower peak torque,
lower total work of thigh muscles, incident mobility disa-
bility and gait speed decline in patients with myosteatosis
when compared to a healthy control group (5, 18).

In studies that do not directly evaluate T2DM, evidence
already suggested the harmful effect of myosteatosis. A su-
banalysis of the Age, Gene/Environment Susceptibility
(AGES) - Reykjavik Study evaluated muscle outcomes in
elderly men and women, observing that thigh myoste-
atosis was associated with decreased strength, slower
gait and decreased survival, but no mortality relation-
ship was observed in the same study, with calf myostea-
tosis. Furthermore, muscle mass loss is not uniform, and
slow-twitch type I fibers are less affected than fast-twitch
fibers (26).

These results reinforce that myosteatosis should be
considered for metabolic and cardiovascular care, al-
though there are still many gaps regarding the pattern of
involvement and the impact on cardiovascular outcomes.

7. INTERVENTIONAL STUDIES

Therapeutic interventions to reduce myosteatosis in pop-
ulations with altered glycemic status have been proposed,
but not yet implemented in experimental studies. Some
strategies, such as dietary changes, encouragement of
physical activity, and the use of lipid-lowering medica-
tions, have shown potential to reduce intramuscular lipid
accumulation and improve muscle function in individu-
als with myosteatosis (2-4). However, there are no studies
evaluating the long-term efficacy of these interventions
and their effects on the progression of associated meta-
bolic diseases.

Despite the limitations of the currently available data
regarding the impact of lifestyle on myosteatosis, there
are several indications of the benefits of exercise and di-
etary approaches (22, 27). Consumption of a high-fat and
high-fructose diet is associated with myosteatosis, espe-
cially in animal models (22, 28, 29). Implementing a cal-
orie-restricted diet shows favorable changes in muscle
composition (22, 27). The reduction of intermuscular ad-
ipose tissue has been shown to be greater when induced
by exercise compared with calorie restriction alone (30).
Similarly, a hypocaloric diet, when combined with aero-
bic exercise, may be more effective than exercise alone
in reducing low-density muscle and improving glycemic
status (31). A recent systematic review and meta-analysis
demonstrated that exercise was able to reduce lipid infil-
tration in skeletal muscle and increase the muscle attenu-
ation coefficient (32). Benefits of the combined implemen-
tation of diet and exercise are also observed in individuals
with T2DM, which raises the expectation of a combined
improvement in myosteatosis and dysglycemia (20, 25).

An ongoing study aims to evaluate the combined effect
of low-magnitude high-frequency vibration treatment
and B-hydroxy PB-methylbutyrate supplementation on
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myosteatosis (33), based on an animal study that showed
positive results (34).

The conduct of interventional studies on myosteatosis
faces significant challenges due to the absence of stand-
ardized classification criteria for this condition. The stand-
ardization of criteria is crucial considering that myoste-
atosis can vary widely in terms of location, severity, and
functional impact, which makes it difficult to compare and
generalize results between different studies. Furthermore,
the variation in diagnostic methods and the definition of
inclusion and exclusion criteria can lead to inconsistent
and sometimes contradictory results (35-37).

In view of this, a review study highlighted the need to
develop robust and universally accepted criteria for the
classification of myosteatosis, in order to allow a more
accurate assessment of the effectiveness of therapeutic
interventions. The lack of consensus on these definitions
prevents the construction of a solid evidence base, essen-
tial for the development of effective clinical guidelines and
for the advancement of knowledge in this area (36).

New drugs used in the treatment of T2DM and obesity,
such as tirzepatide, may perhaps provide improvement in
myosteatosis, given their results in the redistribution of
body fat, with a reduction in ectopic fat (38).

8. THE RELEVANCE OF ASSESSING MYOSTEATOSIS
Despite the clear association between adiposopathy and
T2DM, specific data on myosteatosis and changes in gly-
cemic status gain relevance due to the direct pathophys-
iological relationship with T2DM and the apparently
early contractile dysfunction that myosteatosis can cause
(15, 16). The loss of muscle quality due to fat infiltration
generates an early reduction in strength, apparently be-
fore leading to loss of muscle quantity, so there are pros-
pects that the assessment of myosteatosis will gain visi-
bility in the context of the assessment of sarcopenia and
clinical practice (2, 3). Data from Mijkovic et al. (2020) (16)
indicate that myosteatosis is associated with T2DM inde-
pendently of abdominal fat. Therefore, the assessment of
ectopic fat, especially that deposited in skeletal muscle,
has been shown to have an important metabolic role, so
that looking only at abdominal and peripheral fat may no
longer be entirely sufficient.

The improvement of assessment techniques and the
standardization of diagnostic criteria bring expectations
of a greater and more useful approach to myosteatosis in
the clinical management of patients with T2DM or at risk
of developing it.

CONCLUSIONS

Myosteatosis represents a field of research with signifi-
cant implications for public health. Observational studies
have enriched the understanding of this pathology with
regard to associated metabolic diseases and the tests used
to quantify muscle fat accumulation. However, there is no
standardization among the methods of measuring myoste-
atosis. Furthermore, for the conduction of the studies, it is
necessary to take into account the demographic variations.
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Therefore, there is a need for more research to estab-
lish standardized diagnostic criteria for myosteatosis
and to define the pathophysiological mechanisms of this
muscle disorder in the context of T2DM and other met-
abolic changes. Similarly, more intervention studies will
be needed that address therapeutic strategies for these
patients with muscle metabolic changes in a standardized
way, aiming to establish the role and effectiveness of each
intervention in managing these patients.
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Prognostic Impact of Baseline Serum
Creatinine in Patients with Advanced
High-Grade Serous Ovarian Carcinoma
Undergoing Neoadjuvant Chemotherapy
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ABSTRACT

Objective: To evaluate whether baseline serum creatinine is associated with survival outcomes in patients

with advanced high-grade serous ovarian carcinoma undergoing neoadjuvant chemotherapy.

Methods: We retrospectively analyzed 77 patients treated between 2009 and 2018. Patients were stratified by baseline
serum creatinine levels (<84 vs. 284 umol/L), and survival outcomes were assessed using Kaplan-Meier analysis.
Results: No statistically significant differences in progression-free or overall survival were observed between groups.

A trend toward shorter OS in the elevated creatinine group did not reach significance.

Conclusion: Baseline serum creatinine was not found to be a statistically significant prognostic marker in this cohort.
These results highlight the need for adjusted analyses incorporating established prognostic factors in future research.
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INTRODUCTION

In patients newly diagnosed with advanced high-grade
serous ovarian, tubal, or peritoneal carcinoma deemed
primarily inoperable, neoadjuvant chemotherapy is the
standard treatment approach. Typically, 3-4 cycles of
combination chemotherapy with paclitaxel and carbopla-
tin are administered, with the exact number depending
on tumor response and assessment of operability prior
to planned interval debulking surgery. For patients with
poorer performance status and significant comorbidities,
carboplatin monotherapy may be considered, with prior-
ity given to maintaining dose intensity, such as through
weekly regimens. Prior to each chemotherapy cycle, stand-
ard laboratory assessments include complete blood count,
electrolytes (sodium, potassium, chloride), urea, creati-
nine, uric acid, bilirubin, alanine aminotransferase (ALT),
and aspartate aminotransferase (AST). These parameters
are crucial not only for determining the appropriate dose
of carboplatin but also for monitoring potential adverse
effects of systemic treatment, such as anemia, nausea,
vomiting, or deterioration of renal function.

Previous studies have demonstrated that overall health
status and performance status (PS) significantly influence
both progression-free survival (PFS) and overall survival
(0S) (1). At some institutions, the KELIM score is currently
employed as a predictor of resistance to platinum-based
therapies, significantly influencing PFS and OS. This score
is also important for planning subsequent treatments,
such as maintenance therapy with PARP inhibitors (2).
Several prior studies have evaluated the prognostic sig-
nificance of serum creatinine levels across various malig-
nancies, including colorectal cancer, prostate cancer, and
urothelial carcinoma (3-5).

It is therefore hypothesized that elevated serum cre-
atinine, indicative of impaired renal function, might ad-
versely affect the prognosis of patients with advanced
high-grade serous ovarian carcinoma by necessitating
dose reductions or premature discontinuation of che-
motherapy. This retrospective cohort study aimed to in-
vestigate whether baseline serum creatinine levels serve
as an additional prognostic parameter affecting PFS and
OS in stage III and IV patients undergoing neoadjuvant
chemotherapy.

METHODS

STUDY POPULATION AND DATA COLLECTION

This retrospective, single-center cohort study included
77 patients with histologically confirmed advanced high-
grade serous ovarian, tubal, or peritoneal carcinoma treat-
ed between 2009 and 2018. Inclusion criteria were: com-
pletion of four cycles of neoadjuvant chemotherapy with
carboplatin and paclitaxel, interval debulking surgery,
and at least four cycles of postoperative chemotherapy.
Patients who discontinued treatment prematurely due to
disease progression, toxicity, surgery ineligibility, or in-
complete data were excluded. This selection was made to
ensure a homogeneous cohort with consistent treatment
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exposure, reducing potential confounding factors and in-
creasing the validity of comparisons.

The primary aim was to evaluate whether baseline se-
rum creatinine levels predict oncologic outcomes. Patients
were stratified into two groups according to their baseline
serum creatinine: those with levels below 84 pmol/L and
those with levels equal to or above 84 pmol/L, in accor-
dance with the local reference range. The primary end-
points were progression-free survival (PFS) and overall
survival (OS), measured from the date of diagnosis to the
date of radiologically confirmed progression or death,
respectively.

Baseline serum creatinine levels were obtained from
hospital electronic medical records (NIS, Medicalc) at the
time of the first neoadjuvant chemotherapy cycle. Diag-
nosis date, date of disease progression (based on CT imag-
ing), and date of death were retrieved to assess PFS and OS.

Patient characteristics such as age, menopausal status,
hormone replacement therapy (HRT) use, parity, CA-125
level, BMI, FIGO stage (III vs. IV), and postoperative sur-
gical residuum were also collected. FIGO staging and re-
sidual tumor status were confirmed from surgical and
pathological reports. Optimal cytoreduction was defined
as RO (no macroscopic residual tumor) or R1 (macroscopic
residual tumor <1 cm); suboptimal cytoreduction was de-
fined as R2 (macroscopic residual tumor >1 cm).

Statistical analyses were performed using NCSS 2023
software (NCSS, LLC., Kaysville, Utah, USA). Descriptive
statistics were presented as absolute and relative frequen-
cies for categorical variables, and means or medians with
range for continuous variables. Kaplan-Meier survival
analysis and log-rank tests were used to evaluate PFS and
OS. Differences in categorical variables (FIGO stage, surgi-
cal residuum) between creatinine groups were evaluated
using Fisher’s exact test. Significance was set at a = 0.05.
A post hoc power analysis was conducted using a two-sid-
ed comparison of means based on the observed 6-month
difference in overall survival between groups. The stan-
dard deviation (SD = 4.7 months) was calculated direct-
ly from the distribution of overall survival in the study
cohort.

This retrospective study was conducted in accordance
with the Declaration of Helsinki and was approved by
the Ethics Committee of the University Hospital Hradec
Krélové. The requirement for individual informed con-
sent was waived due to the retrospective design and an-
onymized data handling.

SERUM CREATININE ASSESSMENT

Measurement of serum creatinine (S-crea) is part of rou-
tine daily clinical practice. It is a cost-effective and com-
monly used method, although its interpretation can be
challenging. Clinicians recognize that serum creatinine
levels are influenced by muscle catabolism and can thus
be either decreased or increased under various conditions
such as anorexia, obesity, or after physical exertion. Iden-
tical serum creatinine values can correspond differently
to glomerular filtration rate (GFR), which depends on gen-
der, age, height, weight, and ethnicity (6). Physiologically
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and pathophysiologically, creatinine secretion occurs in
the renal tubules, explaining why creatinine clearance
often overestimates the actual GFR. This overestimation
can be unpredictable and may fluctuate over time in in-
dividual patients (7). Serum creatinine levels are also af-
fected by patient nutrition, particularly a protein-rich
diet. Nutritional enteral support with high protein con-
tent, which many patients receive, should also be con-
sidered (8). Additionally, literature describes extrarenal
creatinine clearance by intestinal bacteria, contributing
to reduced excretion, especially in patients with chronic
kidney disease (9). Establishing correct reference inter-
vals is difficult due to variations influenced by age, gen-
der, and ethnicity. These variations were addressed by
Pottel et al., who established age - and gender-specific in-
tervals, mainly for the Caucasian population. Serum cre-
atinine physiologically declines after birth, subsequently
increases linearly with age, and remains relatively con-
stant between 20-70 years of age in healthy individuals.
In women over 70 years, serum creatinine levels physio-
logically increase (10). Tracking serum creatinine trends
over time in individuals, particularly older adults, is more
advantageous than relying solely on a single measure-
ment, although even one measurement can indicate po-
tential renal dysfunction (11).

Serum creatinine was measured using a COBAS 8000
analyzer (Roche, Mannheim, Germany) in the certified
laboratory at University Hospital Hradec Kralové. The
enzymatic method employed involves converting creati-
nine to glycine, formaldehyde, and hydrogen peroxide
through enzymes creatininase, creatinase, and sarcosine
oxidase. Released hydrogen peroxide reacts catalytically
with peroxidase, 4-aminophenazone, and HTIB to form
a quinoneimine chromogen. The color intensity of this
chromogen is directly proportional to the creatinine con-
centration in the reaction mixture. The local laboratory
reference range for women is 45-84 pmol/L.
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RESULTS

DESCRIPTIVE STATISTICS

Baseline characteristics stratified by serum creatinine are
presented in Table 1. The median age was 64 years (range
31-87) in the normal creatinine group and 66 years (range
40-85) in the elevated group, with mean ages of 63.8
(SD 9.2) and 65.0 (SD 8.8), respectively. Postmenopausal
status predominated in both groups (95% vs. 94%). Hor-
mone replacement therapy use was reported in 7% of the
normal group and 6% of the elevated group.

The median baseline CA-125 level was 1043 kU/L in the
normal creatinine group and 1132 kU/L in the elevated
group. Median BMI was comparable (25.6 vs. 26.0 kg/m?).
Suboptimal cytoreduction (R2) occurred in 31% of patients
with normal creatinine versus 78% in the elevated group.
RO resection was achieved in 49% and 22%, respectively,
while no R1 resections occurred in the elevated creatinine
group.

FIGO stage IlI disease was present in 80% of the normal
creatinine group and 83% of the elevated group. Stage IV
was found in 20% and 17%, respectively. Smoking preva-
lence was 7% versus 11%, arterial hypertension was not-
ed in 22% versus 28%, and diabetes mellitus in 14% ver-
sus 22%, for the normal and elevated creatinine groups,
respectively.

GROUP STRATIFICATION AND OUTCOMES

Patients were divided into two groups based on baseline
serum creatinine (S-crea): those with levels <84 umol/L
(normal range) and those with levels >84 pumol/L. There
were 59 patients (76.62%) in the normal S-crea group and
18 patients (23.38%) in the elevated S-crea group. Among
the patients with normal S-crea, 80% had stage III and
20% had stage IV; among those with elevated S-crea, 83%
had stage Il and 17% had stage IV. There was no significant

Tab. 1 Descriptive parameters and their frequencies in the study cohort.

Normal S-crea <84 pmol/L (n=59)

Median 64 (range 31-87)
Mean 63.8 (SD 9.2)

Parameter

Agein years

Premenopausal: 3 (5%)
Postmenopausal: 56 (95%)

Menopausal status

HRT use 4 (7%)
CA-125 (kU/L) Median 1043
BMI (kg/m?) Median 25.6

Postoperative residuum

FIGO stage I1l: 47 (80%), IV: 12 (20%)
Smoking 4 (7%)
Arterial Hypertension 13 (22%)

Diabetes mellitus 8 (14%)

RO: 29 (49%), R1: 12 (20%), R2: 18 (31%)

Elevated S-crea 284 pmol/L (n=18)

Median 66 (range 40-85)
65 (SD 8.8)

Premenopausal: 1 (6%)
Postmenopausal: 17 (94%)

1(6%)

Median 1132

Median 26.0

RO: 4 (22%), R1: 0 (0%), R2: 14 (78%)
I11: 15 (83%), IV: 3 (17%)

2 (11%)
5(28%)
4 (22%)
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difference in FIGO stage distribution between the two cre-
atinine groups (p = 0.462).

In terms of surgical outcomes, 69.5% of patients in the
normal S-crea group had RO/RI resection compared to
44.4% in the elevated S-crea group. Conversely, 30.5% of
the normal S-crea group and 55.6% of the elevated group
had R2 resection. This difference was not statistically sig-
nificant (p = 0.120), although a trend toward worse surgi-
cal outcome in the elevated creatinine group was noted.

Regarding survival outcomes, there was no statistically
significant difference in PFS between the two groups. The
median PFS was 14 months (95% CI: 13-17) in the normal
creatinine group compared to 12 months (95% CI: 9-15)
in the elevated creatinine group (p = 0.951). Similarly,
OS was not significantly different, although numerically
shorter in the elevated creatinine group. The median OS
was 31 months (95% CI: 22-41) in the normal group com-
pared to 25 months (95% CI: 14-32) in the elevated group
(p = 0.316). Figure 1 and Figure 2 presents the PFS and OS,
respectively. A post hoc power analysis based on the ob-
served OS difference (31 vs. 25 months) and the calculat-
ed SD of 4.7 months indicated a statistical power of 99.7%,
suggesting a very low probability of Type II error.

DISCUSSION

This retrospective single-center study investigated wheth-
er baseline serum creatinine levels have prognostic value
in patients with advanced high-grade serous ovarian car-
cinoma undergoing neoadjuvant chemotherapy. Although
the differences did not reach statistical significance, pa-
tients with elevated creatinine levels had numerically
shorter progression-free and overall survival, as well as
a higher rate of suboptimal cytoreduction (R2). These find-
ings suggest that serum creatinine may reflect underlying
physiological vulnerability or treatment tolerance, and
therefore may hold potential as a supportive prognostic
marker.

Our data showed that patients with elevated serum cre-
atinine were less likely to achieve optimal cytoreduction.
While 69.5 percent of patients with normal creatinine lev-
els underwent RO or R1 resection, only 44.4 percent in the
elevated creatinine group did so. Conversely, the rate of
suboptimal cytoreduction (R2) was higher in the elevated
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Fig. 1 Progression-free survival (PFS).
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creatinine group. Although the difference was not statis-
tically significant, this trend may indicate impaired surgi-
cal outcomes in patients with compromised baseline renal
function. A similar trend was observed in overall survival,
where patients with elevated creatinine had a median OS
of 25 months compared to 31 months in the normal group.
These associations, while not conclusive, are clinically rel-
evant and warrant further investigation.

In recent years, interest has grown in identifying
pre-treatment laboratory markers that reflect systemic
inflammation, nutritional status, or comorbidity burden.
Studies have shown that markers such as IL-37 and plas-
ma fibrinogen may outperform traditional tumor markers
like CA-125 in prognosticating advanced epithelial ovarian
cancer (12, 13). These data support the notion that simple
blood-based biomarkers can contribute to risk stratifica-
tion. Nutritional status is also known to impact outcomes.
Low albumin levels, for example, have been linked to de-
layed wound healing, which in turn may postpone adju-
vant chemotherapy and negatively affect prognosis (14).
Creatinine levels, although primarily associated with renal
function, are also influenced by muscle mass and protein
intake, both of which relate closely to nutritional status
and frailty. Emerging evidence also points to the role of
physical activity in improving cancer outcomes. Kanbay et
al. demonstrated that exercise reduces inflammation and
oxidative stress while enhancing cardiovascular function
and immune competence, all of which are likely to con-
tribute to improved tolerance of systemic treatment and
potentially better survival (16).

This study has several limitations, primarily its retro-
spective design, which restricts control over confounding
factors. BRCA mutation status was unavailable for most
patients, as routine testing was only implemented later
in the study period. Although the cohort size was modest,
a post hoc power analysis based on patient-level surviv-
al data (o = 0.05, pooled SD = 4.7 months, n = 59 vs. 18)
demonstrated approximately 99.7% power to detect the ob-
served 6-month OS difference. This suggests that the lack
of statistical significance is unlikely to be due to insuffi-
cient sample size. However, given the inherent limitations
of retrospective analyses, these findings should be inter-
preted with caution and validated in prospective studies.

Inlight of our findings, serum creatinine may not serve
as a standalone prognostic factor, but rather as a surrogate
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for broader patient-related variables such as comorbidi-
ties, nutritional state, and functional reserve. The ob-
served trends highlight the need for prospective studies
to determine whether baseline creatinine, in combination
with other biomarkers, could reliably support clinical de-
cision-making in this population.

CONCLUSIONS

Our retrospective study found a non-significant trend to-
ward shorter survival in patients with elevated baseline
serum creatinine undergoing treatment for advanced
ovarian cancer. While not sufficient to establish serum
creatinine as an independent prognostic factor, these find-
ings warrant further prospective evaluation of its poten-
tial role in combination with other clinical and biochem-
ical markers.
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Comparative Analysis of Immaturity

CD Markers Expression between
Pediatric and Adult Acute Lymphoblastic
Leukemia: Insights and Implications

for Diagnostic and Therapeutic Strategies
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ABSTRACT

Objective: The objective of this study is to assess the expression levels of different immaturity CD markers in diverse subtypes of Acute
Lymphoblastic Leukemia (ALL) among children and adults, and determine any statistically significant variations in marker expression
between these two groups.

Methods: This dataset included CD marker expressions (CD34, HLA-DR, TdT, and CD38) for 130 ALL patients (51 pediatric B-ALL, 16 pediatric
T-ALL, 44 adult B-ALL, and 19 adult T-ALL patients). The Shapiro-Wilk test analysis was conducted to check for normality distribution in
all data points before proceeding with the statistical analysis test. As a result for each marker within these subtypes, descriptive statistics
were calculated. Independent samples t-tests were initially conducted to compare mean expression levels of CD markers between groups.
Moreover, since non-normal distributions are likely to occur, Mann-Whitney U tests were used for Pediatric T-ALL and Adult T-ALL.
Results: Descriptive analysis indicated variability in CD marker expression levels among the different subtypes of ALL. Both t-tests and
Mann-Whitney U tests revealed statistically significant differences (p < 0.05) in the expression levels of CD markers between pediatric
and adult groups, or between B-ALL and T-ALL groups.

Conclusion: Significant differences have been identified using different analysis methods across the studied groups. The investigation
analyzes the expression levels of CD34, HLA-DR CD38, and TdT within pediatric B-ALL patients and pediatric T-ALL patients along with
adult B-ALL patients and adult T-ALL patients. The patterns need appreciation because they might reveal biological differences at their
base which influence disease development and both treatment results and patient survival outcomes.
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Immature CD Markers in Pediatric vs. Adult ALL

INTRODUCTION

Acute Lymphoblastic Leukemia (ALL) develops as lym-
phoid malegnancy that presents as uncontrolled lym-
phoid precursor cell growth which leads to the buildup
of unmatured lymphocytes throughout the bone marrow
and outside the marrow sites (1). The occurrence of acute
lymphoblastic leukemia represents the highest frequen-
cy among pediatric malignancies such that this disease
type affects both children and adults but demonstrates
more aggressive behavior among elderly patients (2). The
research targets lymphoid leukemias exclusively despite
the possibility for hematological cancers to develop from
myeloid and lymphoid origins.

The classification of ALL includes two primary types
defined by their cellular origins between B-cell and T-cell
lymphoid cells. Different All subtypes require unique di-
agnostic methods and personalized treatment strategies
because they present separate biological characteristics
as well as prognostic features (3). Flow cytometry uses
a cluster of differentiation markers to analyze cell surface
and cytoplasmic proteins through a process that diagnoses
and classifies lymphoid leukemias effectively (4). The cell
markers defining B-lineage ALL include CD10 and CD19 in
combination with CD20 while T-lineage ALL shows pos-
itive results for markers CD2 and CD3 and CD7. The ob-
tained immunophenotypic information about leukemia
delivers vital biological information for designing the
treatment strategy.

Therefore, Adult patients who have lymphoid leuke-
mias show worse medical results compared to pediatric
patients despite recent treatment innovations with tar-
geted treatments and immunotherapies (5). The observa-
tion highlights the need to analyze immune and molecular
patterns that exist between pediatric and adult ALL along
with B-ALL and T-ALL subtypes. The research design in
this study aims to discover systematic expression differ-
ences of immaturity markers which include CD34, CD38,
HLA-DR, and TdT rather than asserting that B-ALL and
T-ALL are Equivalent groups. Research analysis between
these profiles allows us to create more precise diagnos-
tic methods and better subgroup the lymphoid leukemia

Tab. 1 Previous Related Studies.

Method Results
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category while discovering new biomarkers that enhance
both treatment predictions and customized therapeutic
plans (6).

This study analyzes the distribution of immature CD
markers (CD34, CD38, HLA-DR, TdT) which appear in var-
ious leukemia and lymphoma diagnoses for pediatric and
adult patients. Our goal after examining these markers
will be to make decisions about diagnostic criteria along
with refining subclassification protocols. Targeted therapy
can become more achievable with the adoption of an im-
proved diagnostic system that benefits facilities that lack
advanced immunophenotyping tools. The objective of this
study is to identify valuable details for risk assessment and
treatment strategy development instead of tracking treat-
ment outcomes between B-ALL and T-ALL patient groups.

The objective of this study differed from diagnostic cat-
egory redefinition since B-ALL and T-ALL markers already
distinguish between these subtypes. The research inves-
tigated how immaturity-associated markers (CD34, TdT)
displayed their expression patterns both between and
within subtypes in children versus adult populations be-
cause these findings could help improve treatment strat-
egies and prognostic forecasting and minimal residual
disease (MRD) testing methods particularly in locations
where advanced tests are scarce.

PREVIOUS STUDIES

Acute Lymphoblastic Leukemia CD markers can be used as
diagnostic tools for diagnosis, prognosis, and therapy, Por-
wit et al. (2019) carried out a detailed study on the immu-
nophenotypic characteristics of pediatric ALL stressing
the importance of CD10, CD19, and CD34 in B-ALL; while
T-ALL is characterized by CD2, CD3, and CD7 (7). They also
found that bad outcome was associated with poor clinical
prognostication significance of high expression of CD34.
Similarly, Emmirc et al. (2022) focused on adult ALL and
characterized distinctive patterns of expression of differ-
ent subtypes using different CD markers such as B-lym-
phoid or T-lymphoid origin. They stressed the fact that
fluctuation in marker intensity might lead to personal-
ized treatment options based on changing levels of protein

Immunophenotypic Characteristics of
Pediatric Acute Lymphoblastic Leukemia
Flow cytometric examination of CD
markers in children suffering from ALL

Immunophenotypic Analysis of Adult
Acute Lymphoblastic Leukemia
undergoing flow cytometry immu-
nophenotyping

Comparative Analysis of CD Mark-

er Expression in Pediatric and Adult
ALL Patients Differentiation between
pediatric and adult ALL is made by
studying the variation between their
corresponding CD marker profiles using
flow cytometry

CD10, CD19, and CD34 were recognized
as significant markers in B-ALL while
those of T-ALL included CD2, CD3, CD7
and CD34

B-ALL and T-ALL subtypes had different
levels of expression for the same CD
markers, showing that the variations in
the expression are large. Included only
adult patients

The differences between pediatric and
adult leukemias were obvious as well
as those between B-cell acute lympho-
cytic leukemia (B-ALL) and T-cell acute
lymphocytic leukemia (T-ALL)

Limitations Authors
More Samples need to be investigated (10)
Small sample size (12)
No clinical outcome data was provided (12)

for these cases that did not relate CD
marker profile to pathogenesis which
may have required a larger sample size
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expression (8). In their recent study Mahapatra et al., 2019
employed flow cytometry to investigate a broad panel of
previously established and newly published markers ex-
pressed in ALL patients both children and adults revealing
differences within age groups and between subtypes (9).
Despite this progress however, more comprehensive stud-
ies are needed to fully understand the biological and clin-
ical relevance of such antigens, especially during a period
wherein novel targeted therapies including monoclonal
antibodies are being developed for use against them in this
disease. Table 1 shows previous related studies.

METHOD

STUDY DESIGN AND PATIENT POPULATION

The study used retrospective observational methods to
measure CD markers associated with immaturity in the
blood cells of both pediatric and adult patients with ALL.
This research analyzed 130 patients with newly diagnosed
ALL who were subdivided based on their age together with
their immunophenotypic subtype.

e DPediatric B-ALL: 51 patients

Pediatric T-ALL: 16 patients

Adult B-ALL: 44 patients

Adult T-ALL: 19 patients

Laboratory testing was conducted according to EGIL crite-
ria and determined B-lineage through CD19/CD79a marker
analysis or T-lineage through CD3/CD7/CD2 marker test-
ing. Patients who had biphenotypic or mixed phenotype
ALL were excluded from the study.Moreover, the main
samples used in this study came from bone marrow aspi-
rates which patients provided at their diagnosis stage. The
analysis used peripheral blood samples when bone mar-
row aspiration proved unavailable while meeting the re-
quirements of WHO recommendations for flow cytomet-
ric immunophenotyping and having blast cells at or above
20% in the samples. Moreover, a retrospective descriptive
study designed to include 130 pediatric (aged < 18 years)
and adult patients (>18 years) with newly diagnosed ALL
who were admitted to the hematology unit at Medical City
Hospital in Baghdad for the period between July 2022 and
July 2024.

DIAGNOSTIC CRITERIA AND CLASSIFICATION

All patients have data for clinical parameters, complete
blood pictures, bone marrow examination, and immu-
nophenotypes. The diagnosis was based on cytomorphol-
ogy of the peripheral blood and/or bone marrow aspirate
samples by an expert hematopathologist in the laboratories

Tab. 3 Shapiro-Wilk Test for Normality of CD Marker Expression.
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of Medical City Hospital. Fundamental types of B-ALL
and T-ALL diagnosis followed both the WHO classification
guidelines from 2017 and the recommendations of EGIL.

FLOW CYTOMETRY AND DATA ACQUISITION

This study performed leukemic blast marker analysis
on BD FACSCanto II flow cytometer (BD Biosciences) lo-
cated in San Jose, CA. Scientists employed monoclonal
antibodies attached to fluorochromes to detect different
cell markers during their analysis. Table 2 shows mono-
clonal antibodies used in this study for Flow Cytometric
Immunophenotyping.

Tab. 2 Monoclonal Antibodies.

Marker Fluorochrome Clone Manufacturer
CcD10 FITC HI10a BD Biosciences
CD19 PE HIB19 BD Biosciences
CD34 APC 581 BD Biosciences

HLA-DR PerCP L243 BD Biosciences

TdT FITC HT-6 Beckman Coulter
CD38 PE-Cy7 HIT2 BD Biosciences
CD3 APC UCHT1 BD Biosciences
CD2 PerCP RPA-2.10 BD Biosciences
Cb7 FITC M-T701 BD Biosciences

The study used BD Biosciences and Beckman Coulter
as its source for antibody procurement. Before cytometry
analysis, the sample preparation process involved washing
bone marrow or peripheral blood while lysing RBCs before
suspending the solution in PBS reagent.

DATA ANALYSIS SOFTWARE

AND NORMALITY TESTING

BD FACSDiva™ v8.0 software enabled data acquisition
while also preprocessing the data in a manner that ena-
bled the use of gating to remove debris and doublets and
therefore separate the blast population. The software pro-
gram BD FACSDiva™ v8.0 registered Median Fluorescence
Intensity (MFI) values for each population as part of the
data acquisition process. The researchers transferred MFI
values to ensure statistical analysis through IBM SPSS Sta-
tistics version 23.

The Shapiro-Wilk test checked for normality distri-
bution in all data points before running statistical proce-
dures as shown in Table 3. The Shapiro-Wilk test served to
determine between using parametric or non-parametric
tests during comparisons. Results from normality testing

CD Marker Pediatric B-ALL (n =51) | Pediatric T-ALL(n=16) @ Adult B-ALL (n = 44) Adult T-ALL (n = 19)
CD34 p-value = 0.128 p-value = 0.041 p-value = 0.212 p-value = 0.002
HLA-DR p-value = 0.093 p-value = 0.004 p-value = 0.452 p-value = 0.031
TdT p-value = 0.254 p-value = 0.021 p-value = 0.376 p-value = 0.023
CD38 p-value = 0.317 p-value = 0.065 p-value = 0.152 p-value = 0.019
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methods appear in the following table regarding group
and CD marker assessment.

COMPARATIVE AND CORRELATION ANALYSIS
Parametric Tests (Independent t-tests) were conducted
in this study due to their design that can handle normal-
ly distributed data for Pediatric B-ALL and Adult B-ALL.
Moreover, Non-parametric Tests (Mann-Whitney U tests)
were conducted for data that did not follow a normal dis-
tribution which are Pediatric T-ALL and Adult T-ALL.

The following comparisons were made:

Pediatric B-ALL along with Adult B-ALL

Pediatric T-ALL along with Adult T-ALL

Pediatric B-ALL along with. Pediatric T-ALL

Adult B-ALL along with Adult T-ALL

Furthermore, Pearson correlation was used to study rela-
tionships in marker expression across subtypes. The sig-
nificance threshold p < 0.05 was adopted for all statistical
tests.

DATA PREPROCESSING AND MISSING

VALUE IMPUTATION

Missing values (<5%) were replaced using mean substitu-
tion in the Adult B-ALL and Adult T-ALL groups under the
assumption of random occurrence. Expression data were
normalized to reduce scale-based variances that could in-
fluence group comparisons.

ETHICAL CONSIDERATIONS

The study protocol was examined and approved by the
Institutional Review Board or Ethics Committee. Written
informed consent was obtained from the guardians in the
case of minors and from adult patients, following proce-
dures in line with the Declaration of Helsinki.

PRACTICAL IMPLICATIONS

Powerful diagnostic and prognostic details can be ex-
tracted from simple immunophenotypic assays using the
CD34, HLA-DR, TdT, and CD38 marker combinations, par-
ticularly in a resource-constrained setting. Therefore, this
enables the classification of B-ALL and T-ALL subtypes by
cytometry experts, thus assisting in diagnostic and man-
agement decisions in an environment with limited labo-
ratory services.
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RESULTS

CD marker descriptive statistics across the four groups
such as Pediatric B-ALL, Pediatric T-ALL, Adult B-ALL, and
Adult T-ALL showed variability in marker expression. Ta-
ble 4 and Figure 1 show Key findings from the descriptive
statistics.

Table 4 summarizes the mean and standard deviation
(SD) values of some main CD markers among different
patient groups. CD34 has higher average expressions in
Pediatric B-ALL and Adult B-ALL compared to their coun-
terparts of T-All. Such patterns resemble those of HLA-DR
and TdT. To evaluate and conduct a more comparative
analysis, independent samples t-tests were performed.
Table 5 and Figure 2 show the initial comparison using in-
dependent samples t-tests.

These p-values imply that no significant changes
(p < 0.05) in the CD34, HLA-DR, and TdT expression levels
were found in data of Pediatric B-ALL compared to Adult
B-ALL or between Pediatric T-ALL and Adult T-ALL. How-
ever, some markers showed marginal significance when
comparing Pediatric B-ALL vs Pediatric T-ALL. There-
fore, since non-normal distributions are likely to occur,
Mann-Whitney U tests were used, Table 6 and Figure 3
show the results from Mann-Whitney U tests.

The t-test results indicate that most of the Mann-Whit-
ney U tests for the comparison between groups did not
reach statistical significance for CD marker expression
levels except for some marginal significance in the case of
Pediatric B-ALL vs. Pediatric T-ALL comparisons.

Moreover, there are other categories such as Pediatric
B-ALL, Pediatric T-ALL, Adult B-ALL, and Adult T-ALL in
which a correlation matrix of CD markers can shed light
on relationships between the expression levels of these
markers. It is noted that there exists a higher positive
correlation (r = 0.981) between Pediatric B-ALL and Adult
B-ALL indicating great similarity in the expression of
CD markers among these two groups suggesting that im-
munophenotypic profiles concerning B-cell ALL remain
consistent not only within pediatric but also across adult
patients. Similarly, a high positive correlation (r = 0.892)
between Pediatric T-ALL and Adult T-ALL indicates the
closeness in their patterns of CD marker expression across
different age ranges for individuals diagnosed with this
disease type. On the other hand, however, there was a very
low correlation (r = 0.013) between Pediatric B-ALL and
Pediatric T-ALL which points out to differences between

Tab. 4 Descriptive Statistics of CD Marker Expression in ALL Patients (Values Expressed in Median Fluorescence Intensity [MFI] Units).

CD Marker | Pediatric B-ALL (n = 51) Pediatric T-ALL (n = 16) Adult B-ALL (n = 44) Adult T-ALL (n = 19)

CD34 Mean = 42, SD = 17.88, Mean =7, SD = 5.48, Mean = 36, SD = 16.97, Mean = 8, SD = 6.36,
IQR = 30-54 IQR =4-9 IQR = 25-47 IQR = 5-10

HLA-DR Mean = 51, SD = 17.88, Mean =1, SD = 5.48, Mean = 44, SD =16.97, Mean = 6, SD = 6.36,
IQR = 38-64 IQR = 0-2 IQR = 33-56 IQR = 3-8

TdT Mean =42,SD =17.88, Mean = 10, SD = 5.48, Mean = 41, SD = 16.97, Mean =16, SD = 6.36,
IQR = 30-55 IQR = 7-13 IQR = 30-53 IQR = 12-19

CD38 Mean = 60, SD = 15.5, Mean = 28, SD = 10.2, Mean = 55, SD = 14.6, Mean = 25, SD = 11.4,
IQR = 50-70 IQR = 20-35 IQR = 44-66 IQR = 18-33
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cD p-value p-value p-value p-value
Marker (Pediatric B-ALL (Pediatric T-ALL (Pediatric B-ALL (Adult B-ALL
vs. Adult B-ALL) vs. Adult T-ALL) vs. Pediatric T-ALL) vs. Adult T-ALL)
CD34 0.456 0.789 0.034 0.067
HLA-DR 0.112 0.543 0.002 0.145
TdT 0.678 0.123 0.021 0.054
CD38 0.200 0.045 0.035 0.090
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Tab. 6 Mann-Whitney U Tests for CD Marker Expression Between Patient Groups.

cD p-value p-value p-value p-value

Marker (Pediatric B-ALL (Pediatric T-ALL (Pediatric B-ALL (Adult B-ALL
vs. Adult B-ALL) vs. Adult T-ALL) vs. Pediatric T-ALL) vs. Adult T-ALL)
CD34 0.025 0.001 0.030 0.019

HLA-DR 0.015 0.067 0.001 0.039

TdT 0.051 0.009 0.019 0.149

CD38 0.022 0.045 0.035 0.080
Mann-Whitney U Test p-values for CD Marker Expression
- Between ALL Patient Groups
' (mmm Pediatric B-ALL vs Adult B-ALL |
| B Pediatric T-ALL vs Adult T-ALL
0.175 - | B Pediatric B-ALL vs Pediatric T-ALL
|mmE Adult B-ALL vs Adult T-ALL

0.150

0.125 -
g
S 0.100 -
%
Qo

0.075 4

Significance threshold (p = 0.05)

0.050

0.025 -

0.000 -

CD34 HLA-DR TdT CD38

Fig. 3 Mann-Whitney U Test p-values.

Tab. 7 Correlation Analysis Results.

CD Marker Pediatric B-ALL (51) Pediatric T-ALL (16) Adult B-ALL (44) Adult T-ALL (19)
Pediatric B-ALL (51) 1 0.013295 0.981065 0.134304565
Pediatric T-ALL (16) 0.013295 1 -0.1355 0.892212673
Adult B-ALL (44) 0.981065 -0.1355 1 0.110501866
Adult T-ALL (19) 0.134305 0.892213 0.110502 1

those subtypes concerning CD marker expressions among
children. Table 5 shows the correlation results analysis.
In addition, a correlation matrix was constructed to
evaluate the relationships between the expression lev-
els of these markers across the different patient groups.
A very high positive correlation (r = 0.981) was found be-
tween Pediatric B-ALL and Adult B-ALL, suggesting that
the immunophenotypic profiles of B-cell ALL are remark-
ably consistent across age groups. Similarly, a strong pos-
itive correlation (r = 0.892) was observed between Pedi-
atric T-ALL and Adult T-ALL, indicating that T-cell ALL
maintains similar marker expression patterns in children
and adults. In contrast, there was an extremely low cor-
relation (r = 0.013) between Pediatric B-ALL and Pediatric

T-ALL, underscoring marked differences in CD mark-
er expression between these two pediatric subtypes.
Table 7 presents the detailed results of this correlation
analysis.

In addition, another one can note that the low correla-
tion (r = 0.111) between Adult B-ALL and Adult T-All may
indicate that the adult subtype has different levels of ex-
pression of these antigens as compared with the pediat-
ric one. This analysis highlights the fact that over similar
age ranges both subtypes held a more constant pattern for
each given subtype (B-cell or T-cell ALL). While these ob-
servations show that within-age-group variation remains
significant; they emphasize nothing else other than the
consistency within rather than between types of leukemia
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when considering age varieties. This uniformity validates
application concerning classification using certain leu-
kemic blood components like its marker system.

DISCUSSION

The findings from this study help to reveal the core features
of ALL in various age groups and different subtypes. One
of the most important observed phenomena was related to
CD34 and HLA-DR expression patterns. Hence, both pedi-
atric and adult individuals showed high levels of its ex-
pression for B-ALL as compared with those for the T-ALL
group. This finding is also consistent with previous studies
that have shown that it has a poor prognosis since it relates
to primitive hematopoietic progenitor cells during early
B-cell development as well as supports early B-cell devel-
opment through homing. Of great importance is the fact
that B-ALL patients had higher CD34 expressions similar
to a study that highlights the prognostication role played
by high CD34 counts in childhood leukemia including in-
fant acute lymphoblastic leukemia. Several possibilities
may exist, however, lack of statistically significant differ-
ences in CD marker expression between the groups.

The study examined CD38 immaturity marker ex-
pression and its patterns alongside other markers. The
collected data about CD38 expression strengthened the
analysis of ALL immunophenotypic characteristics even
though the results were not statistically significant for
every group. CD38 serves a dual purpose during cellular
activation and differentiation processes and its changing
expression patterns might indicate distinctive biologi-
cal features between subtypes combined with age-relat-
ed characteristics. The observed data demonstrated that
B-ALL expression levels exceeded T-ALL expression pro-
files of CD38 which matches historical data about its use
in B-cell maturation processes. In addition, the correlative
evaluation showed that both B-ALL and T-ALL subtypes
exhibited similar features among patients from different
age groups. The results show pediatric and adult patients
with B-ALL share identical immunophenotypic profiles
(r = 0.981) while pediatric and adult patients with T-ALL
show strong similarities (r = 0.892). In contrast, the min-
imal correlation between childhood B-ALL and childhood
T-ALL (r = 0.013) highlights the clear immunological dif-
ferences between these subtypes, even within the same age
group. As shown in the results of this study, CD markers
alone may not fully capture the heterogeneity and com-
plexity of disease among different patient populations.
Therefore, it might be necessary to include other molecu-
lar and genetic markers for a better understanding of ALL.
Moreover, these results imply that individual variations
rather than oversimplified group comparisons should
inform personalized diagnostic and therapeutic strate-
gies based on marker expressions. The nominally prog-
nostic significance of CD34, HLA-DR, and TdT proteins
becomes more valuable for clinical assessments through
integration with cytogenetic and molecular assessments
across different age groups. The study lacks survival data
or outcome measures therefore future research involving
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long-term study is required to determine how these anti-
genic expressions influence prognosis. The diagnosis and
classification of ALL in high-resource areas depends on
molecular genetic analysis together with cytogenetic pro-
filing tests. The areas of Iraq and similar regions conduct
their diagnoses primarily using morphology and immu-
nophenotyping because of inadequate infrastructure. The
identification of trustable surface markers proves essen-
tial for simultaneous diagnosis and future disease classi-
fication processes in these settings thus contributing to
better standardized medical care.

CONCLUSION

This research examined the quantitative CD marker ex-
pressions in pediatric and adult patients with acute
lymphoblastic leukemia who had B-ALL and T-ALL can-
cer types. Flow cytometry data provided information for
t-tests along with Mann-Whitney U tests which functioned
as parametric and non-parametric tests respectively to
detect dissimilarities in the group characteristics. Statis-
tical analyses established significant marker expression
disparities between different cell types except for B-ALL
and T-ALL comparison where results showed clear CD34,
HLA-DR, and TdT variations. Patterns of CD38 showed
trends to add understanding to immunophenotypic varia-
tions between different patient groups even though statis-
tical significance was not always achieved. Marker expres-
sion pattern consistency across pediatric and adult groups
within the same subtype received support from descrip-
tive statistics analysis and correlation tests.

The findings demonstrate that ALL exhibits complicat-
ed immunophenotypic characteristics which should not
lead doctors to rely only on CD marker profiles for diag-
nostic decisions or predictive outcomes. The accurate di-
agnosis and individualized understanding of the disease
as a future approach requires combining CD markers with
molecular and genetic markers throughout ALL classifica-
tion stages.
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ABSTRACT

Introduction: This case report aims to showcase the successful application of electron hypofractionated radiotherapy in the treatment
of eyelid basal cell carcinoma (BCC) and squamous cell carcinoma (SCC).

Cases Presentation: Two cases are presented involving a 91-year-old Greek female with nodular BCC and an 88-year-old Greek male with
ulcerative SCC. Both cases were treated with electron 10MeV irradiation using an ELEKTA 5-15MV linear accelerator. In the first case,

a patient with advanced dementia presented with left-upper-eyelid nodular BCC. Following confirmation through biopsy and imaging,
hypofractionated electron-beam radiotherapy was chosen, leading to gradual recession of the lesion and no recurrence at the one-year
follow-up. In the second case, an elderly male with comorbidities had right-upper-eyelid ulcerative SCC. After systemic evaluation ruled out
metastasis, the patient underwent hypofractionated radiotherapy, resulting in unexpected lesion shrinkage, resolution, and absence

of recurrence at the 6-month and one-year follow-ups.

Conclusions: Hypofractionated electron-beam radiotherapy emerges as an effective and well-tolerated alternative for eyelid tumors,
particularly in cases where surgical excision is challenging or contraindicated.
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basal cell carcinoma; squamous cell carcinoma; electron hypofractionated radiotherapy; reverse koebner
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INTRODUCTION

Basal cell (BCC) and squamous cell carcinomas (SCC) are
the two most common malignant neoplasms of the eye-
lids (1-3). Both BCC and SCC primarily involve the lower
lid margin and inner canthus (4, 5). Although BCC is a low
metastatic tumor, it is locally destructive and invasive to
deeper structures, but rarely intraocularly. If BCC is left
untreated, it may result in serious aesthetic and functional
implications due to orbital invasion (6). On the other hand,
SCC tends to metastasize more often than BCC, with lymph
node and distant metastases threatening patients’ life
(7, 8). It is very important to distinguish them from oth-
er eyelid lesions and incisional biopsy is mandatory when
there is suspicion of such lesion. If the diagnosis of SCC is
confirmed, the patient should be checked extensively for
systemic involvement. A series of treatment options have
been described for BCC and SCC. The non-surgical options
include cryotherapy, radiation, topical 5-fluorouracil, top-
ical imiquimod, and photodynamic therapy. Additionally,
systemic therapies have emerged for advanced cases, such
as Erivedge (Vismodegibum), a hedgehog pathway inhib-
itor approved for the treatment of locally advanced or
metastatic BCC (9), and Libtayo (Cemiplimabum), a PD-1
inhibitor used in advanced cutaneous SCC (10). These tar-
geted therapies offer alternative treatment options for
patients unsuitable for surgery or radiation. However,
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for both malignancies, surgical excision remains the gold
standard therapeutic intervention (11). The treatment
of choice depends on the physician’s preference and the
patient’s characteristics.

Radiotherapy (RT) has been established as a viable
treatment modality for BCC and SCC, particularly in the
periocular area. RT offers several advantages, such as the
preservation of anatomical structures and function, mak-
ing it an appealing option for cases where surgical inter-
vention may pose challenges. Additionally, RT is non-inva-
sive, making it suitable for elderly patients or those with
significant comorbidities who may not be ideal candidates
for surgery (12, 13).

Despite its advantages, RT for BCC and SCC of the peri-
ocular area has its limitations. One of the primary con-
cerns is the potential damage to surrounding healthy tis-
sues, which may lead to adverse effects. Furthermore, the
efficacy of RT can be influenced by factors such as tumor
size, location, and histological characteristics. Thus, care-
ful consideration and individualized treatment planning
are crucial to optimize outcomes and minimize potential
complications (14).

The application of hypofractionated radiotherapy has
demonstrated effectiveness and excellent tolerability,
yielding favorable cosmetic results (15). Additionally, the
radiotherapy regimen offers convenience to patients by
minimizing the required visits to Radiotherapy centres.

Fig. 1 Basal Cell Carcinoma of the left upper eyelid. A. Preoperative clinical appearance, B. Clinical picture immediately after biopsy, C. 1
week post hypofractionated electron-beam radiotherapy, D. 1-year-follow-up after hypofractionated electron-beam radiotherapy.
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Within this context, we present two cases of BCC and
SCC, both treated successfully with electron hypofraction-
ated radiotherapy.

CASE PRESENTATION

FIRST CASE

A 91-year-old Greek female was referred to our oculoplas-
tic department in December 2022 for a left-upper-eyelid
nodular and ulcerative lesion with well-defined borders,
loss of eyelashes, and small telangiectatic vessels on its
surface (shown in Fig. 1A). The patient had advanced de-
mentia and no other significant medical history. She was
bilaterally pseudophakic with no other ocular pathology.
A biopsy was performed and confirmed the presence of
nodular BCC (shown in Fig. 1B). Orbit Magnetic resonance
imaging (MRI) excluded metastasis to the orbit and neigh-
bouring tissues. Taking into account the age of the patient,
the location, and the extent of the lesion, treatment op-
tions were discussed with the patient, who opted to under-
go radiotherapy. She was then referred for treatment and
underwent hypofractionated electron-beam radiotherapy
as the best treatment option for her, recommended by
the radiotherapist. She was reviewed one week (shown
in Fig. 1C) and three months after radiation therapy and
showed gradual recession of the lesion. At the one-year
follow-up, the patient had no signs of tumor recurrence
on clinical examination (shown in Fig. 1D).

SECOND CASE
An 88-year-old Greek male was referred to our oculoplas-
tic department in September 2022 for a right-upper-eyelid
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large ulcerative lesion (shown in Fig. 2A). Physical exami-
nation and slit-lamp biomicroscopy revealed a flat, ulcera-
tive, fleshy, hemorrhagic lesion of about 3 cm in diameter,
with irregular borders and scattered necrotic areas. His
medical history included cardiac failure, asthma, diabetes
mellitus type II, hyperuricemia, and normocytic anemia
(with hemoglobin equal to 8.6 g/dL). His ocular history
was unremarkable. Histopathological examination of
a skin biopsy specimen taken one week later from the le-
sion showed features consistent with SCC. Therefore, he
was first referred to a dermatologist, who suggested head,
neck, chest, and abdominal Computed tomography (CT) to
stage the tumor and exclude other malignancies. Orbit CT
and MRI revealed a 2.7 cm cross-diameter heterogeneously
enhanced soft-tissue mass in the right upper eyelid inner
canthal area with intact eye globe, free retrobulbar spaces,
as well as normal and symmetric imaging of the extraoc-
ular muscles and optic nerves bilaterally. A lymph node
of 15 mm in diameter was detected in the left supraclav-
icular region and lymph nodes of marginal diameter were
detected in the left axillary area. A non-clearly defined,
hypo-enhancing, large liver mass was also detected. The
detected lymph nodes and the liver mass were evaluated
by radiotherapists and oncologists and were considered
random, irrelevant to the skin carcinoma, based on the
CT and MRI imaging findings and the radiologists’ sug-
gestions. As a result, the full systemic examination turned
negative and hypofractionated electron-beam radiother-
apy was selected as the most appropriate therapy, taking
into consideration the patient’s age as well as the extent
and the location of the lesion. At the 2-week follow-up
after biopsy, the lesion was unexpectedly significantly
shrunk (reduction of about 1 cm) (shown in Fig. 2B), which
was attributed to possible reverse Koebner phenomenon.

Fig. 2 Squamous Cell Carcinoma of the right upper eyelid. A. First examination in our oculoplastic department, B. two weeks after biopsy,
C. one week after radiotherapy, D. four weeks after completing the irradiation cycle.
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One week following radiotherapy, the lesion was further
reduced in size to approximately 1.5 cm (shown in Fig. 2C).
Four weeks after completing the irradiation cycle, an al-
most complete resolution of the tumor was observed
with clinical appearance of scar tissue present (shown in
Fig. 2D). A post-radiotherapy biopsy was performed at the
6-month follow-up, which revealed no presence of cancer
cells. At the one-year follow-up, the patient had no signs of
tumor recurrence on clinical examination.

Both patients were treated with electron 10MeV irra-
diation, using an ELEKTA 6-15MV linear accelerator. The
choice of 10MeV energy was based on the fact that a lower,
e.g. 6MeV, beam energy is associated with a 20% reduc-
tion of the surface radiation dose, which would demand
a1,5 cm bolus material over the lesion to assure 100% of the
dose to the cancer surface. This would allow an adequate
dose coverage up to a depth of no more than 1 cm (https://
oncologymedicalphysics.com/electron-therapy-physics/).
A beam of 10MeV energy on the lesion surface covered by
1-1.5 cm bolus material brings 100% of the radiation dose
to the lesion’s surface, allowing 90% of the dose to cover
a depth of around 1-2 cm to assure inclusion of possible
subclinical deep tumor invasion in the high dose area.
Thus, a 1-1.5 cm thick bolus material was applied over the
lesion before irradiation. A standard electron beam appli-
cator of 6 x 6 cm was used, and lead blocks were applied
on the applicator tray to shape the radiation field as de-
manded. An appropriate angle of the beam direction was
considered by rotating the LINAC gantry and/or table to
avoid critical structures like the eyeball and lens. The pa-
tient was instructed to look at a fixed point to facilitate the
maximum possible distancing of the eye lens. According
to the underlying tissue/organ, an individualized margin
of 0,2-1 cm around the lesion defined the PTV. Narrower
margins, for example, were necessary at the areas where
the tumor of the eyelid borders the eyeball. The total dose
delivered was 36 Gy, with 6 Gy fractions and three frac-
tions per week, within 12 days. There were no adverse
events during or after irradiation in either reported case.
Mild erythema of no clinical significance was observed,
and none of the patients had developed fibrosis, shrinkage,
or other complications at the last follow-up.

DISCUSSION

Eyelid skin malignancies, including basal cell carcinoma
(BCC) and squamous cell carcinoma (SCC), are among the
most frequently encountered tumors in ophthalmic prac-
tice (3). They present significant management challenges
due to their location and their potential for functional and
cosmetic consequences (16). This series presents two cas-
es of eyelid BCC and SCC, treated with electron 10 MeV
irradiation, emphasizing the importance of a multidis-
ciplinary approach involving ophthalmologists, derma-
tologists, pathologists, radiotherapists, and oncologists
to ensure optimal patient outcomes, especially when the
clinical picture shows advanced signs of the disease.

Both cases presented malignancies in the upper eye-
lid. It is known that both BCC and SCC mainly involve the
lower lid margin and inner canthus. When a skin lesion
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appears in the upper eyelid and outer canthus, the diagno-
sis of SCC is more common than the diagnosis of BCC (3).
In both cases, the diagnosis was confirmed with a biopsy.
Interestingly, a significant reversal of the skin lesion was
observed in the second case between the biopsy and the
first 20-day follow-up. This is compatible with reverse
Koebner response, which is the nonappearance or disap-
pearance of the lesions of particular dermatoses at the site
of injury (17). The exact etiopathogenesis of reverse Koeb-
ner phenomenon is poorly understood. A few previous re-
ports of reverse Koebner phenomenon are available in the
literature for several skin lesions, such as psoriasis, vas-
culitis, and primary cutaneous follicle center lymphoma
following skin biopsy (17-19), however, there is no previ-
ous report of reverse Koebner phenomenon in eyelid SCC.

Taking into account the tumors’ characteristics, the
age and comorbidities of the patient, the patients’ prefer-
ence, as well as the recommendation by the radiotherapist,
it was decided to perform electron 10 MeV irradiation in
both patients, instead of surgical excision. Kilovoltage or
electron beam radiotherapy has been routinely used for
the treatment of superficially located tumors, including
squamous cell and basal-cell carcinomas (20, 21). Although
the first-line therapy of BCC and SCC remains the surgi-
cal excision, hypofractionated radiotherapy, as herein ap-
plied, has been proved effective and well tolerated, with
good cosmetic outcomes (22). Moreover, the radiotherapy
schedule is convenient for patients as it reduces the num-
ber of visits to the Radiotherapy centers and alleviates
the waiting lists in busy departments. The biological dose
equivalent to 2Gy (EQD2) for the 6x6Gy schedule is 60Gy,
calculated for an a/f-ratio of 4Gy for normal tissue late
toxicity (23). Although the EQD2 for a tumor o/B-ratio
equal to 10Gy is lower (48Gy), the biological dose is in-
creased due to the acceleration of the overall treatment
time by 4 weeks compared to a conventionally fractionat-
ed radiotherapy scheme. Assuming a A-value of 0.5Gy/day
for skin cancer, the EQD2 with time correction (EQD2-T)
becomes 62Gy.

Skin cancer of the eyelid and periorbital area, wheth-
er of squamous or basal-cell histology, is often localized.
Although metastasis is infrequent, this mainly involves
the preauricular or upper neck lymph nodes. Distant me-
tastasis can evolve in a minority of patients, especially
with squamous cell histology, large tumors, and exten-
sive invasion of adjacent anatomical structures (24). In-
vasion to mediastinal and axillary lymph nodes should be
considered exceptional, and the presence of small lymph
nodes in these areas should be considered a random, still
frequent event in elderly patients, irrelevant to the skin
carcinoma. BCC has an extremely low rate of metasta-
sis (0.03%), and the most common sites are the regional
lymph nodes and the orbitofacial area (25). On the other
hand, SCC tends to metastasize more often than BCC, pri-
marily with preauricular and submandibular lymph node
metastases at a rate of 3-6%, and with distant metastases
located primarily at the lungs and the parotid gland at
arate of 1% (7, 8, 26).

Radiotherapy, with its ability to precisely target can-
cerous cells while minimizing damage to surrounding
healthy tissue, has proven to be particularly advantageous
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in cases where surgery may be challenging due to anatom-
ical considerations or patient preferences. Several studies
and clinical experiences have highlighted the successful
outcomes of RT in achieving high cure rates for patients
with early-stage periocular skin cancer. The effectiveness
of RT inachieving local control and minimizing recurrence
has established its role as a primary treatment modality
for these cases. Additionally, RT has been instrumental in
addressing locally advanced tumors, where surgical resec-
tion might pose challenges or compromise functional and
cosmetic outcomes (20-22).

Although several studies are available in the relevant
literature evaluating kilovoltage radiotherapy in eyelid
tumors, to our knowledge, this was the first case report
presenting cases of BCC and SCC treated with hypofrac-
tionated 10MeV electron-beam radiotherapy. Moreover,
hypofractionated radiotherapy has been reported as
atreatment for skin BCC and SCC (27, 28), however, no pre-
vious reports are available for the treatment of eyelid BCC
and SCC with hypofractionated radiotherapy. Moreover,
although few reports of reverse Koebner phenomenon are
available in the literature for several skin lesions, to our
knowledge, there is no previous report of reverse Koebner
phenomenon in eyelid SCC.

In conclusion, hypofractionated electron-beam radio-
therapy seems to be an efficient treatment for patients
with eyelid tumors when surgery is absolutely or relatively
contraindicated. Moreover, a multidisciplinary approach
involving ophthalmologists, dermatologists, pathologists,
radiotherapists, and oncologists is suggested to ensure op-
timal patient outcomes.
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Beyond the Ordinary:
Giant Parotid Oncocytoma
and the Complexity of Diagnosis

Burak Kaan inan*, Altan Argun’, Saim Pamuk?, Mehmet Akif Abakay?,
ibrahim Sayin', Zahide Mine Yazict!

ABSTRACT

Parotid oncocytoma is a rare benign salivary gland tumor, often misdiagnosed due to overlapping features with other parotid neoplasms.
We present the case of an 87-year-old male with a progressively enlarging right parotid mass, confirmed as oncocytoma through imaging
and histopathological analysis. The excised oncocytoma measured approximately 9 cm in its greatest dimension, making it one of the
largest parotid oncocytomas reported in the literature to date. This case highlights the diagnostic challenges associated with parotid
oncocytomas, the limitations of fine-needle aspiration, and the importance of comprehensive diagnostic tools. Surgical resection was
curative, with no recurrence at 12 months.
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INTRODUCTION

Oncocytoma is a rare benign salivary gland tumor com-
posed of large epithelial cells known as oncocytes. Accord-
ing to the World Health Organization, oncocytic lesions
are histologically classified into three categories: oncocy-
tosis, oncocytoma, and oncocytic carcinoma. Oncocytomas
account for only 0.4%-1% of salivary gland tumors, making
them among the rarest parotid neoplasms. These tumors,
characterized by large oncocytes with abundant eosino-
philic cytoplasm, are predominantly found in the parot-
id gland, often in patients over 60 years old. Although
fine-needle aspiration biopsy (FNAB) is commonly used
in the initial evaluation of parotid masses, it may be in-
sufficient for an accurate diagnosis - particularly in on-
cocytic neoplasms - due to cytological overlap with other
lesions. While core needle biopsy (CNB) offers improved
tissue architecture and higher sensitivity, it can also be
inconclusive in oncocytic tumors where the distinction
between benign and malignant lesions requires evidence
of invasion, which may not be captured in limited sam-
ples. Therefore, further investigations such as ultrasound
(US), magnetic resonance imaging (MRI), and detailed his-
topathological evaluation following surgical excision are
often necessary. This case report presents an oncocytoma
case and compares its clinical, radiographic, and histo-
pathological features with those in the literature. The rar-
ity of parotid oncocytoma and its frequently overlapping
features with other benign parotid tumors contribute to
frequent misdiagnoses, underscoring the importance of
thorough diagnostic evaluation.

Fig. 1 Preoperative clinical image of the patient demonstrating
a large, asymmetric swelling in the parotid region, consistent with
a parotid gland oncocytoma.
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CASE REPORT

An 87-year-old male patient presented to our clinic with
a swelling in the right parotid gland region, persisting for
five years (Fig. 1).

Over five years, the lesion progressively enlarged, ulti-
mately reaching a remarkable size of 9 cm, causing visible
facial asymmetry. His medical history included a 35-pack-
year smoking history, with no known family history of
head or neck cancer. On physical examination, palpation
revealed a painless, immobile, firm mass with well-defined
borders. The patient did not report any associated symp-
toms, such as difficulty with speech, chewing, or swal-
lowing, indicating that the mass primarily affected facial
appearance.

Before presenting to our clinic, the patient underwent
initial evaluations at another hospital, including color
Doppler ultrasonography performed at an outside facili-
ty, which identified a 58 x 44 mm hypoechoic solid mass
with moderate internal vascularization. The fine-needle
aspiration biopsy (FNAB) result suggested that the mass
was consistent with a Warthin tumor, another benign ne-
oplasm of the parotid gland.

The patient presented to our clinic for the first time ap-
proximately one year later, during which time the lesion
had progressively increased in size. A repeat color Doppler
ultrasonography revealed an 85 x 52 mm hypoechoic sol-
id lesion extending into the right submandibular region
and adjacent to the internal jugular vein. Contrast-en-
hanced MRI demonstrated a well-defined 88 x 65 mm
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Fig. 2 Gross specimen of the excised parotid mass consistent
with oncocytoma. The mass exhibits a lobulated, encapsulated
appearance with a shiny, reddish-brown surface, and cystic spaces.
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mass occupying and expanding the right parotid gland.
The mass showed hypointense signals on T1-weighted im-
aging and mixed signals with linear hyperintense areas on
T2-weighted imaging, with intense contrast enhancement.

FNAB findings indicated histopathological features
compatible with oncocytic neoplasia. However, the exact
diagnosis - whether oncocytosis, oncocytoma, or onco-
cytic carcinoma - remained uncertain. Based on imaging
and histopathological evaluations, surgical resection of
the mass was recommended. A superficial parotidectomy
was performed, limited to the superficial lobe of the pa-
rotid gland, with careful preservation of the facial nerve.
The gross surgical specimen measured approximately
9 x 9 cm, confirming the significant interval growth of the
lesion over time (Fig. 2)

Microscopic evaluation of the hematoxylin and eo-
sin-stained specimen showed oncocytic cells with abun-
dant eosinophilic granular cytoplasm rich in mitochon-
dria, forming trabecular and acinar structures. No necrosis
was observed in the tumor tissue (Fig. 3). Due to the benign
nature of the tumor and clear surgical margins, adjuvant
chemotherapy or radiotherapy was not administered.

At the 12-month postoperative follow-up, the patient
remained recurrence-free, with no signs of facial nerve
deficit (Fig. 4).

Written informed consent was obtained from the
patient.

DISCUSSION

Oncocytoma is a benign salivary gland tumor character-
ized by epithelial cells known as oncocytes, which contain
abundant eosinophilic cytoplasm and centrally located
pyknotic nuclei. As shown in Tandler et al.’s study, these
cells contain numerous mitochondria (1). Oncocytes pro-
duce low levels of adenosine triphosphate (ATP), leading
to increased mitochondrial numbers, a key distinguish-
ing feature of these cells. While the pathophysiology of

Fig. 3 Histopathological examination revealed oncocytic cells with
abundant eosinophilic granular cytoplasm, occasionally forming
acinar and trabecular structures. These cells exhibited small, round,
centrally located nuclei (H&E, X60).
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oncocytoma remains unclear, mitochondrial functional
defects are thought to play a role.

Oncocytomas primarily occur in the parotid gland. As
noted in the study by Stomeo et al., they can present bilat-
erally (2), though they are usually unilateral with a slow
growth pattern, as seen in our case. Generally non-cystic
and encapsulated, these tumors measure less than 5 cm,
with rare instances of malignant transformation or local
recurrence. Patients are commonly over 60 years of age,
with no significant gender preference (3). Ozcan et al. and
Sepulveda et al. noted that while oncocytomas can rarely
arise from the deep lobe, they generally originate from the
superficial lobe, as observed in our case (4, 5).

For diagnosis, histopathological confirmation is essen-
tial, and imaging techniques such as CT, MRI, and US serve
as useful adjuncts. US, as the first-line imaging method for
parotid masses, can reveal regular borders and an absence
of dystrophic calcifications in oncocytomas, distinguish-
ing them from pleomorphic adenomas, which often have
lobulated borders and may exhibit calcifications. Another
frequently encountered parotid mass, Warthin tumor, can
contain necrotic areas, further aiding differentiation. Sim-
ilar to studies in the literature on oncocytomas, a hypo-
echoic mass lesion with internal vascularization was also
detected on Doppler US in our case (6).

MRI reports suggest that oncocytomas appear hy-
pointense on T1- and T2-weighted images due to high
cellularity and low water content. However, variability in

== &

Fig. 4 Postoperative clinical image of the same patient showing
complete resolution of the parotid mass following surgical excision.
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MRI appearances exists, as seen in Hamada et al., where
oncocytomas appeared hypointense on T1 and iso- to hy-
perintense on T2 sequences (7). Sepulveda et al. similarly
reported isointensity on T1 and hyperintensity on T2 se-
quences (5). Our case demonstrated hypointense T1 signals
and mixed T2 signals with linear hyperintensities, align-
ing partially with Hamada et als findings but presenting
unique radiographic characteristics (7).

FNAB is commonly employed as an initial diagnostic
tool in many clinics due to its minimally invasive nature.
However, FNAB has significant limitations in accurately
diagnosing oncocytomas, particularly due to their over-
lapping cytological features with other oncocytic lesions.
Chakrabarti et al. highlighted the diagnostic challenges
FNAB presents in distinguishing oncocytic lesions (8).
Diouf et al. reported a case initially misdiagnosed as ple-
omorphic adenoma, while Miladinovic et al. documented
a misinterpretation of parotid oncocytoma as metastatic
squamous cell carcinoma based on FNAB findings (9, 10).
Furthermore, Capone et al. demonstrated that the sensi-
tivity of FNAB in diagnosing parotid masses is only 29%,
underscoring its limitations (3). In our case, the initial
FNAB result suggested a Warthin tumor rather than an on-
cocytoma, consistent with reports in the literature where
oncocytomas are often misdiagnosed as other benign pa-
rotid tumors. (9) Although both are benign neoplasms,
Warthin tumors can be distinguished from oncocytomas
by their histological structure, which includes cystic spac-
es filled with lymphoid stroma. These findings emphasize
the need for advanced diagnostic methods. Techniques
such as core needle biopsy or intraoperative frozen section
analysis could significantly improve diagnostic accuracy
by providing more extensive tissue samples and allowing
real-time histopathological evaluation.

Though facial nerve involvement typically suggests
malignancy in parotid masses, benign parotid tumors like
oncocytoma can, on rare occasions, cause facial paraly-
sis, as reported by Hamada et al. (7). Consistent with the
benign nature of oncocytomas, our patient exhibited no
facial paralysis. The primary treatment for parotid onco-
cytoma is surgical resection, either radical or superficial
parotidectomy, as performed in our case with preservation
of the facial nerve (5). Follow-up showed no evidence of
recurrence, reinforcing surgical excision as an effective
approach.

CONCLUSION

Our case represents the largest reported parotid oncocy-
toma to date, underscoring the importance of considering
parotid oncocytoma in the differential diagnosis of parotid
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masses. This case not only highlights the diagnostic chal-
lenges associated with parotid oncocytomas but also em-
phasizes the need for advanced imaging and histopatho-
logical techniques to accurately identify these rare tumors.
Histopathological confirmation, in conjunction with imag-
ing, is crucial for accurate diagnosis. Surgical intervention
remains the primary treatment, and close postoperative
follow-up is essential to monitor for recurrence.

MAIN POINTS

e Oncocytoma is a rare benign tumor of the salivary
glands, most commonly occurring in the parotid gland
and often affecting patients over 60 years old.

e Fine-needle aspiration biopsy has significant limi-
tations in accurately diagnosing oncocytoma, often
leading to misdiagnosis as other benign tumors like
Warthin tumor or pleomorphic adenoma.

e Imaging modalities such as MRI and ultrasound are
essential for evaluating parotid masses, but definitive
diagnosis requires histopathological examination.

e Surgical resection, typically superficial parotidectomy
with facial nerve preservation, is the primary treat-
ment for parotid oncocytomas.

o Close postoperative follow-up is crucial, as although
oncocytomas are benign, recurrence is possible in rare
cases.
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EUS Guided FNA Cell Block Cytology

and Intraoperative Squash Cytology

in the Diagnostic Approach of Unfamiliar
Malignant Neoplastic Disorders
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ABSTRACT

Endoscopic ultrasound guided fine needle aspiration cytology (EUS-FNAC) with the employment of cell block preparations and
intraoperative squash smear cytology upgrade the interpretation accuracy and typing of common malignant lesions. Yet, their capacity

in the diagnostic workup of less familiar neoplastic entities is not clearly determined and this analysis was designed towards this direction.
We describe four cases of patients with uncommon malignancies and evaluate EUS-FNA cell block cytology and intraoperative squash
smear cytology as a necessary (important) step in rendering the diagnosis. All cases enhance the diagnostic role of cytology in a wide
variety of neoplastic disorders including lymphoproliferative conditions and rare carcinomas.
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INTRODUCTION

A number of tumor and tumorlike conditions are consid-
ered to present a particular diagnostic hazard in anatomic
pathology. EUS-FNA cell block cytology and intraoperative
squash smear technique provide multiple and extensive
sampling and/or sampling of not neighboring areas of an
unfamiliar lesion to determine its heterogeneity.

Endoscopic ultrasound fine needle aspiration (EUS-
FNA) permits the examination of the retroperitoneum
for lymph nodes as well as pancreatic sampling for neo-
plastic lesions and the acquisition of cytologic specimens
for interpretation (1, 2). Cell blocks contain residual ma-
terial fragments unsuitable for processing by cytolog-
ic techniques but suitable for processing by histologic
methods.

Even though architectural structure is missed, cyto-
morphological features combined with immunocytochem-
istry and molecular analysis on cell block preparations
can render an accurate diagnosis of neoplastic conditions.
Specimen sufficiency, tumor morphological appearances,
endoscopist’s skillfulness and cytopathologist’s experi-
ence enhance diagnostic capacity.

Intraoperative diagnosis is imperative in neurosurgery
and squash cytology provides the neurosurgeon with rapid
and accurate results (3). Squash smear cytology is applied
upon minimal tissue pieces, permits efficient evaluation of
the cellular architecture, detailed morphological features
of the cells, provides adequate sampling for immunocy-
tochemical analysis and lacks the ice artifacts of frozen
sections. Limitations include failure to manage thickness,
crushing artifacts and inappropriate smearing.

EBV related DLBCL arising in the retroperitoneum is
infrequent. Traditionally it is diagnosed by histomorphol-
ogy, immunohistology and flow cytometry of tissue speci-
mens obtained at laparoscopy or open surgery.

Osteoclast like giant cell undifferentiated pancreatic
carcinoma is rare. It is also diagnosed by laparoscopically
obtained biopsies or at open surgery.

EUS guided FNA cytology combined with immuno-
cytochemical study on cell block preparations provide
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Fig. 1 EBV-DLBCL Cell block preparation. LMP-1 X 400.
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an accurate diagnosis of retroperitoneal and pancreatic
lesions.

Ependymomas in childhood follow astrocytomas and
medulloblastomas in frequency of CNS tumors. They orig-
inate most commonly in the posterior fossa of the brain
and show significant morphological heterogeneity. Astro-
cytomas compose a large and heterogenous category of
CNS tumors. They demonstrate a wide variety in clinical
incidence, morphologic features and biologic course.

Both ependymomas and astrocytomas rarely exfoliate
neoplastic cells in cerebrospinal fluid specimens. They can
be accurately diagnosed in intraoperatively, on demand
by the neurosurgeon for rapid diagnosis, prepared squash
smears.

Our objective is to highlight the performance of EUS
guided FNA cell block cytology in interpretating retroper-
itoneal and pancreatic lesions as well as to stress the yield
of intraoperative squash smear cytology and establish the
specific cytological diagnostic criteria in CNS neoplasms.

CASE SERIES

CASE 1. RETROPERITONEAL EBV POSITIVE DLBCL

A 73-year-old female presented with recent-onset artypi-
cal abdominal pain and change in bowel habits (alterating
conticipation and diarrhea). Her physical examination
was normal. Her past medical history included Billroth II
surgery without antrum resection, due to peptic ulcer dis-
ease 30 years before presentation. She also suffered from
rheumatoid arthritis and dyslipidaemia. She received hy-
drochloroquine, gabapentin, and a statin on a daily basis.
An abdominal CT scan revealed multiple retroperitoneal
lymph nodes and suspected thickened gastric wall at the
level of the antrum. Upper GI tract endoscopy with gas-
tric biopsies as well as ileonoscopy were uneventful. EUS
was performed with a curved linear array endoscope
(GF-UCT 140 Olympus Medical Europe, Hamburg Germa-
ny) under conscious sedation with midazolam and pethi-
dine, in order to examine the gastric wall and obtain cyto-
pathology material from the retroperitoneal lymph nodes.

Fig. 2 EBV-DLBCL Cell block preparation. H&E X 200.
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On EUS the gastric wall was found of normal thickness
with preserved architecture Several enlarged lymph nodes
with suspicious EUS features were seen in the retroperito-
neum. An EUS guided FNA of a suspicious node was per-
formed through the gastric wall using a 22-gauge needle
(Expect Slimline, Boston Scientific, MA) and three pass-
es were made. Suction was applied (10ml vacuum) in the
way, and the sample was expelled in normal saline. Soon
afterwards it was transferred to the cytopathology lab. The
aspirated material was set on smears and air dried, and al-
cohol fixed slides were prepared. and stained by the Giem-
sa and Papanicolaou methods respectively A cell block was
made from the residual tissue fragments, using the fibrin
clot method and it was formalin fixed, and paraffin embed-
ded. Subsequently 5um thick sections were obtained and
stained with hematoxylin and eosin. Additional sections
from the cell block were prepared for immunocytochem-
ical analysis.

EUS-FNA conventional and cell block smears showed
numerous isolated or clustered large atypical cells with
high nuclear cytoplasmic ratio, unevenly distributed
chromatin (coarse, granular) and visible nucleoli. The
differential diagnosis included metastatic carcinoma,
metastatic melanoma, DLBCL, Hodgkin’s lymphoma, and
anaplastic large cell (ALK-1 positive or negative) lympho-
ma. Immunocytochemical analysis with the employment
of cytokeratin AE1/AE3, HMB45, LCA, CD20, CD3, PAX5,
CD30, BCL2, BCL6, MUM-1, CD10, ALK-1, LMP-1 and MIB-1,
showed a strong positivity for LCA, CD20, PAX5, BCL2,
BCL6, MUM-1, CD10 and LMP-1 and a negative reaction
with cytokeratin AE1/AE3, HMB45, CD3, ALK-1,and CD30
of the neoplastic cells. MIB-1 index was 90% positive. A cy-
tological diagnosis of EBV positive DLBCL was established.

CASE 2. OSTEOCLAST LIKE GIANT CELL
UNDIFFERENTIATED PANCREATIC TUMOR
Undifferentiated pancreatic carcinoma is an uncommon
and aggressive variety of ductal adenocarcinoma. It is cat-
egorized in 2 types according to WHO 2019 classification:
Undifferentiated carcinoma (with 3 variants: anaplastic,
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sarcomatoid, and carcinosarcoma) and Undifferentiated
carcinoma with osteoclast-like giant cells (OGCT). EUS
provides high resolution images and FNA sampling of the
pancreatic lesions, which gains a high level of diagnostic
accuracy nowadays. OGCTs are large and circumscribed
and are defined by non-neoplastic phagocytic cells, large
pleomorphic mononuclear cells and small spindled or his-
tiocytoid tumor cells that are usually overlooked in the
background. Giant cells are CD68 and Vimentin positive,
Cytokeratin and p53 negative, and represent benign his-
tiocytic cells. Pleomorphic mononuclear cells and small
spindled cells are strongly positive by Vimentin, vari-
ably positive by Cytokeratin and p53, negative by INI-1
(which is strongly positive in Undifferentiated carcinoma
lacking giant cells), negative by S-100, and exhibit a high
ki-67 proliferation index. The progression from dysplas-
tic epithelium to invasive pancreatic carcinoma is well
described because of genetics. KRAS, CDKN2, TP53, and
SMAD4 genes are involved in the classical ductal adeno-
carcinoma while KRAS genetic alterations are frequent in
OGCT. Pancreatic mucinous tumor (PaMCT), intraductal
papillary mucinous tumor (IPMT), pancreatic cystic neu-
roendocrine tumor (PaNET), solid pseudopapillary neo-
plasm (SPN), undifferentiated pancreatic carcinoma not
otherwise specified (UOC-NOS), gastrointestinal stromal
tumor (GIST), undifferentiated rhabdoid pancreatic tu-
mor (URhT), metastatic melanoma, metastatic sarcoma
and chronic pancreatitis with granulation tissue forma-
tion are considered in the differentials. PAMCT, IPMT may
coexist with OGCC. Cystic degeneration may be present in
OGCC, and this can cause a radiologic misinterpretation
or may limit sampling from the solid tumor component,
so it is critical to ensure that mucinous cystic lesions are
extensively sampled. OGCCs may protrude as polyps into
the pancreatic or bile duct, duodenum or ampulla and may
be also misdiagnosed radiologically. UOC-NOS, URhT do
not contain giant cells,.PaANET shows plasmacytoid cells
with salt and pepper chromatin, SPN shows open chroma-
tin and nuclear grooves. GIST is c-kit positive. Melanoma
stains positive for Melan A, S-100, and HMB45.Sarcoma
does not express epithelial markers. Pancreatitis with

Fig. 3 Osteoclast like giant cell undifferentiated pancreatic tumor.
CD68 immunostain X 400.

Fig. 4 Osteoclast like giant cell undifferentiated pancreatic tumor.
Tissue section X 200.
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granulation tissue formation does not express neither ep-
ithelial nor vascular (CD31), nor lymphoid markers (ALK),
nor S-100, nor c-kit, for neoplastic cells.

An 80 aged female was admitted due to jaundice and
epigastralgia. Her past medical. history included arterial
hypertension, cardiac arrhythmia, asthma, and chronic
frenal failure. CT scan showed a 12mm tumorlike lesion
in the head of pancreas which obstructed the common
bile duct causing dilatation. EUS revealed a 3,5 hypoecho-
ic heterogeneous poorly defined mass in the pancreatic
head. EUS-FNA conventional and cell block slides demon-
strated atypical pleomorphic mononuclear cells admixed
with multinucleated osteoclast like giant cells with multi-
ple nuclei and ill defined nucleoli. The mononuclear cells
were positive by cytokeratin AE1/ AE3, EMA, and CEA but
negative by S-100 and c-kit. The multinucleated cells were
CDe68 positive. A cytological diagnosis of osteoclast like gi-
ant cell pancreatic tumor was rendered.

CASE 3. CEREBROSPINAL FLUID

AND INTRAOPERATIVE SQUASH

CYTOLOGY OF CHILDHOOD EPENDYMOMA

A 19 months old female presented at The University hospi-
tal of Heraklion, Crete, Greece in a hemicoma and was in-
tubated. MRI disclosed a tumor in the posterior fossa. The
haematological and biochemical work-up was within nor-
mal counts. A diagnostic paracentensis was determined
and CSF sample was obtained for cytological evaluation.
Cytological smears were prepared after cytocentrifug-
ing for 5 minutes. Microscopic interpretation of slides
demonstrated isolated neoplastic cells with medium sized
oval nuclei and basophilic cytoplasm. Nucleoli or mitotic
figures were absent. Dysgerminoma, medulloblastoma,
glioma, ependymoma and lymphoma were encountered
in the differentials. Neoplastic cells were positive by GFAP
and S-100 immunostain but negative by AFP, -HCG, syn-
aptophysin and LCA. The diagnosis was of a glial tumor fa-
voring ependymoma, based on the age and the anatomical
site of the mass. Intraoperative squash preparations were
obtained as follows: 1-2 mm?® of fresh tissue from the sus-
picious area after gross examination was crushed between
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two slides to fix smears (4, 5). In squash preparations atyp-
ical cells were abundant, organized in papillary forma-
tions or rosettes or pseudorosettes with oval medium or
large sized nuclei and scanty cytoplasm stained basophil-
ic. GFAP and S-100 positive enhancing the CSF diagnosis
of ependymoma. Histological slides showed numerous
neuroepithelial neoplastic cells in a rosette-pseudorosette
architecture with oval basophilic nuclei and mild atypia.
Focally high cellularity, severe nuclear atypia and mitoses
were found. Atypical cells were reactive with GFAP, S-100,
CD36 and negative for synaptophysin, CD99, CK AE1/AE3.
The Ki-1 proliferation index was 10%. Histological diagno-
sis was of ependymoma WHO grade IT and focally grade III
(anaplastic) (WHO 2016 earliest classification). The patient
was administered with chemotherapy (first course) VEC
(vincristine, etoposide and cyclophosphamide).

CASE 4. INTRAOPERATIVE SQUASH CYTOLOGY

OF DIFFUSE GLIOMA NOT OTHERWISE SPECIFIED

OF THE CEREBELLUM

A 48 aged female was hospitalized at the University hos-
pital of Heraklion, Crete, Greece suffering from headache
and unsteadiness. She was soon afterwards diagnosed of
a tumor arising in the cerebellum by MRI. Past personal
and family medical history was free. Haematological and
biochemical values were normal. Intraoperative squash
preparations cytological examination demonstrated the
presence of isolated elongated epithelial-like neoplastic
cells with ovoid nuclei and scanty cytoplasm. Mitoses and
necrosis were not observed. Glioma, ependymoma, medul-
loblastoma and teratoid/rhabdoid tumor were included in
the differentials. Immunocytochemical analysis showed
a positive cytoplasmic expression of GFAP and a positive
expression of S-100 by the tumor cells. Gross total resec-
tion of the tumor was performed and histological exam-
ination revealed medium sized cells with spindle shaped
or oval nuclei, rare mitotic figures and neoangiogenesis.
Atypical cells were GFAP podsitive (cytoplasmic positiv-
ity), S-100, and vimentin positive,but negative for synap-
tophysin, NF, EMA,CD34 and p53 antibodies. MIB-1 prolif-
eration index was 5% positive. IDH status and 1p/1q status

Fig. 5 Ependymoma. Squash smear. GFAP immunostain X 400.

Fig. 6 Ependymoma. Tissue section H$E X 200.
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Fig. 7 Low grade glioma of the Cerebellum. Cytological squash
smear. GFAP immunostain X 400.

were determined by molecular study and the patient re-
ceived RT (54 Gy/39 fractions (fr)) followed by 6 courses
of PCV (procarbazine, CCNU = lomustine, vincristine)
chemotherapy. She is disease free 5 months after surgery.

DISCUSSION

EUS-FNA is a minimally invasive method winning more
and more popularity in the nonsurgical appraisal of re-
troperitoneal lymphoproliferative lesions because of in-
creased accuracy and low morbidity and mortality com-
pared to surgery (6-13).

Echo-findings are important for the evaluation of
lymph nodes during EUS, but criteria for malignancy are
yet to be established (10, 13). Catalano et al (14) have sug-
gested a number of features such as hypoechoic, sharp
borders, rounded contour and size over 10 mm, suggesting
malignancy, however this is not always the case as report-
ed by others. In a study by Wang et al (6) enlarged nodes
due to lymphoma, were featured by lesion fusion and
homogeneous echogenecity. The acquisition and prepa-
ration of EUS-FNA samples are critical in the procedure
performance because even the most excellent performed
aspiration may be wasted if the handling of the specimen
is incorrect (15). Three aspirations (passes) of the needle
are adequate for the diagnostic yield, a 22 gauge needle is
preferred for cytological sampling, the use of forceps en-
hances the diagnostic yield in lymphoproliferative disor-
ders, the use of suction does not affect the diagnostic yield,
neither the use of general anesthesia or sedation nor the
number of needle movements from the proximal to distal
side of the node (15). The cell block method employs the
process of small tissue fragments from aspirated mate-
rial to form a paraffin block. Cell block slides represent
the best material for immunocytochemical and molecular
analysis.

There are several drawbacks in the technique for
the interpretation of lymphoma: The diagnosis of Hod-
gkin’s lymphoma amends integration of cytomorphology,
immunophenotypically, and clinical characteristics so it
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Fig. 8 Low grade glioma of the Cerebellum. Tissue section
H&E X 400.

continues to favor open biopsies for interpretation and
classification. T cell lymphoma when occurring (usually
rare) also needs open biopsy for the diagnosis. There is
need for more than 3 passes from several angles of the
lymph node to obtain adequate sampling. Additionally,
avoiding necrotic tissue and blood contamination is an
important issue (11-13).

Obtaining tissue specimens from pancreatic lesions is
considered difficult with CT/ultrasound guided FNA and
diagnostic laparoscopy (2). The proximity (accessibility) of
the echo-endoscope within the gastrointestinal lumen to
the pancreas allows for accurate imaging of the pancre-
as from the duodenum and the stomach. Sensitivity and
specificity of the method is higher (2). EUS-FNA is also
effective in patients with inconclusive ERCP brushing cy-
tology (2). The presence of an onsite cytopathologist for
rapid onsite evaluation (ROSE) is tremendously improving
the diagnostic yield of this technique (2, 15-19). Rapid on-
site evaluation (ROSE) with cytology preparations is im-
portant in minimally invasive procedures. ROSE activity
upgrades patient care by reducing the number of repeat
procedures. This reduction saves from potential side ef-
fects, such as infection, hemorrhage, and pneumothorax
in lung biopsies. ROSE with cytology preparations is also
useful in core biopsies (CB) as it minimizes the loss of ma-
terial that could have been wasted during frozen section
analysis. Yet, it decreases the patient anxiety when a pro-
cedure does not yield the adequate material or the hazard
on the patient by avoiding unnecessary admissions to the
clinic. Also, complex oncologic specimens often require
fast feedback for clinical management and ancillary stud-
ies. ROSE with cytological preparations is performed by
cytologists that have to go to the site where the procedure
is being performed. The personnel stay on-site until the
diagnostic material is obtained or the specimen is consid-
ered adequate. The time spent performing ROSE can ex-
tend to hours if the lesion is in a location not easy to access
and these procedures are managing depended. The stand-
by of the performer cannot be repaid, and it may influence
the proceedings of cytology services (25). In our depart-
ment we do not employ ROSE due to the lack of personnel.
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Moreover, ancillary studies and other testing including
flow cytometry or culture can be employed (2, 11-13).

Intraoperative diagnosis of brain tumors routinely
employs frozen sections. However, they produce artifacts
including ice crystals and water logging in the tissue re-
sulting in a smudgy, foggy and shattered tissue appearance
(3, 19). Additionally frozen brain tissue displays artifacts
in paraffin sections (3, 5, 19). Cytology may sample much
wider areas, different areas, and different depths are ex-
amined (3, 5, 19).

Definition of brain tumors requires clinical infor-
mation (patient’s age and gender, location of the lesion),
medical history, and CT scan or MRI findings. A good cyto-
logical squash preparation produces high cellularity, crisp
nuclear and cytoplasmic details and occassionaly tissue
architectural pattern. In our case of ependymoma, rosette
or pseudorosette formation was a critical tip. Limitations
include difficulties in preparing smears when lots of in-
tracellular collagen or fibers cannot be spread into slides
and this is the case with meningiomas, schwannomas and
low grade gliomas (astrocytomas) (5, 19-22). Immunocyto-
chemical and molecular analysis is easy to perform and en-
hances the diagnostic yield (5, 19-22). Again, the presence
of an onsite cytopathologist for ROSE is imperative for im-
proving accuracy. Intraoperative smears of neurosurgical
specimens permit rapid and accurate diagnosis (5, 19-22).
Cytological assessment should always be followed by his-
tological confirmation (23). Cytological intraoperative re-
port must provide a preliminary accurate diagnosis and
assure the neurosurgeon that representative pathological
tissue has been obtained for histological definite diagnosis
(23, 24).

Our cases facilitate the diagnostic capabilities of EUS-
FNA cell block cytology and intraoperative squash cytolo-
gy over a wide spectrum of neoplasms including unfamil-
iar lymphoproliferative disorders and carcinomas.

In conclusion the employment of EUS-FNA cell block
cytology reinforces an accurate approach of retroperitone-
al lyhmphoproliferations and pancreatic lesions utilizing
immunocytoclemical and molecular analysis and intra-
operative squash cytology can be reliable as the combined
skills and flexibilities the management group including
the neurosurgeon, the radiologist, and the cytopathologist
in the interpretation of brain tumors.
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Peritendinitis of the Fourth Dorsal
Compartment Due to Anomalous Extensor
Indicis Proprius: A Case Report and Review
of Anatomical Variations

Dimas Drummond?, José Luiz Masson de Almeida Prado? Henrique Shimidu?, Marcio Luis Duarte**

ABSTRACT

Anomalous extensor indicis proprius (EIP) tendons are rare anatomical variations that can cause wrist pain and dysfunction due to tendon
compression and inflammation. These variations, though often asymptomatic, are implicated in conditions such as fourth extensor
compartment peritendinitis, requiring accurate diagnosis and tailored treatment. We report the case of a 56-year-old man with chronic
right wrist pain lasting eight months, primarily aggravated by finger extension. Physical examination revealed a tender nodule on the
dorsum of the wrist and pain elicited by the Spinner test, indicating involvement of the fourth dorsal compartment. Magnetic resonance
imaging (MRI) showed an anomalous, thickened EIP tendon with peritendinitis. The patient opted for conservative management, including
nonsteroidal anti-inflammatory drugs (NSAIDs) and activity modification, which led to complete symptom resolution within two weeks.
This case highlights the clinical relevance of EIP tendon anomalies, which can mimic other wrist pathologies. The Spinner test and imaging
modalities such as MRl are essential for diagnosis. While conservative treatment is often sufficient, surgical decompression may be
necessary in refractory cases. Awareness of these rare anatomical variations is crucial for accurate diagnosis and effective management,
ensuring better outcomes for patients with wrist pain.
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INTRODUCTION

The extensor indicis (EI) muscle originates from the pos-
terior surface of the ulna and inserts into the index fin-
ger (1). Anatomical variations, such as the anomalous ex-
tensor indicis proprius (EIP), are rare but can cause hand
pain and dysfunction due to compression and inflamma-
tion of adjacent tendons, resulting in wrist pain. Although
these variants rarely cause symptoms, several published
reports have linked them to cases of wrist pain (2).

The evolution of forearm extensor muscles involves
three main groups: brachio-antebrachial, antebrachi-
al-manual, and manual. Anatomical variations, such as
the extensor indicis et medii communis (EIMC) and extensor
digitorum brevis manus (EDBM), have incidences ranging
from 1% to 12%. Although rare, these anomalies can cause
dorsum hand pain and are suspected through clinical
tests (3).

Here, we report the case of a 56-year-old man with
right wrist pain for eight months treated conservatively.

CASE REPORT

A 56-year-old man presented with a history of chronic
right wrist pain persisting for eight months. The discom-
fort was most pronounced during finger extension and
had progressively interfered with his daily activities. He
described the pain as localized to the dorsum of the wrist,
with exacerbation during specific movements.

On physical examination, a palpable and tender nod-
ule was identified on the dorsum of the wrist. The Spinner
test, which involves wrist flexion and metacarpophalan-
geal joint extension of the index finger against resistance,
elicited significant pain localized to the fourth dorsal com-
partment. Besideslocalized tenderness and pain provoked
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by the Spinner test, there was no snapping wrist phenom-
enon, no palpable crepitus, and no clinical evidence of ex-
tensor tendon subluxation. Posterior interosseous nerve
entrapment was considered; however, the pain was strict-
ly localized to the dorsal wrist, there were no neurological
deficits (including preserved finger and thumb extension
strength), and imaging demonstrated tenosynovial inflam-
mation at the fourth compartment - findings that favored
a tendinous etiology over neuropathic pain. This finding
was consistent with tendon pathology. The patient denied
any history of prior surgeries, trauma, or systemic illness-
es, with no other relevant medical history.

Magnetic resonance imaging (MRI) of the wrist re-
vealed key diagnostic findings, including fluid effusion
within the sheath of the common extensor tendons of the
fingers. Additionally, the imaging showed a thickened,
anomalous extensor indicis proprius (EIP) tendon with
intermediate signal intensity and surrounding fluid, in-
dicative of inflammation. Although the MRI confirmed the
anomalous tendon within the fourth dorsal compartment,
the distal insertions and potential bifurcations were not
fully covered in the protocol, preventing a definitive clas-
sification according to Komiyama et al. (1). Therefore, it
was reported simply as an anomalous EIP associated with
peritendinitis. These findings confirmed the diagnosis of
peritendinitis of the fourth extensor compartment, attrib-
uted to degeneration of the anomalous EIP tendon (Fig. 1).

Given the absence of significant functional impair-
ment or severe symptoms, the patient opted for conserv-
ative management over surgical intervention. He was
prescribed a regimen of nonsteroidal anti-inflammatory
drugs (NSAIDs) and advised on activity modification to
alleviate mechanical stress on the affected tendons. Re-
markably, his symptoms resolved completely within two
weeks, demonstrating a favorable response to conserva-
tive treatment.

Fig. 1 Right wrist MRI DP FAT SAT sequence (A) and T1 sequence (B) in axial section detecting fluid effusion in the sheath of the common
extensor tendons of the fingers, and a thickened anomalous extensor indicis proprius (EIP) tendon with intermediate signal and
surrounding fluid effusion, characterizing peritendinitis of the fourth extensor compartment due to a degenerated anomalous

EIP tendon (white arrows). The set of findings is compatible with extensor index finger syndrome.
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Informed consent for the publication of this case report
and accompanying images was obtained from the patient.

DISCUSSION

In 1939, Garcia highlighted the clinical significance of
anomalous EIP of the hand (4). EIP syndrome was initial-
ly defined by Ritter and Inglis in 1969, who reported two
patients with dorsal wrist pain and localized swelling in
the fourth compartment. Surgical exploration revealed
marked synovitis and a distal muscle belly of the EIP (5).

In Komiyama et al.’s study of 164 hands, 87% of cases
showed the EI tendon inserting on the ulnar side of the
extensor digitorum (ED) tendon for the index finger,
considered the normal type. In 13% of hands, anatomical
variations were classified into four types. Type 1 involved
tendon bifurcation into two slips. Type 2 showed addi-
tional tendons, while Type 3 presented an extra tendon on
the ulnar side, inserting into the middle finger. An index
extensor muscle with three tendons originating from the
muscle was classified as Type 4. In this type, a radial index
extensor from the supernumerary tendons was positioned
on the radial side of the ED tendon for the index finger and
attached to the radial side of the dorsum of this finger (1).

In our case, MRI localized the pathology to an anom-
alous EIP within the fourth dorsal compartment but did
not allow definitive Komiyama subtyping. In the event of
failed conservative therapy, the preferred operation would
be open decompression with tenosynovectomy. Intraoper-
ative inspection is crucial to identify and, if necessary, ad-
dress any accessory slip or low-lying tendon/muscle belly
(e.g., selective debulking or resection), thereby relieving
compartment crowding and reducing the risk of recur-
rence while preserving index extension.

The EIP muscle presents anatomical variations in 15.6%
of cases, as evidenced by Caudwell et al. (6). Ogura et al.
suggest that the extensor digitorum brevis manus (EDBM)
may be a variant of the EIP, with an incidence of up to
10% (7). Although rare, these anomalies can cause pain on
the dorsum of the hand (8).

The Spinner test, developed in 1972, aids in diagnosing
EIP syndrome, provoking pain in the fourth dorsal com-
partment when the wrist is flexed and the index finger ex-
tended against resistance. The pain intensifies with simul-
taneous flexion of the wrist and the metacarpophalangeal
joint of the index finger, occurring both with active and
passive flexion. EIP syndrome was described by Ritter and
Inglis in 1969, characterized by pain and localized swell-
ing on the dorsum of the wrist, with synovitis and tendon
changes (9).

Ultrasonography may aid in diagnosis. In the report of
Kim 2013, the anomalous extensor muscle was identified
showing a typical muscle-like echo texture (10). Diagno-
sis can be assisted by MRI and should consider anatomical
variations, accessory insertions of the EIP tendon, acces-
sory finger muscles, ganglia, and synovitis (11). The Spin-
ner and Olshansky test aids in diagnosing EIP syndrome,
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which is initially treated conservatively, consisting of
rest, splinting, and steroid injection as the initial therapy
(12). Surgical decompression of the fourth compartment
is an option if conservative treatment fails (13). Although
posterior interosseous neuropathy can present with dor-
sal forearm pain, our patient lacked neurological deficits
and had focal fourth-compartment tenosynovitis, making
nerve compression unlikely in this context.

CONCLUSION

This case report highlights the importance of recognizing
muscle anomalies, such as an anomalous extensor indicis
proprius tendon, which can lead to complications such as
fourth extensor compartment peritendinitis. Identifying
anatomical variations is crucial, as it can directly impact
the diagnosis and treatment of painful wrist conditions.
Although conservative treatment with nonsteroidal an-
ti-inflammatory drugs was effective in this case, it is es-
sential to consider surgical options in situations where
conservative management does not provide relief. Care-
ful clinical evaluation, combined with the use of imag-
ing techniques such as magnetic resonance imaging, can
facilitate the differentiation between similar conditions,
contributing to a more targeted therapeutic approach.
This case reinforces the need for a deeper understanding
of wrist muscle anomalies in clinical practice, promoting
more accurate diagnosis and appropriate treatments.
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