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Dietary Phytoestrogen Increases
Tumour Size and the Frequency of
Circulating Tregs in a B16-F10

Murine Melanoma Tumour Model
1, Lee Richard Machado 2,

Rafah Oday Hussian

! Technical Institute of Baguba, Middle Technical university, Diyala, Iraq.

2 Centre for Physical Activity and Life Sciences, University of Northampton,
Northampton, UK.

Abstract

Background: Clinical studies show strong associations between hormone
levels, particularly estrogens and the development of skin cancers. Cutaneous
melanoma is considered a hormone-related tumour; however, their role in
melanoma progression remains unclear.

Objective: To investigate the effects of a phytoestrogen-rich diet on
melanoma tumour initiation and development using a syngeneic mouse model.
Patients and Methods: Mice were fed either a phytoestrogen-rich or low
control diet and injected subcutaneously with 5 x 10° syngeneic melanoma
cells (B16-F10). After 10-12 weeks, tumours and spleens were collected.
Tumour size and weight were measured, and quantitative PCR (qPCR) was

performed to analyse the expression of estrogen receptor (ER) o and f.
Regulatory T cells (Tregs) from splenocytes was assessed via flow cytometry.
Results: Mice consuming the phytoestrogen-rich diet exhibited significantly
larger tumours compared to those on the control diet. Phytoestrogens in the
diet up regulated ERP and down regulated ERa mRNA expression in tumour
tissue. A significant increase in the proportion of splenic Tregs was observed
in tumour-bearing mice fed a phytoestrogen-rich diet.

Conclusion: This study highlights the influence of dietary composition on
tumour growth and associated immune responsiveness, emphasising the need
to account for dietary factors in experimental designs and their potential
impact on tumour biology.

Keywords: Phytoestrogen, T-regulatory cells,
tumours, Flow cytometry.

Murine melanoma

Introduction

Genetic, inflammatory and environmental factors have a significant role in the development of
cancers (1), However, the impact of dietary components on outcomes in animal experiments is often
underappreciated (2). A variety of commercial rodent diet formulations are available (3-5), many of
which include Soy meal as a primary protein source (48). Soy meal is rich in phytoestrogens, plant-
derived compounds structurally similar to endogenous estrogens, which can exert either estrogenic or
anti-estrogenic effects through their interaction with estrogen receptors o (ERa) and ERp (6-50).
Estrogen receptors belong to the nuclear receptor superfamily of transcription factors (7). Their
activation elicits opposing effects on cancer growth and progression. Specifically, the expression of
ERp is often reduced in various cancer cells (8). According to De Giorgi and colleagues, ERf
expression counteracts the proliferative effects mediated by ERa in the skin (9,10). It is well
established that expression of ERa is associated with abnormal proliferation, inflammation,
tumorigeneses and the development of malignancy (7,8,11). These findings indicate that the effects
of estrogens on cancer growth may depend on the relative ratio of ERo/ER[ expression within a given
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tumour cell or tissue (12). Estrogen receptors
(ERs) can translocate from the cytoplasm to the
nucleus, where they bind to transcriptional
control regions of DNA or interact with small
RNAs, subsequently inducing the expression of
specific genes. Consequently, phytoestrogens
have the potential to regulate estrogen-mediated
processes, including the induction of sex
hormones (13). High dietary phytoestrogen
exposure can interfere with measurements in
studies involving estrogenic activity, potentially
affecting the interpretation of animal model
experiments (14). Major natural dietary sources
of phytoestrogens include soybeans, wheat,
potatoes, rice, alfalfa, and oats (15-49). These
compounds can bind to estrogen receptors,
eliciting effects in animals, humans, and cultured
cells. Consequently, studies of hormone-
dependent or hormone- modulated conditions,
such as animal models of cancer and
investigations into steroid hormones like
estrogen may be significantly compromised by
the presence of high levels of dietary
phytoestrogen (4). Several studies have reported
significant differences in experimental outcomes
when comparing diets with high phytoestrogen
content to those with very low phytoestrogen
levels (2,3). Phytoestrogens, particularly
isoflavones, are recognised as endocrine
disruptors with significant pathophysiological
impacts. The Environmental Protection Agency
(EPA) defines endocrine disruptors as substances
that alter the structure and function of the
endocrine system, leading to adverse effects (16).
These disruptions may be attributed to the
estrogenic activity, nutrient composition, and
metabolizable energy of phytoestrogen-rich diets
(17-19). In animal models, flavones have been
shown to disrupt lactation, alter the timing of
puberty, impair the ability to produce viable and
fertile offspring, influence sex specific
behaviours, accelerate reproductive ageing and
compromise fertility (16 The role of
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phytoestrogens in malignancy have been
examined in a range of clinical and experimental
studies. For example, in a recent large
prospective cohort study, increased intake of
total isoflavones, daidzein, glycitein, and
formononetin was found to be associated with a
reduced risk of pancreatic cancer among all
participants and ever smokers (20). However, in
ovarian cancer, associations between intake of
phytoestrogens and cancer risk showed no major
aetiologic role (21). In a study of genistein
supplementation on  genome-wide DNA
methylation and gene expression in patients with
localised prostate cancer there were global gene
expression changes and this had effects on

molecular pathways involved in prostate
tumorigenesis which included developmental
pathways, markers of stem cells and

proliferation and transcriptional regulation. The
authors identified a reduction in MYC activity
and a concomitant increase in PTEN activity
(22). In a breast cancer soy supplementation
study, cancer-related genes and pathways were
examined and high plasma genistein identified a
gene-signature with overexpression of FGFR2
and cell cycle progression and proliferation
genes. Therefore, for a subset of women, soy
may negatively affect gene expression in breast
cancer (23). Although melanoma is traditionally
considered a non-hormone-related cancer,
growing evidence suggests a direct association
between sex hormones, particularly estrogens,
and melanoma progression (24). T-regulatory
cells (Tregs) are recognised as significant
barriers to effective anti-tumour immune
responses, contributing to the development of an
immunosuppressive tumour microenvironment
(TME) (25,26). Tregs have been extensively
studied in the peripheral blood and immune
infiltrates of wvarious cancers, with their
accumulation strongly linked to poor prognosis
in melanoma, breast, and colon cancers (27-30).
Intracellular metabolism plays a critical role in

April 2025, Volume 28, Issue 1
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determining cell activity and function. Recent
studies indicate that the metabolic and functional
state of Tregs is shaped by local environmental
conditions and the availability of specific
metabolites. These metabolites, present in both
the peripheral circulation and the TME,
profoundly influence Treg differentiation, and
phenotype stability (25). Tregs are classically
characterised as CD4+CD25+ lymphocytes
expressing the forkhead/winged helix family
transcription factor FOXP3. In this study, we
investigated the role of dietary phytoestrogens on
B16-F10 melanoma tumour growth in C57BL/6
mice, examined the expression of tumour derived
ERs, and assessed the frequency of peripheral
treg populations.

Patients and Methods

Cell culture: Pigmented murine melanoma cells
(B16-F10; kindly provided by Professor Steven
Todryk, University of Northumbria, UK) were
maintained DMEM/F-12 medium supplemented
with 10% fetal calf serum (FCS), 100 1U/ml
penicillin and 100pg/ml streptomycin). To
eliminate potential estrogen effects, the cells
were cultured in phenol-free medium (31). Once
the cells reached approximately 70% confluence,
their viability (>90%) was assessed using trypan
blue exclusion, and viable cells were counted
with a haemocytometer.

Diyala Journal of Medicine

Animals: The experiments were conducted using
specific pathogen-free C57BL/6 black (6-8
weeks old) mice obtained from Jackson
Laboratory 600 Main Street Bar Harbor, ME
USA 04609. They were bred in the Preclinical
Research Facility (PRF) at the University of
Leicester and used with authority from the Home
Office under the supervisor’s project license
P43308E3B, with approval from the institutional
animal welfare and ethical review board on 11
July 2016. The mice were housed at 25°C under
a 12-hour light/dark cycle and provided ad
libitum access to food and water. Mice were
divided randomly in two groups and fed either a
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chow diet rich in phytoestrogen (5LF2; Test Diet
® product, 14.3% protein, 5.8% fat, 65%
carbohydrate, up to 20% Soybean meal) or a low
estrogenic control diet (58R1; Test Diet ®
product, 14.8% protein, 4.8% fat, 73.9%
carbohydrate, 0% Soybean meal) for 8 weeks,
with sex and age matched between groups. Mice
were then inoculated subcutaneously into the
right flank with 5 x 10° B16-F10 murine
melanoma cells suspended in 100ul of PBS.
Tumours were allowed to establish, and their
size was measured daily using calipers until the
endpoint, typically 10-14 days post-injection.
Tumour volume was calculated using the
formula V=n/6xlengthxwidth2. Tumour weight
was measured using an analytical balance, and
all weights are reported in milligrams (mg). At
the conclusion of the experiment, all mice were
sacrificed, and tumours and spleens were
collected for analysis.

RNA extraction and quantitative real-time
(RT-PCR): Total RNA was extracted from
melanoma tumours using TRIzol reagent
(Sigma-Aldrich,  UK).  Genomic  DNA
contamination was removed using an RNase-
free DNase kit (Sigma-Aldrich). A total of 3 ug

of RNA was retro-transcribed into cDNA
following the manufacturer’s instructions
(Thermo Scientific). Gene-specific

amplification was carried out using the SensiMix
SYBR kit (Bioline Reagents Ltd., London) and
analysed on a Corbett Rotor-Gene TM6000
machine to measure the expression of Estrogen
Receptor a (ERa) and Estrogen Receptor
(ERP). The AACT method (Livak & Schmittgen,
2001) was used for relative quantification.
Samples were analysed in triplicate, and
GAPDH was used as the housekeeping gene.
The primer sequences used were as follows: for
Estrogen Receptor [ (ERB), forward 5'-
CAGTAACAAGGGCATGGAAC-3’ and
reverse 5-GTACATGTCCCACTTCTGACA-
3’; for GAPDH, forward 5'-
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CCCTTAAGAGGGATGCTGCC-3" and reverse
5'-TACGGCCAAATCCGTTCACA-3'; and for
Estrogen Receptor o (ERa), forward 5'-
GACCAGATGGTCAGTGCCTT-3' and reverse
5'-ACTCGAGAAGGTGGACCTGA-3'.

Flow cytometry analysis: To detect T-
regulatory cells, freshly isolated splenocytes (1 x
10¢ cells/100 pul FACS buffer) from tumour-
bearing mice fed the respective diets were pre-
blocked with an Fc receptor-specific anti-mouse
CD16/32 antibody (BioLegend) for 30 minutes
on ice. Following the blocking step, cells were
stained with PE and APC-conjugated antibodies
targeting CD4, CD25, and FOXP3 (mouse, 130-
094-165) for 30 minutes on ice in the dark. After
staining, the cells were washed and re-suspended
in 400 pl PBS supplemented with 3% (v/v) FCS.
The stained cells were then transferred into
polypropylene tubes for flow cytometry analysis.
Spectral overlap of fluorochromes was
compensated where necessary, and flow
cytometry data were acquired using BD FACS
Diva™ software version 8.0. Splenocytes from
three tumour-bearing mice per dietary group
were used.

Statistical analysis

The data were expressed as the mean + SD for bar
charts. Box-and-whisker plots display the
distribution of the data, with the box representing
the interquartile range (IQR) (25th to 75th
percentile) and the line inside the box indicating
the median. Whiskers extend to the minimum and
maximum values, showing the full data range.
Individual values are also shown. Analysis was
performed using GraphPad Prism 10 (GraphPad,
San Diego, California, USA). Tests for normality
were conducted by inspecting QQ-plots and
employing the Shapiro-Wilk test to confirm the
assumption of a normal distribution. Statistical
significance was determined using Unpaired t-
tests (or the non-parametric equivalent) and
indicated by exact p-values where alpha was set
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to < 0.05. Effect sizes were calculated using 1n?
(eta squared) to quantify the proportion of
variance explained by group differences. For
parametric tests, m? was derived from the t-
statistic, while for non-parametric tests, it was
calculated using the Z-score (Mann-Whitney
U/Wilcoxon). For gPCR analyses, the results
were presented as the fold change in gene
expression normalised to the housekeeping gene.

Results

A phytoestrogen rich diet enhances
melanoma tumour weight and size: To
investigate the impact of any difference in
tumour weight of tumour bearing mice fed on
chow diet rich in phytoestrogen (5LF2) or
control diet low in estrogen (58R1), C57BL/6
mice were inoculated subcutaneously into the
right flank with 5 x 10° B16-F10 murine
melanoma cells. The results demonstrated
statistically significant differences in tumour
weight between the two diet groups (Figure 1).

A B C
All mice Males Females
200 0.0127 200 0.0367 200 0.0138
-3 -~ o
£ 10 - £ 150 | E w0 s
S 1 2 £ =
3 2 = S
5 100 ' . £ o + $ 10 “
g v : :
{ 50
# g% 2

0-— ol
58R1  SLF2 58R1  SLF2 S8R1  SLF2
Diet Diet Diet

Figure 1. Melanoma tumour weight in C57BL/6 mice
after administration of estrogenic or control diets. The
effect of estrogenic (5LF2) and control diets (58R1) on
tumour weight in melanoma-bearing mice. (A) The
tumour weight in all mice following an estrogen-rich or
poor diet (B) The tumour weight in males following an
estrogen-rich or poor diet. (C) The tumour weight in
females following an estrogen-rich or poor diet. The data
are presented as box plots, including individual data
points, the median, and the quartiles. Statistical
significance was assessed using an unpaired t-test, with
exact p values provided. *p < 0.05.

In the all-mice group, the 5LF2 diet resulted in a
mean tumour weight 34.84 grams higher than the
58R1 diet (P = 0.0127), with a moderate effect
size (Figure 1A, R2=0.3680). In males, the mean
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difference was 37.00 grams (P = 0.0367), with a
larger effect size (Figure 1B, Rz = 0.5442), while
in females, the mean difference was 41.00 grams
(P = 0.0136), showing the largest effect size
(Figure 1C, R2 = 0.6655). In all groups, the
unpaired t-tests yielded significant P values (P <
0.05), indicating that the 5LF2 diet had a notable
impact on tumour weight. These findings suggest
that the 5LF2 diet significantly influenced
tumour weight, with the most pronounced effect
observed in female mice. The analysis of tumour
size across all mice, males, and females fed either
a phytoestrogen-rich 5LF2 diet or a control 58R1
diet revealed significant differences in tumour
size between the two diet groups Figure 2. For all
mice, the S5LF2 diet resulted in a mean tumour
size 48.56 mm3 larger than the 58R1 diet (P =
0.0258), with a moderate effect size (Figure 2C,
R? = 0.3074). In males, the 5LF2 diet caused a
mean tumour size increase of 61.60 mm3 (P =
0.0159), showing a large effect size (Figure 2B,
R? = 0.6485). In females, the 5LF2 diet led to a
50.75 mma3 larger tumour size (P = 0.0238), with
a strong effect size (Figure 2C, R2 =0.6010). The
unpaired t-tests for all groups showed significant
differences (P < 0.05), indicating that the 5LF2
diet significantly influenced tumour size. These
results suggest that the phytoestrogen-rich 5LF2
diet significantly impacted tumour size across all
groups, with the most pronounced effect in males,
followed closely by females.
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Figure 2. Effect of consuming a phytoestrogenic diet on
tumour size in C57BL/6 mice. The effect of estrogenic
(5LF2) and control diets (58R1) on tumour size (mma3) in
melanoma-bearing mice. (A) The tumour size (mm3) in all
mice following an estrogen-rich or poor diet (B) The
tumour size (mm3) in males following an estrogen-rich or
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poor diet. (C) The tumour size (mm3) in females following
an estrogen-rich or poor diet. The data are presented as box
plots, including individual data points, the median, and the
quartiles. Statistical significance was assessed using an
unpaired t-test, with exact p values provided. *p < 0.05.

A phytoestrogen diet is associated with
upregulated estrogen receptor p in B16-F10
tumours: As a transcription factor, ERf
regulates the transcription of various genes,
which binds to estrogen response elements
(ERE) upstream of the target genes (Hayashi et
al., 2003). Therefore, we investigated the effect
of a diet rich in phytoestrogen on the expression
of ERP in mice bearing melanoma tumours. To
investigate the effect of a high phytoestrogen
diet (5LF2) and control low phytoestrogen diet
(58R1) on ERP mRNA levels, melanoma
tumours were isolated, and fold change
quantified using gPCR. The comparison of fold
change in mRNA expression of ERf} between the
5LF2 and 58R1 diets showed significant
differences in both male (Figure 3B) and female
mice (Figure 3C), but no significant difference in
the overall group (Figure 3A). In male mice, the
SLF2 diet significantly increased ERf
expression compared to the 58R1 diet (P =
0.0155), with a large effect size (R2 = 0.9692). A
similar significant increase was observed in
female mice (P = 0.0188, Rz = 0.9627).
However, in the combined data for all mice, no
significant difference was found (P = 0.1828),
likely due to higher variability in this group.
Overall, the 5LF2 diet had significantly
upregulated tumour ERB mRNA expression, in
males and females individually with ERf
expression higher in females than males for both
diets.

5
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Figure 3. Effect of estrogenic (5LF2) and control (58R1)
diets on ERB mRNA expression in B16-F10 tumours from
melanoma-bearing mice (All n=4, Females n=2, Males
n=2). The study examined the impact of estrogenic (5LF2)
and control (58R1) diets on ERp mRNA expression in B16-
F10 tumours from melanoma-bearing mice. Fold changes
in ERB mRNA expression were assessed using the AACT
method, with normalisation to GAPDH. Results showed
differences in tumour ERf expression across (A) all mice,
as well as in (B) male and (C) female subgroups, following
either an estrogen-rich or estrogen-poor diet. Data are
presented as mean £ SD (n = 3). Statistical significance was
determined using an unpaired t-test, with exact p-values
reported (*p < 0.05).
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Consumption of a phytoestrogenic diet
significantly increases splenic Tregs in tumour
bearing mice: Splenic Tregs (CD4+CD25+ cells
as a percentage of CD4 T cells) were next
examined using flow cytometry across all mice,
male, and female animals fed either the
phytoestrogen-rich 5LF2 diet or the control 58R1
diet and showed significant differences between
the two diet groups (Figure 4, Supplementary
Figure 1). For all mice, the 5LF2 diet resulted in
an increase of 1.743% in the Treg percentage
compared to the 58R1 diet (P = 0.0397), with a
moderate effect size (R? = 0.2687). In males, the
5LF2 diet caused a 2.080% increase in the Treg
percentage (P = 0.0441), reflecting a moderate
effect size (R? = 0.5180). In females, the 5LF2
diet led to a 1.950% increase in Treg percentage
(P = 0.0453), with a moderate effect size (R? =
0.5140). These significant differences indicate
that the SLF2 diet significantly influenced the
percentage of splenic Tregs. These results
suggest that the SLF2 diet has a significant effect

on the percentage of Tregs across all groups, with

ORIGINAL RESEARCH
Published: 25 April 2025
DOI: 10.26505/djm.v28i1.1291

moderate effect sizes observed in both male and
female mice.
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Figure 4. Flow cytometry analysis of Treg cell
populations in splenocytes of tumour bearing mice fed on
estrogen rich (5LF2) and poor (58R1) diets. The effect of
estrogenic (5LF2) and control diets (58R1) on Treg
frequencies in melanoma-bearing mice. (A) Splenic
CD4+CD25+Foxp3+ cells in all mice following an
estrogen-rich or poor diet (B) Splenic
CD4+CD25+Foxp3+ cells in males following an estrogen-
rich or poor diet. (C) Splenic CD4+CD25+Foxp3+ cells in
females following an estrogen-rich or poor diet. The data
are presented as box plots, including individual data
points, the median, and the quartiles. Statistical
significance was assessed using an unpaired t-test, with
exact p values provided. *p < 0.05.

A phytoestrogen diet is associated with
downregulated estrogen receptor a in B16-
F10 tumours: We next investigated the effect
of a diet rich in phytoestrogen on the expression
of ERa in mice bearing melanoma tumours
(Figure 5). The comparison of fold change in
mRNA expression of ERa between the SLF2 and
58R1 diets showed significant differences in
male and female mice, but no significant
difference in the overall group. In male mice
(Figure 5B), the 5LF2 diet significantly
decreased ERa expression compared to the S8R1
diet (P = 0.0203), with a large effect size (Rz =
0.9599). Similarly, in female mice (Figure 5C),
a significant decrease was observed (P = 0.0105,
R2=0.9792). However, in the combined data for
all mice, no significant difference was found (P
= 0.0788), likely due to higher variability in this
group due to sex specific ERa levels. Overall,
the high phytoestrogen 5LF2 diet resulted in
significant downregulation of ERa mRNA
expression in both male and female groups.
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Figure 5. Effect of estrogenic (5LF2) and control (58R1)
diets on ERa. mRNA expression in B16-F10 tumours from
melanoma-bearing mice (All n=4, Females n=2, Males
n=2). The study examined the impact of estrogenic (5LF2)
and control (58R1) diets on ERo mRNA expression in B16-
F10 tumours from melanoma-bearing mice. Fold changes
in ERa. mRNA expression were assessed using the AACT
method, with normalisation to GAPDH. Results showed
differences in tumour ERa expression across (A) all mice,
as well as in (B) male and (C) female subgroups, following
either an estrogen-rich or estrogen-poor diet. Data are
presented as mean £ SD (n = 3). Statistical significance was
determined using an unpaired t-test, with exact p-values
reported (*p < 0.05).

Discussion

The aim of this study was to investigate the
impact of phytoestrogen-rich diets on melanoma
tumour growth. We show that B16-F10 tumours
were larger in size and unregulated ERf mRNA
and down regulated ERa. In addition, splenic
Tregs isolated from tumour-bearing mice showed
an increased frequency in the CD4+ T cell
population. This agrees with previous studies that
suggest animal diets containing phytoestrogens
can significantly influence the outcomes of
tumour studies and hormonal cellular endpoints.
Therefore, diet selection is critically important,
and can directly affect experimental results (3).
Despite studies which indicate the anti-
angiogenic and anti-cancer effects of consuming
a diet rich in phytoestrogen, there is ongoing
concern about the potential risks associated with
consuming high levels of these compounds
(32,33). Commercial rodent diets formulated
with soy as a protein source are typically
provided to animals daily, resulting in the
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consumption of large doses of phytoestrogens,
particularly isoflavones (34). These results in a
sustained high serum concentration of
isoflavones compared to animals fed on free or
low soy diet (4). Thigpen and colleagues (2004)
found that dietary isoflavones can affect the
reproductive, skeletal, and cardiovascular
systems (3). As a result, this may influence and
alter the outcomes of experiments focused on
comparative estrogenicity, endocrine disruption
and carcinogenicity. Sex-related factors are
intriguing aspects of melanoma tumour growth.
Premenopausal women developed melanoma
tumours more slowly than men and experience
better survival rates, potentially due to the
influence of sex hormone levels and the
expression of estrogen receptors (35). These
observations support the role of sex hormones in
melanoma development and progression (11).
However, our measurements of tumour weight
revealed that mice fed a high estrogenic diet
(5LF2) had larger tumours compared to those fed
on the 58R1 diet. This aligns with previous work
showing that B16 tumours grow more rapidly in
female C57BL/6 mice than in males. They also
demonstrate that sex and estrogen receptors
signalling mechanisms may impact tumour
development and immune cell infiltration (36).
Our results align with a study reporting an
increase in the incidence of vulvar carcinomas in
female 129/J mice fed soy protein containing
daidzein and genistein for three months,
compared to other groups fed phytoestrogen-free
diets (3). Female athymic nude mice fed dietary
phytoestrogens across a wide concentration
range (125-1,000 pg) exhibited increased
tumour size, comparable to the estradiol control
group. Long-term exposure to dietary soy
isoflavones significantly enhances proliferation
of estrogen-dependent tumours and increased
total plasma genistein concentrations (37).
Similarly, soy-derived isoflavones, with
genistein as a key component, stimulated tumour
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progression and prevented tumour regression in a
mammary  cancer model, resulting in
significantly larger tumours compared to controls
after three months of feeding (38). In contrast,
our findings do not agree with work that showed
dietary  supplementation with isoflavones
resulted in the development of smaller tumours in
a dose-dependent manner (2.5-20% soybean
protein) in an experimental metastasis model
(39). This discrepancy may be attributed to the
lower number of B16-F10 cells for tumour
implantation (0.5 x 10°), which was nearly 10
times fewer than the numbers used in our study
(39). Additionally, their study employed a mouse
melanoma BI6 cell line which is different from
the B16-F10 line and used lower doses of
soybean protein in their diets compared to those
used in this study (up to 20%). Importantly their
study used an intravenous injection model which
contrasts with the subcutaneous injection model
used in this study. Another study supporting a
protective role of phytoestrogens showed that the
administration of 15 mg/kg of a soybean-based
diet for five days reduced tumour-induced
angiogenesis in syngeneic 6-8-week-old female
C57BL/6 mice intraperitoneally injected with
1x10° B16-F10 cells (40). However, the study
employed the less aggressive parental B16-FO
cell line, (31). Furthermore, the previous study
injected 1x10° B16-F10 cells intraperitoneally,
five times fewer cells than used in our study, and
employed a different injection site. Collectively,
these differences suggest that the effect of dietary
phytoestrogens may depend on factors such as the
route of injection, duration of exposure, soybean
diet dosage, number of cells used, and the
specific animal model. Our investigation
revealed that mice fed a high-estrogenic diet
(5LF2) exhibited a significantly higher
proportion of splenic Tregs compared to mice on
a low-estrogenic diet (58R1). This result concurs
with a previous study demonstrating that estrogen
(17-B-estradiol, E2) administered at
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physiological doses enhances Treg expansion
and upregulates Foxp3 and IL-10 expression in
multiple  tissues  of  immunocompetent
ovariectomized female mouse models (41).
Additionally, others have reported that increased
estrogen (17-B-estradiol, E2) levels stimulate
Foxp3 expression in both naive and syngeneic
pregnant female C57BL/6 mice. This finding is
particularly significant given the accumulation
of FoxP3+ Tregs in tumours is a well-established
predictor of poor prognosis in various cancers
(26,42,43). Our results revealed significantly
higher ERf mRNA expression in tumours from
mice fed a high-estrogenic diet (5LF2) compared
to a low-estrogenic diet (58R1), with females
exhibiting higher expression than males fed on
the same diets. Similar findings were obtained by
de Giorgi et al. (2009) that reported higher ER3
MRNA levels in primary compared with
metastatic melanomas (9,10). Additionally,
immunohistochemistry has confirmed the
presence of ERp protein, but not ERa, in human
malignant melanoma cells (45). ERP is thought
to play a protective role in tumour suppression
by reducing uncontrolled proliferation and
enhancing apoptotic activity, with its activation
shown to inhibit cutaneous melanoma cell
growth (8,46). Conversely, ERa mRNA
expression was lower in tumours of mice fed a
phytoestrogen-rich diet compared to controls,
and expression was also lower in males
compared to females. This finding contrasts with
studies suggesting that ERa promotes the
proliferation of various cancerous cells (47). The
findings from our study are consistent with
existing literature, which suggests that mouse
melanoma tumours express both estrogen
receptors (ERa and ER). Specifically, the
interaction of phytoestrogens, which are
chemically similar to estrogen, in the diet
appears to stimulate a decrease in ERa
expression,  potentially  promoting  cell
proliferation and enhancing tumour progression.
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This is accompanied by an increase in the splenic
Treg population. In contrast, the expression of
ERp may counteract tumour growth mechanisms.
This could occur through the activation of ERp or
by disrupting the activity of ERa, potentially
through the formation of ERo/ERp heterodimers.
Such interactions may exert an anti-proliferative
effect, leading to reduced tumour growth and a
lower percentage of splenic T-regs. This study
adopts a well-established murine melanoma
model, with dietary manipulation to simulate
phytoestrogen exposure and the quantification of
immune cell subsets. We incorporate efforts to
adhere to the 3Rs (Replacement, Reduction, and
Refinement) by using the minimum number of
animals necessary to achieve meaningful results,
and statistical tests appropriate for small sample
sizes were applied. However, there are several
limitations and although the all-mouse group
included larger numbers (>6), stratified sex-
based analysis involved a smaller sample size per
group. Therefore, the stratified analysis should be
interpreted more cautiously. Additionally, the
analysis of ER expression examined only mRNA
expression and not protein expression and
therefore expression may not fully reflect
functional ER activity. We also note the limited
scope of immune cell profiling and the lack of
long-term tumour monitoring.

Diyala Journal of Medicine

Conclusions

Despite significant contradictions in findings
regarding the effects of dietary phytoestrogens on
tumour growth, there is growing clinical and
preclinical evidence suggesting that
phytoestrogen-rich diets in animal models may
influence cancer research outcomes. Variations
in dietary isoflavone levels, particularly in soy-
based laboratory diets, have been identified as a
key factor contributing to inconsistent results
across studies.

Recommendations
This study highlights the need to consider animal
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diets as an essential experimental variable that
should be carefully controlled to ensure
reproducible and reliable animal models. For
certain experimental designs, an isoflavone-free
or low diet may be required to prevent dietary
interference  with experimental outcomes.
Therefore, selecting an appropriate diet is crucial
for the validity and reliability of carcinogenicity
studies.
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Abstract

Background: Radiotherapy is an important part of the treatment paradigm
for many patients with rectal and cervical malignancies. With the
development of more powerful 3D conformal treatment planning tools, the
clinical application of three-dimensional conformal radiation therapy (3D-
CRT) has gained recognition for its potential to enhance treatment results for
these patients.

Objective: To assess which cancer type benefits more from the (3D-CRT)
technique by comparing its effectiveness for rectal and cervical cancer, with
a focus on dosimetric outcomes.

Patients and Methods: A retrospective analysis conducted from August
2023 to January 2024 assessed ten cases of rectal cancer and ten cases of
cervical cancer, who treated with 3D-CRT technique at Awat Radiation
Oncology Center (AROC), Erbil. Many dosimetric parameters, including
mean dose (Dmean), minimum dose (Dmin), maximum dose (Dmax), target
volume coverage (D95%), homogeneity index HI, conformity index CI, and
the dose that is received by the organ at risk, have been evaluated in order to
determine the efficacy of 3D-CRT technique for both cancers.

Results: Rectal cancer showed higher conformity and homogeneity index in
the PTV int_sum phase (0.87 + 0.05), (0.16 + 0.02) compared to cervical
cancer (0.66 = 0.21), (0.19 £ 0.01), indicating better alignment of prescribed
dose with target volume and more consistent dose distribution within the
target volume. For organs small bowel (V45 < 195cc) and bladder (V45 <
50%), rectal cancer exhibits very high significantly superior sparing in
comparison to cervical cancer, displaying lower average volumes and
percentages of these organs receiving 45 Gy (p <0.001 for both).
Conclusion: The investigation demonstrated that 3D-CRT offered better
target coverage, dose homogeneity, and conformity for rectal cancer. Plans
for rectal cancer also showed improved bladder and rectum sparing.
Keywords: Rectal cancer, Cervix cancer, Homogeneity index (HI),
Conformity index (CI).

Rectal cancer is a significant oncological health issue. It would be the third leading cause of
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mortality in the world due to oncological
diseases. For radiotherapy treatment, it is crucial
to rely on optimization techniques that can treat
the target volume while also minimizing the
amount of dosage that reaches the organs at risk
(OARs) (1-2). Cervical cancer (CaCx) is a
prevalent malignancy in women, affecting over
500,000 globally. Annually, 233,000 women
die, primarily in poor nations. Treatment mainly
involves external beam radiation and intravitreal
brachytherapy for locally advanced cases (3).
Radiotherapy has an established role in the
curative treatment of rectal and cervical cancers
(4). Choosing the right radiotherapy technique for
rectal and cervical cancers is crucial. Different
techniques, such as 3D-CRT, Intensity-
modulated radiation therapy (IMRT), or
Volumetric modulated arc therapy (VMAT), can
improve tumor coverage and reduce the risk of
recurrence. Careful selection of methods also
helps spare critical organs-at-risk, reducing side
effects. Personalized strategies enhance patient
quality of life and treatment success rates (5).
Three-dimensional conformal radiotherapy (3D-
CRT) uses 3D anatomic information to provide
an appropriate dosage to tumors and healthy
tissue. Delivering high doses of ionizing radiation
to the target volume and minimum doses the
OARs. And uses for treat both rectal and cervical
cancers (6). Despite the widespread use of 3D-
CRT for both cancer types, there is limited
research directly comparing its effectiveness
between rectal and cervical  cancers.
Understanding the dosimetric differences is
critical, as anatomical and physiological
variations can significantly impact treatment
outcomes. This study addresses this gap by
examining dose coverage,
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conformity, homogeneity, and organ-at-risk
sparing, providing insights into the suitability
of 3D-CRT for these two distinct malignancies.
This study aims to assess and compare the
dosimetric results of the 3D-CRT technique for
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rectal and cervical cancers, intending to identify
the more appropriate cancer type for this
treatment technique.

Patients and Methods

Patients' selection: In this study, 20 patients
with two different types of cancer were included:
10 cases of rectal cancer, with a mean age of
52.6 years, six female patients (60%) and four
male patients (40%); and 10 cases of cervical
cancer, with a mean age of 59.2 years, all of
them were female as shown in Table 1. They
were treated with the 3D-CRT technique at the
Awat Radiation Oncology Center, in Erbil from
August 2023 to January 2024.

Table 1. Patient characteristics.

S . Rectal Cancer | Cervical
(n=10) Cancer (n=10)

Mean age

(years) 52.6 (35-85) 59.2 (67-55)

Sex:

Male 4 (40%) -

Female 6 (60%) 10(100%)

CT simulation: Each patient will receive
radiation therapy imaging using a CT scan with a
2-5 mm slice separation according to the size,
type, and location of the tumor. They all scanned
in the headfirst orientation in the supine position
with an (A) headrest. The arms were either on
the chest or raised up. All patients were
breathing freely during the scan with an empty
rectum and no contrast. We followed the bladder
protocol, and patients were asked to drink 4-5
glasses of water to ensure a full bladder, which
helps keep the bowel from moving into the
pelvis. The isocenter location was in the middle
of the pelvis, and the scan started from the upper

abdomen to the mid-thigh for all patients. The
image sets will be transferred to the Monaco
treatment planning system version 5.51.02 for
contouring and planning.

Target volumes and OARs contour: The
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radiation oncologist outlined the target volumes
and OARs. Target volume includes gross target
volume (GTV), clinical target volume (CTV),
and planning target volume (PTV). The organs
at risk were the small bowel, bladder, and right
and left femoral heads for both rectal and
cervical cancers as shown in figure 1 and 2,
respectively. Contouring for rectal cancer, the
GTV was defined as all gross disease; the CTV
includes the GTV with a minimum of 1.5-2 cm
superior and inferior margin as well as the entire
rectum, mesorectum, and presacral space and
internal iliac and obturator lymph node. The
PTV includes the CTV + 5mm (7). In the cases
of cervical cancers, the GTV is also defined as
all gross tumors; the CTV consists of the
common, external, and internal iliac and
presacral lymph nodes with a 7 mm margin
around the vessels and any additional visible
lymph nodes, lymphoceles, or pertinent surgical
clips, and the PTV initial (PTVinit.) included
CTV + 7 mm, and the PTVboost included CTV,
vaginal cuff + parametrium (8).

Figure 1. Axial image for patient with rectal cancer in
AROC, bladder (red), small bowel (green), LFH (light
blue), RFH (yellow), PTVinit.45Gy (pink), PTV boost
5.4Gy (purple), rectum (dark blue).

Figure 2. Axial image for patient with cervical cancer
in AROC, bladder (green), LFH (dark purple), RFH
(orang), PTV inti. 45Gy (turquoise), PTVhoost 5.4Gy
(pink), CTV (yellow), rectum (dark blue).

Treatment planning: For both rectal and
cervical cancers, the prescribed dose was 1.8
Gyl/fraction to 45Gy for the PTVinit. and 1.8
Gyl/fraction to 5.4Gy for the PTV boost, which
received a cumulative dose of 50.4 Gy. 3D-CRT
plans were developed using Elekta's Monaco
treatment planning system (TPS), which can
accurately calculate 3D-CRT, IMRT, VMAT,
SRS, and Brachytherapy plans using advanced
algorithms such as Monte Carlo algorithm (the
most accurate dose calculation available), pencil
beam, and collapsed cone. Each of the 3D-CRT
plans employs an isocentric technique and
contained four photon beams: posteroanterior
(PA), anteroposterior (AP), and two opposing
lateral fields as shown in figure 3, with varying
gantry angles (0°, 90°, 180°, and 270°), utilizing
10 MV of energy, provided by an Elekta infinity
linear accelerator machine. To accomplish a
consistent dose distribution and meet clinical
objectives.
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Figure 3. Screenshot for a treatment plan with 4 beams: PA, AP, and two opposing lateral fields, with three
views: a: axial, b: coronal, c: sagittal, and d: the Dose- Volume Histograms (DVH) for patient with rectal
cancer at AROC.

Plan evaluation: A distinction was made
between the global plan, comprising the sum of
both phases, and the results corresponding to
each phase. PTV int._sum and PTV boost_sum
is the same as PTV int. and PTV boost. The
phrase " sum" indicates that the related
evaluated parameters (Dmean, Dmax, Dmin, HI,
Cl, D98%, and D2%) of each of them apply to
the sum plan rather than the separate phase
plans. The parameters of the individual phase
plans have specifications for PTV int. and PTV
boost. Plans were compared using the Dose-
Volume Histograms (DVHSs). For the PTV, the
following data were analyzed: Dmean, Dmax,
Dmin, D95%, The 95% of the prescribed dose
of the PTV is helps to evaluate the dosimetry
plans. The goal of the dosimetry plan is to cover
at least 95% of the PTV (V95%) with 95% of
the prescribed dose. A Homogeneity Index (HI)
is a fast and easy-to-use scoring tool used to
assess and quantify dose homogeneity in a target
volume. The formula used in this study to
calculate HI was suggested by ICRU-83 (9).

Dyo, — Doggo
1 = 22% 98%
Dp

Where, D2% denotes the maximum dose that
will be delivered to 2% of the PTV, Dp denotes
the prescribed dose for the PTV, and D98%

denotes the minimum dose calculated for the
remaining 98% of the PTV. Conformity index
(CI) is defined as the ratio of dosage volumes
covered to PTV volume. In the present study, we
use the following equation to calculate CI (9):

- volume covered by 95% of prescribed dose
- volume of PTV

The small bowel, bladder, and femoral heads
were the OARs examined in this study. The
OAR doses were evaluated on the global plan
and compared with the constraints in QUANTIC
and RTOG protocols (10). The constraint doses
for small bowel, bladder, and right and left
femoral heads were V45 < 195 cc, V45 < 50%,
and V45 < 15%, respectively, for both types of
cancer.

Statistical analysis

Data entry and analysis were conducted using the
Statistical Package for Social Sciences (SPSS)
version 26. Two approaches were used: in the
first approach the descriptive statistics to
calculate frequencies and percentages. While in
the second approach: we used an independent t-
test for normally distributed groups and a Mann-
Whitney test for non-normally distributed data.
A P-value < 0.05 is regarded as statistically
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significant. Shapiro's test is used to assess the
normality of the data.
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Results

Dosimetric parameters for PTV: The study
revealed significant variations in dosimetric
parameters between rectal cancer and cervical
cancer as shown in Table 2. Rectal cancer
demonstrated a notably higher minimum dose
Dmin to the PTV int_sum (4040 = 213.43 cGy)
compared to cervical cancer (3496.68 + 213.81
cGy), with a p-value of <0.001, indicating
superior coverage. However, the minimum dose
for the PTV boost sum did not differ
significantly between rectal cancer (4577.49 +
190.13 cGy) and cervical cancer (4410.20 *
262.85 cGy, p = 0.09). The Dmax of the PTV
int_sum was not significantly different between
rectal cancer (5339.51 + 49.24 cGy) and cervical
cancer (5311.89 = 39.94 cGy, p = 0.18), but
rectal

Table 2. Dosimetric parameters for PTV.

ORIGINAL RESEARCH
Published: 25 April 2025
DOI: 10.26505/djm.v28i1.1120

cancer had a very high significant maximum
dose for the PTV boost _sum (5353.75 = 30.11
cGy) compared to cervical cancer (5312.75 *
9.76 cGy, p<0.001). Additionally, the mean dose
Dmean to the PTV int_sum was slightly higher
in rectal cancer (5025.26 + 100.33 cGy) than
cervical cancer (4907 + 148.80 cGy, p = 0.05),
and similar results were observed for the PTV
boost. Rectal cancer also had a very high
significant D95% dose for the PTV int_sum
(4539.72 = 165.76 cGy) compared to cervical
cancer (4315.18 + 103.28 cGy, p = 0.002),
indicating better target coverage in rectal cancer.
Conversely, the D95% dose for the PTV
boost_sum did not show a significant difference.
These results demonstrate that, rectal cancer
generally received higher doses and achieved
better target coverage.

Rectal Cancer (Mean + SD) | Cervical Cancer (Mean £ SD) | p-value
32;3 for PTV init._sum 4040+213.43 3496.68+213.81 <0.001
32;3 for PTVboost_sum | 4577 49+190.13 4410.20+262.85 0.09
323))( for PTV init._sum 5339.51+49.24 5311.89+39.94 0.18
l()£;>)( for PTV boost_sum 5353.75+30.11 5312.75+9.76 <0.001
l()crg;el?n for PTV init._sum 5025.26+100.33 4907+148.80 0.05
l(?:rg;e/:;m for PTVboost_sum 5167.150+53.45 5114.55+54.04 0.04
(E()%S;? for PTVinit._sum 4539 72+165.76 4315.18+103.28 0.002
(E()%S;? for PTVboost_ sum 5068.87+195.04 5010.82+186.73 0.50

Physical Indices: There were marked variations
in dose homogeneity and conformity between
rectal cancer and cervical cancer as shown in
Table 3. In the PTV inti. sum phase, rectal
cancer exhibited significantly higher conformity
(0.87 £ 0.05).

compared to cervical cancer (0.66 + 0.21) with a
p-value of 0.01, indicating better alignment of
the prescribed dose with the target volume for
rectal cancer. When it
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comes to the PTV boost_sum phase, the
conformity index was very high signeficantly
between rectal cancer (0.98 + 0.01) and cervical
cancer (0.97 + 0.05), with (p = 0.008). As for the
homogeneity index, which measures the
uniformity of dose distribution within the target
volume, rectal cancer also displayed superior
dose homogeneity in the PTV int_sum phase
(0.16 £ 0.02) compared to cervical cancer (0.19
+ 0.01), with a p-value of 0.003, indicating a
more consistent dose distribution for rectal
cancer. In the PTV boost_sum phase,
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both rectal cancer and cervical cancer had similar
homogeneity indices (0.086 + 0.02 and 0.085 +
0.01, respectively), with no significant difference
(p = 0.89). These findings suggest that rectal
cancer generally achieved better dose conformity
and homogeneity, particularly in the initial
phase, which could have implications for
optimizing treatment precision and minimizing
exposure to surrounding healthy tissues.

Table 3. Homogeneity index (HI) and conformity index (CI).

Rectal Cancer (Mean = SD) | Cervical Cancer (Mean £ SD) | p-value
Cl forpTv int. sum 0.87+0.05 0.66+0.21 0.01
CI for PTV boost sum 0.98+0.01 0.97+0.05 0.008
HI for pTv int. sum 0.16+0.02 0.19+0.01 0.003
HI for TV boost sum 0.086+0.02 0.085+0.01 0.89

Organ at risk: The comparison of organ
sparing between rectal cancer and cervical
cancer shows notable differences for certain
organs as shown in Table (4) and Figure (4). For
the organs small bowel (V45 < 195 cc) and
bladder (V45 < 50%), rectal cancer exhibits very
high significantly superior sparing
(120.15+36.16 and 65.84 + 13.31, respectively)
in comparison to cervical cancer (197.87+7.70
and 36.55 + 12.52, respectively), displaying
lower average volumes

Table 4. Organ at risk (OAR) sparing.

and percentages of these organs receiving 45 Gy
(p<0.001). However, for organs RFH and LFH
(both V45 < 15%), there are no statistically
significant differences in sparing between rectal
cancer and cervical cancer (p = 0.40 and p =
0.96, respectively). These results imply potential
variations in treatment planning or tumor
characteristics that impact organ sparing for
different cancer types.

OAR Rectal Cancer Cervical Cancer Mann- Whitny YA p-
Mean = SD Median Mean Mean £+ SD Median Mean U value
rank rank
SB,
V45(cc) 120.15+36.16 197.87+7.70 <0.001
Bladder,
\/45(%) 36.55 £ 12.52 65.84+13.31 <0.001
RFH, *
\/45(%) 0.28+0.50 0 11.40 | 0.32£0.99 0 9.60 41 0.839 | 0.40
LFH, -
\/45(%) 1.33+1.99 0.39 10.45 | 2.22+£2.49 1.10 10.55 49 0.039 | 0.96
*Mann- Whitny U test
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Figure 4. Bar graphs of (A) a comparison of the small bowel volume received 45Gy for rectum and cervical cancer,
(B) a comparison of the bladder volume % received 45Gy for rectum and cervical cancer, (C) a comparison of the RFH
volume % received 45Gy for rectum and cervical cancer, (D) a comparison of the LFH volume % received 45Gy for
rectum and cervical cancer.
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Discussion

The results of the study show that 3D-CRT
technique, is usually more effective for rectal
cancer than cervical cancer in regards to dose
coverage (D95%), homogeneity index (HI),
conformity index (CI), and sparing of organs
at risk (OARs). This study shows that, in
comparison to cervical cancer, rectal cancer
has a better dose coverage (D95%) with 3D-
CRT treatment. This is primarily because of
the rectum's anatomical stability. These
results align with previous studies. For
example, a study conducted in 2016 by
Simson DK et al. (11) demonstrated that 3D-
CRT offers sufficient dose coverage for
rectal cancer and that most patients achieve
favorable D95% results because of the
relatively fixed position of the rectum within
the pelvis. Conversely, studies on cervical
cancer by Urban R et al. (2022) (12)
supported our findings that D95% outcomes
are less consistent for cervical cancer by
demonstrating difficulties in achieving
optimal D95% with 3D-CRT due to the
cervix's variable position and movement
caused by bladder and bowel filling. The
results of this study, which show that the ClI
and HI are more advantageous for rectal
cancer than for cervical cancer when
utilizing 3D-CRT, are consistent with earlier
research. For rectal cancer, Jun Zhao et al.
(2016) (13) found that 3D-CRT could
achieve satisfactory Cl and HI due to the
simpler geometry and fewer variations in
target position. On the other hand, Zeng et al.
(2024) (14) found that in the case of cervical
cancer, the uneven form of the cervix and the
mobility of surrounding organs typically
result in inadequate CI and HI after 3D-CRT,
necessitating the employment of more
sophisticated techniques like IMRT to
improve these
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indices. This confirms the finding that these
anatomical difficulties may make 3D-CRT less
effective for cervical cancer. Regarding OAR
sparing, this study indicates that 3D-CRT is more
appropriate for rectal cancer than for cervical
cancer in terms of OAR sparing. In rectal cancer,
the results of other studies, like those by Georgios
Kouklidis et al. (2023) (15), which showed that 3D-
CRT enables better organ sparing of nearby organs,
like the small bowel and bladder, because the tumor
is more localized and there is less overlap with
critical structures, are consistent with this finding.
While those in cervix cancer this technique couldn’t
protected the small bowel, due to the specific shape
of the pelvic floor and iliac lymph node. After a
hysterectomy, a significant portion of the small
bowel is situated in the pelvic space, leading to a
larger volume of intestine receiving a high dose
(16). The study results indicate that the average
small bowel volume for patients with cervical
cancer exceeded the tolerance dose. Therefore, it's
crucial to minimize the dose to the small bowel to
prevent gastrointestinal toxicity. According to
Minsky et al. (1995) (16), there is a strong
correlation between gastrointestinal toxicity and the
volume of irradiated small bowel. However,
because of the close proximity of the bladder and
bowel to the cervix, several studies including one
by Lv Y et al. (2014) (17) have demonstrated that
OAR sparing is more difficult with 3D-CRT for
cervical cancer. This results in higher rates of
toxicity when these organs unintentionally receive
radiation. The 3D-CRT technique is effective in protecting
the bladder from high doses in patients with rectal cancer,
while for patients with cervical cancer, it was ineffective.
For the bladder in cervical cancer, our results cast a new
light on the results for the patients who were treated with PD
50.4 Gy. All the percentage patients' bladder volumes were
above the tolerance volume, the mean + SD of the volume
that receive 45Gy for cervical was 65.84 + 13.31. And that is
mean the 3D-CRT technique cannot protect the bladder from
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the high dose in cervical cancers. However,
when comparing our results to those of older
studies, the findings are directly in line with
Lv Y et al.(2014) (17) the mean for V45(%)
were 65.48, which was more than 50%.

Conclusions

Diyala Journal of Medicine

This study demonstrates that 3D-CRT is generally
more effective for treating rectal cancer compared to
cervical cancer due to differences in anatomical
structure, tumor positioning, and organ stability.
Rectal cancer showed superior dose coverage
(D95%), homogeneity index (HI), and conformity
index (CI), as well as better sparing of organs at risk
(OARs). Conversely, the mobility and variable
position of the cervix and adjacent organs, such as
the bladder and bowel, present significant challenges
for achieving optimal outcomes in cervical cancer
treatment with 3D-CRT.

Recommendations

Given the limitations observed in 3D-CRT for
cervical cancer, it is recommended that further
research explore alternative radiotherapy techniques
to determine whether they offer superior outcomes,
particularly in terms of organ sparing and dose
homogeneity.
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Medicine, University of Diyala. This s an open Background: Hepatitis B virus (HBV) is a common and international

o oatvecmmonsogconedbyidon - Problem associated with severe liver diseases. Programmed cell death-1

Website: (PCD-1) is an immunosuppressive molecule that negatively regulates T-cell

AL SR L TR p Tl activity. Genetic variation in PCD-1 gene could impact the encoded protein,
and, thus HBV infection.

o Objective: To assess the single nucleotide polymorphisms (SNPs) in the

iﬁﬁﬁ;@‘é i‘; ,\'\,l,(;\ﬁ?ber 383‘; PCD-1 gene's promotor area effect of viral load and HBV infection.

Published: 25 April 2025 Patients and Methods: This case-control study recruited 117 subjects (67
patients with HBV and 50 apparently healthy persons as control). From June
2024 to November 2024, all subjects had been selected at the
Gastroenterology and Liver Hospital-Medical City (Baghdad, Iraq). Every
participant donates about 5 mL of blood extracted from a vein and stored at -
80 °C until it was needed. Blood samples were used to obtain genomic DNA,
and gene fragment corresponding the rs38084323 polymorphism in PCD-1
gene was amplified and genotyping by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP).
Results: The patients' and controls' mean ages did not differ significantly,
out of the 67 patients, 39 (43.28%) had an acute infection, and 38 (56.7%)
had a chronic infection. Merely 34.33% of the patients were receiving HBV-
specific therapy. Patients having the mutant homozygous genotype (GG) of
rs38084323 were significantly more likely to have it (28.36% vs. 14%) (OR=
3.34, 95%CIl= 1.07-10.38, p= 0.037). On the level with allele, the G allele
was more often found in patients than in healthy subjects (54.48% vs. 41%),
demonstrating an important disparity (OR=1.72, 95% CI=1.02-2.91,
p=0.042). The various genotypes did not substantially affect the progression
of infection to a chronic status. Although, 30.77% of patients carrying the
AA genotype had viral > 200000 IU/ml compared with 5.71% for AG
carriers and 15.79% for GG carries with such a viral load, and these results
were shown significant difference.
Conclusion: The homozygous mutant genotype (GG) and G allele may be
regarded as an indicator of risk for HBV infection. However, their impact on
viral load is negligible.
Keywords: Hepatitis B virus, Programmed cell death-1, Promoter,

Single nucleotide polymorphism, Apoptosis.
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Introduction

The World Health Organization (WHO)
projected that by 2024, there will be 254 million
people with a chronic HBV infection, a 3.2%
global seroprevalence of hepatitis B surface
antigen (HBsAg), and around 820,000 deaths
from HBV-related causes (1). Hepatitis B virus
is recognized as a source of several viral
diseases, including acute hepatitis B, which may
resolve naturally, and chronic infection, which
increases the risk of fatalities from
hepatocellular carcinoma (2). The clinical
consequences of HBV infection rely on the
intricate interplay between the host immune
response and viral replication. Innate immunity
has a significant influence in the initial stages of
the  disease. ~ However, HBV  evades
identification by the host innate immune system
through stealth (3). The complete elimination of
the virus during acute infection is contingent
upon an individual's immune system. Generally,
individuals infected with HBV can eradicate the
virus; nevertheless, acute infection may progress
to chronic infection in cases of immunological
inadequacy (4). Adaptive immunity, comprising a
variety of cell types, has both preventive and
detrimental functions in generating an antiviral
acquired response. Numerous strong arguments
demonstrate that the human cellular immune
response which is enabled by CD8+ and CD4+T
cells, predominantly HBV-specific CD8+T cells
is essential for HBV pathogenesis (5-7). If the
virus is not completely eradicated from the body,
HBV persists.

A dynamic equilibrium between the host's
immune response and viral replication is
established, ultimately leading to immunological
tolerance and T cell dysfunction in the long term.
The depletion of HBV-specific CD8+ T cells
predominantly occurs through the stimulation
the immunosuppressive checkpoint PCD-
1/PCD-L1 signaling cascade. Genetic factors
donated in advancement of diversity of HBV
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disease extension including single nucleotide
polymorphism of diversity genes such as
Programmed cell death -1 (PCD-1) (8). The
PCD-1 gene is situated on chromosome 2 at
position 37.3 areas, and over thirty single
nucleotide polymorphism (SNPs) sites are in
various areas of the gene comprising exon,
promoter, intron and 3’"UTR area (9-10). PD-
1(also known CD 279) is 55-KD protein and a
kind of the immunoglobulin subfamily which are
immunological sensor revert to the CD28/CTLA-
4 that recognized to be restraint of receptor
(11,12). PCD-1 offered at the level on trigger B
lymphocytes, natural killer cells, T cells, myeloid
dendritic cells, and can found in elevated amount
at T lymphocytes that get in the repose phase
(13). Studies have announced that there are
newly genetic interrelation reports had examined
genetic variant of (PCD-1) and its ligand (PCDL-
L1) with cancer, autoimmune and certain disease
in various world people (14,15). Given the
significant function of PCD-1 in T-cell activity
within the immune response specific to HBV, it
is essential to consider the potential effects of
gene polymorphism regarding the expression or
functional alteration of PCD-1 and its
implications for immunological reaction. In this
condition, it we conducted a case-control
research with the objective of defining the
correlation between HBV infection and the SNP
rs36084323. Therefore, the objective of this
study was to assess the single nucleotide
polymorphism (SNPs) in the gene's promotor
area effect of viral load and HBV infection.

Patients and Methods

The study design: One Hundred and seventeen
subjects registered in this case- control
research, encompass 67 patients with HBV and
compared with 50 healthy persons. All subjects
enlisted at Gastroenterology and liver Hospital-
Medical City (Baghdad, Irag) from June 2024
to November 2024. Diagnosis was executed for
HBs Ag by laboratory tests involving enzyme-
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linked immunosorbent assays (ELISAs) and
asserts these tests by viral load specified by real
time-PCR.

Data and sample collection: Written agreement
was acquired from all group’s previous
enrollment in the research project. Data on
gender, age, body mass index (BMI), residence,
family history of HBV and comorbidities was
taken from each subject through direct interview
in a preformed formula. Type of infection and
treatment assorted under clinical features.
Approximately 5 mL of blood taken from a vein
gained from everyone who participated, this
volume divided into two part 3 pl utilized for
serological analysis and 2 pl utilized for
molecular assay and both of these kept at —80
°C til be utilized.

Serum preparation and storage: To ensure
full clotting, the tubes were centrifuged for 10
minutes at 1900 x g at 4 °C after being kept at
room temperature (15-25 °C) for 20 minutes.
Ultimately, the supernatant was cautiously
moved to a fresh tube. For HBs Ag.

Diyala Journal of Medicine

Determination of Hepatitis B surface antigen
(HBs Ag) by ELISA: All 117 samples were
examined for detection of (HBs Ag) by ELISA
kit (Cat. No: BXEO741C ,CAMP/Romania).
The procedure according to the manufacture,
Once the necessary number of strips had been
removed, they were secured into the micro well.
The ELISA working sheet was followed when
adding the specimens. 100 pl of samples were
added to the test well, and 100 pl of HBs Ag
positive, negative control was added to the
control well. To every well, one hundred
microliters of conjugate were added. After 50
minutes of incubation at 37 °C, the well was
rinsed four times with wash buffer. After 50
minutes of incubation at 37 °C, the well was
rinsed four times with wash buffer. After adding
90 ul of TMB substrates, the mixture was
incubated for 20 minutes at 37 °C in a dark
environment. The well becomes blue. Lastly, 50
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ul of stop solution was carefully added, convert
the color to yellow. The result was measured at
450 nm in 15 minutes.

Isolation DNA and Polymerase Chain
Reaction and restriction fragment length
polymorphism (RFLP): A commercial kit
(Gsync TM DNA extraction kit quick organizer,
Cat.No: GS100, Geneaid, Taiwan) was utilized
for Genomic DNA extraction as stated by steps
by the  manufacturer.  Biospec  Nano
spectrophotometer identified extracted DNA
concentration the at 260 nm/280 nm
(A260/A280). Polymerase chain reaction
restriction fragment length polymorphism (PCR-
RFLP) was employed to inspect the -538
locus (rs3608423). For this purpose, two primers
utilized (16):

Forward (F): 5'-
CTCAACCCCACTCCCATTCT-3' and reverse
for above F (R) 5'-
TTCTAGCCTCGCTTCGGTTA-3'" with an

expected fragment length of 552 bp. The ABI
9600 (Hybaid / England) was employed in PCR
in entire volume of 25 pl comprising 50 ng of
genomic DNA, 1.5 pl of 10xPCR buffer, 0.3 pl
of 10mMdNTPs, 0.25 pl of 10pmol/ul of every
primer, and 1.25 U of Tag DNA polymerase
(Cat. No: K-2012, Bioneer, Korea). The cycling
parameters included preliminary denaturation at
94 °C for 5 minutes, subsequently 30 cycles of 1
min. at 94 °C, 1 min. at 56 °C, 1 min. at 72 °C
and finally extension step at 72 °C for 5 min.
The PCR products underwent enzymatic
digestion with 5 U Mspl (Cat.No: E091, Sib
Enzyme Russia) adhering to the manufacturer's
guidelines.  Individuals’  genotypes  were
identified based on the length of digested parts
subsequent 2% agarose gel electrophoresis,
which was colored with ethidium bromide.
Allele differentiation was determined by
fragment size post- digestion which was 227 bp
for G allele and 282 bp for A allele.

Quantitation of HBV DNA: For the purpose of
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quantifying HBV DNA in all 117 samples, we
employed the COBAS AmpliPrep/COBAS
TagMan HBV Test (Roche Diagnostics, Laval,
QC, Canada), a nucleic acid amplification test,
in conjunction with an automated real-time PCR
assay. An HBV DNA fragment from the S gene
served as the primer for the HBV DNA
quantification.

Statistical analysis

The analyses were executed employed SPSS
25.0 (SPSS, Chicago). The mean and standard
deviation of Continual information were
presented, and the student t-test was employed
for analysis. The Chi-square test assessed
variables with categories, noted as numbers and
percentages. The relationship between HBV
infection and rs36084323, positioned in the
promoter area of the PCD-1 gene, was assessed
through binary logistic regression analysis. The
odds ratio (OR) and in line with 95% confidence
interval (CI) were determined from this test.
Any change regarded statistically significant had
a p-value of less than 0.05.

Results

Demographic features of the patients: There
was no substantial disparity in the mean age of
the patients and controls, the previous
processing range was 14-75 years and the last
one possessing a range of 44.98+9.5 29 years.
Despite being less common in patients than in
controls (47.76% vs. 56%), the variation was not
substantial significant. Similarly, there were no
appreciable variations between the two groups'
BMlIs or places of residence. However, there
existed a notable disparity between the 19.4% of
patients and the 6% of control group who had a
family history of HBV. Diabetes mellitus (DM)
and hypertension were prevalent co-occurring
conditions in both the patient and control
groups, with no discernible variations in the
occurrence of these conditions between them as
shown in Table 1.

ORIGINAL RESEARCH
Published: 25 April 2025
DOI: 10.26505/djm.v28i1.1174

Table 1. Presents the demographic features of the study
population.

Variables Patients Controls | p-value
(n=67) (n=50)
Age, years 0.363
Mean+SD 42.72+15.47 | 44.9849.5
Range 14-75 17-62
Gender 0.378
Male 35(52.24%) 22(44%)
Female 32(47.76%) 28(56%)
BMI, kg/m? 0.101
Mean+SD 26.2+ 3.76 25.26+3.6
Range 17.42-35.8 | 21.67-28.73
Residence 0.697
Rural 53(79.1%) 41(82%)
Urban 14(20.9%) 9(18%)
Family history 0.037
No 54(80.6%) 47(94%)
Yes 13(19.4%) 3(6%)
Comorbidity 0.614
No 51(76.12%) 36(72%) 0.937
DM 7(10.45%) 5(10%) 0.741
Hypertension 8(11.94%) 5(10%) 0.131
Others 3(4.48%) 6(12%)
SD: standard deviation, BMI: body mass index, DM

Clinical characteristics of the patients: Acute
infection was reported in 39 patients out of 67
(43.28%), while chronic infection was found in
38 patients (56.7%). Only 34.33% of the
patients were under specific treatment for HBV.
Viral load was > 200000 IU/ml in 9 patients
(13.43%) as shown in Table 2.

Table 2. Patient clinical features.

Variables Values
Type of infection
Acute 29(43.28%)
Chronic 38(56.72%)
Treatment
No 44(65.67%)
Yes 23(34.33%)
Viral load, 1U/ml
<200000 56(83.58%)
>200000 9(13.43%)
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Molecular assay: This study examined the
relationship between HBV infection and the
SNP rs36084323, which is situated in the
promoter region of the PD-1 gene. RFLP was
used for the genotyping process, as shown in
Figure 1, display the PCR products prior to
digestion, Lane M is 1:100 bp ladder, primarily
all samples explained in 1 tol4 lanes gave
positive result for PD-1.1 primers with product
length 552bp before utilized the restriction
enzyme.  Following digestion with the Mspl
restriction enzyme, three genotypes for this SNP
were identified: AA, AG, and GG, as illustrated
in Figure 2. Current study announced about 13
patients and 16 controls carrying AA genotype,
35 patients and 27 controls carrying AG
genotype and 19 patients and 7controls carrying
GG genotyping.

M1 234 56 7 8 9 10 111213 14

552 bp

TR N N W ——— W— - — — — — —

Figure 1. Gel electrophoresis of the PD-1-606 G/A gene
polymorphism amplified with an identifiable primer pair
via conventional PCR. The PCR result was dyed with
ethidium bromide. The fragment's size measured 552
base pairs.

Figure 2. Genotype variations in PD-1-606 G/A in
patients with HBV following digestion with the Mpsl
restriction enzyme, shown under U.V light after colored
with ethidium bromide. Lanes M is 1:100 bp ladder,
Lanes 1, 4, and 8: AA genotype; lanes 2, 3, 6, 9, 10, and
12: GA genotype; lanes 5, 7, and 11: GG genotype; M:
100 bp molecular ladder.

Association of rs36084323 with HBV
Infection: Both wild type homozygous and
heterozygous genotypes were less frequent in
patients (19.4% and 52.24%, respectively) than
controls (32% and 54%, respectively) although
the differences were not significant. Conversely,
the mutant homozygous genotype (GG) was
increased frequency in patients than (28.36% vs.
14%) with a substantial disparity (OR= 3.34,
95%ClI= 1.07-10.38, p= 0.037). In dominant
approach, the rate of GG genotype was higher in
patients compared to controls (28.36% vs. 14%)
with no substantial disparity. At the allelic level,
the G allele was greater prevalent in patients
compared to controls (54.48% vs. 41%),
exhibiting an important distinction (OR=1.72,
95%CI=1.02-2.91, p=0.042), as illustrated in
Table 3.

Table 3. The prevalence of various genotypes and alleles of
the rs36084323 polymorphism in HBV patients and healthy
subjects.

Genotypes

AA 13(19.4%) 16(32%) | 0.113 | 1.0

AG 35(52.24%) | 27(54%) | 0.148 | 2.1(0.77-5.7)
GG 19(28.36%) | 7(14%) 0.037 | 3.34(1.07-10.38)
HWE 0.663 0.411

Dominant model 43(86%) 1.0

AA+AG 48(71.64%) | 7(14%) 0.069 | 2.43(0.93-6.35)
GG 19(28.36%)

Recessive model 16(32%) 1.0

AA 13(19.4%) | 34(68%) | 0.121 | 1.96(0.84-4.57)
AG+GG 54(80.6%)
Alleles 61(45.52%) | 59(59%) 1.0

A 73(54.48%) | 41(41%) | 0.042 | 1.72(1.02-2.91)
G
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Correlation of various genotypes of
rs36084323 with the clinical attributes of
patients: There was no discernible effect of
different genotypes of rs36084323
polymorphism on the development of infection
into chronic status.
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Although, 30.77% of patients carrying AA
genotype had viral load >200000 IU/ml
compared with 5.71% for AG carriers and
15.79% for GG carries with such a viral load,
the change was not substantial as shown in
Table 4.

Table 4. Correlation of various genotypes of rs36084323 with the clinical attributes of patients.

Variables AA (n=13) AG (n=35) GG (n=19) p-value
Type of infection
Acute 3(3.08%) 16(45.71%) 10(52.63%) 0.232
Chronic 10(76.9%) 19(54.9%) 9(47.37%)
Viral load, 1U/ml
<200000 9(69.23%) 32(91.43%) 14(73.68%) 0.072
>200000 4(30.77%) 2(5.71%) 3(15.79%)
Discussion

This study found no variation in impact related
to age between patients and controls, also the
findings contradict previous studies conducted
in Iraqg, Iran, and China, which indicated that age
was related with a raised risk of infection. (17-
19). The study found no variation in impact
based on gender, BMI, or residence; however, a
positive association was observed between
family history and HBV prevalence. This result
compared with previous study from Iraq showed
that the proportion of family members of
infected people who received the HBV vaccine
was much lower than those who did not (20).
This finding aligns with the report from
Ethiopia. (21), Vietnam, (22) in Northeast China
(23), and Africa Uganda. (24) In contrast, this is
in consistent with other reports (25,26). This
result may from insufficient understanding of
HBYV transmission methods, inadequate caution
when sharing sharp objects, traditional practices,
or unsafe sexual practices. The transmission of
viruses occurs through various methods,
including blood transfusion. Additionally,
individuals within the same household may be
exposed to similar external risk factors. For
instance, family members engaging in the same
conventional medical practices may
significantly elevate the risk of infection through

various means, including intravenous drug use,
unsafe healthcare-related injections, blood
transfusions, and dialysis.  Additionally,
exposure to infected blood via razors and nail
clippers can contribute to infection, as can the
use of contaminated piercing instruments,
tattoos, and other cosmetic procedures. New
sexual discharge and an additional fluid, such as
saliva (26-28). Additionally, HBV infection can
be transmitted from a mother with HBSAg at
birth or through postnatal blood exposure.
Research indicates that children of HBsAg
positive individuals face a heightened risk of
HBV infection through the exchange of items
containing infected bodily secretions, such as
chewing gum or toothbrushes (29-30). Several
factors contribute to the variation in HBV
infection outcomes, encompassing host, viral,
and  environmental  elements. Genetic
polymorphism and specific comorbidities, such
as diabetes are recognized as host factors
influencing on clinical outcomes of HBV
infection. The viral determinants encompass
HBV viral load. This study indicated no
variation in impact concerning specific
comorbidities and viral load between patients
and controls, which contradicts previous
research suggesting a positive association
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between specific comorbidities and viral load

with the outcomes of HBV infection (31). This
study examines the host genetic polymorphism
associated with HBV infection outcomes,
particularly detecting the SNPs in the promoter
area of PCD-1.1 (-538G/A) (rs36084323). A
multitude of studies has examined the identified
connection between PCD.1 gene polymorphisms
and diverse disorders (32-33). In this context,

Diyala Journal of Medicine

additional studies examined the connection
between PD-1.1 gene polymorphism and
colorectal cancer in lIranian patients, they

showed that A and G alleles are correlated with
raised risk of colon cancer (34). The prior report
detailed the risk of various PD-1 variants in
myocardial infarction (MI), no association was
identified between PCD-1.1 alleles or genotypes
and MI. They noted a limited protective effect of
the PD-1.3A allele regarding myocardial
infarction (35). A recent study assessed PCD-1
MRNA expression levels in Peripheral Blood
Mononuclear Cells (PMCs)and examined its
correlation with clinical characteristics of
hepatitis B infection and the genotypes kinds of
PCD-1 rs10204525, which includes three kinds
genotypes: AA, GA, and GG. The findings
indicated whom patients with chronic HBV
infection displayed a notable higher PCD-1
MRNA expression compared to the healthy
control group (36). Currently, there limited
number of published research demonstrating a
relationship between the PCD-1.1 (-538G/A)
gene polymorphism and vulnerability to HBV
infection. This research is confirmed and
indicated a significantly higher prevalence of the
GG genotype and G allele at position -538G/A
of PCD.1 in HBV patients compared to the
normal group. Conversely, the results indicated
a lower frequency of the AA genotype and A
allele in HBV patients compared to the normal
group. Our research and prior studies indicated a
strong correlation between elevated PD-1
expression and heightened HBV viral
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transcription levels (2,37). Furthermore,

efficient viral transcription of HBV contributes
to the advance of disease in patients,
characterized by elevated expression of PCD-1
on HBV-specific CD8+ T cells, CD4+ T cells,
and CD25+ regulatory T cells. This is attributed
to increased RNA polymerase activity at the
promoter area of the gene, resulting in impaired
T cell functionality and persistent HBV
infection (38). This polymorphism may serve as
a target for designing immunotherapy strategies
and assessment and selecting patients with
HBYV based on specific genetic immunological
profiles,  potentially  enhancing  future
immunotherapy approaches for hepatitis B virus
disease (39).

Conclusions

The mutant homozygous mutant genotype (GG)
and G allele may be regarded as an indicator of
risk for HBV infection. The detection of HBs
Ag and employed real time PCR is the best way
that assert the infection with virus. However,
their impact on viral load is negligible.
Expanding screening methods should be the
main focus of future work since it is crucial to
better therapy.

Recommendations

recommended for using another primer in
another region of gene for obtain the additional
risk factors for HBV infection and
recommended for diagnose another gene.
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Cancer  Patients  Undergoing
Concurrent Chemoradiation
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Abstract

Background: Curcumin oral gel is one example of a traditional herbal
medication, it has shown potential in several pharmaceutical uses. Oral
mucositis is commonly prevent and treat using magic solution, a mouthwash
that contains a combination of pharmaceuticals. Tumor necrosis factor- a and
Interleukin-6 are salivary cytokines stimulates the immune response and
promotes inflammation during infection or other tissue damage causes
inflammation.

Objective: To determine the effect of curcumin oral gel on salivary tumor
necrosis factor-o and interleukin-6 levels in head and neck cancer patients
under concurrent chemoradiation induced oral mucositis.

Patients and Methods: Two groups of forty-five patients each, with a total
of ninety head and neck cancer patients receiving concurrent
chemoradiation. Enzyme-linked immunosorbent assay measured salivary
tumor necrosis factor-alpha and interleukin-6 levels. Oral mucositis was
assessed by WHO scale.

Results: Patients who took oral curcumin gel had less severe oral
mucositis and lower salivary levels of tumor necrosis factor-alpha and
interleukin-6. WHO scale between the two groups showed significant
differences at 2 weeks (P = 0.041) and 6 weeks (P=0.02).

Conclusion: Study concludes that curcumin oral gel might reduced
salivary tumor necrosis factor-alpha and interleukin-6 levels and may
serve as an alternative treatment for oral mucositis resulting from
chemoradiation.

Keywords: Head and neck cancer, Concurrent chemoradiotherapy, Oral
mucositis, Curcumin, Tumor necrosis factor-alpha, Interleukin-6.

Curcumin goes under another name, The Zingiberaceae family includes turmeric. One to two
percent curcuminoids and three to twelve percent volatile oil are the two main components of the
root. A phenolic compound with possible health benefits, dimethylsulfoxide is also known as
curcumin. (1, 2). Numerous clinical investigations have shown the extensive variety of
pharmacologic capabilities exhibited by Curcumin oral gel. These features include the ability to
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enhance wound healing, anti-inflammatory,
antifungal, antibacterial, and anticarcinogenic
actions (3, 4).  Curcumin  improves
epithelialization and wound healing by
protecting and activating keratinocytes while
scavenging reactive oxygen species and serving
as an antioxidant (5, 6). Curcumin may
potentially increase the effectiveness of
morphine by decreasing pain transmission
channels and promoting the production of
serotonin, dopamine, and noradrenaline at large
dosage (7). Head and neck cancers(HNC)
involve a wide range of malignancies that may
develop in salivary glands, paranasal sinuses,
the larynx, pharynx, and oral cavity (8). When
head and neck cancer has spread locally, first
line of treatment choice is a chemotherapy
combined with radiotherapy (9). Cytotoxic
concurrent chemoradiotherapy causes oral
mucositis (OM), an inflammatory condition of
the mouth and throat that is a major problem in
oncology (10). Oral mucositis may progress to
deep, confluent ulcers if left untreated. The level
of functioning and the standard of living of a
patient are often compromised by pain caused
by mucositis (11, 12). In cells such as
macrophages, epithelial, endothelial, and
mesenchymal cells, the transcription nuclear
factor-«B(NF-kB) is made active by concurrent
chemotherapy and radiation (CCRT). The result
is an increase in genes that are upregulated and
the generation of cytokines that promote
inflammation, like tumour necrosis factor-a
(TNF-a) and interleukin-6 (IL-6). The
transcription of genes encoding cyclooxygenase
2 (COX2), mitogen-activated protein kinase
(MAPK) and  tyrosine-kinase  signaling
molecules is induced by cytokines that enhance
the main signal or activate nuclear factor-xB in
other cells. In the cell epithelium and lamina
propria, matrix metalloproteinase (MMP-1 and
MMP-3), is activated by both TNF-a and IL-6,
leading to tissue injury (13, 14).

Aim of this study: To determine the effect of
curcumin oral gel on salivary tumor necrosis
factor-a and interleukin-6 levels in head and
neck cancer patients under concurrent
chemoradiation induced oral mucositis.
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Patients and Methods

From March 2023 to June 2024, this study was
carried out. Protocol number: 934724 indicates
that the study was given the go light by the
Research Ethics Committee of the University of
Baghdad, College of Dentistry. There were 90
HNC patients that took part in the research.
There were two groups created: the experimental
group and the comparison group.

Subjects: For the trial, 45 patients were
given oral gel containing curcumin, whereas
45 patients were given magic-solution as a
control.

Inclusion criteria: included being between
the ages of 30 and 70, diagnosed with cancer
of the head and neck and being scheduled for
concurrent chemoradiotherapy. Patients were
also required to wear mask of head and neck
during radiation therapy, and their oral cavity
mucosa had to be within the radiation range.
Chemotherapy was cisplatin 40 mg/m2
administered weekly, and radiotherapy
consisted of 33 fractions scheduled 5 times a
week for 6 weeks with 50 and 70 Gray (Gy).

Exclusion criteria: were individuals receiving
only radiation and those having palliative
radiotherapy.

Assessment of oral mucositis Clinical: On the
2nd week of chemoradiation and the last day of
the chemoradiation treatments, patients were
examined and scored on a scale from 0 to 4
developed by the World Health Organization
WHO. With a score of 0, no symptoms are
present; with a score of 1, the oral mucosa is red
and uncomfortable; and a score of 2 indicates
that the mouth is ulcerous and makes it hard to
eat normally. At 3, the ulcer has already
developed, and the patient is limited to drinking
fluids; at 4, the patient is unable to eat or drink
anything (15).

Curcuma longa oral gel: The subjects in the
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curcumin group were given Curenext®, a
product made by (Abbott Healthcare, India)
which includes 10 milligrams of Curcuma longa
root extract (rhizome) per gram of gel. Patients
were told to use a cotton swab or finger to apply
the gel three times a day beginning with the
initial saliva sample collection until their
chemoradiotherapy treatment was finished. A
standard mouthwash consisting of nystatin,
dexamethasone, lidocaine, and tetracycline was
administered to patients in the magic-solution
group (16, 17).

Saliva sample collection and storage: Each of
the 90 patients had three complete saliva
samples taken: once before chemoradiation,
once after the second week of treatment, and
again at the six-week chemoradiation. Patients
spat into a plastic tube that was marked with
their name, group, and visit date in order to
collect their unstimulated saliva. The next step
was to place it in an icebox and freeze it stored
at a temperature of -80°C till the time of
analysis comes.

Laboratory analysis: Salivary TNF-a and IL6
levels were examined using the enzyme-linked
immunosorbent test (ELISA). (ELISA) is a type
of solid phase immunoassay in which antigens
or antibodies are covalently bound with suitable
enzymes that can catalyze the change of
substrates into dyed products. It is an approved
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technique to investigate different biological
markers Commercial quantitative sandwich
assay (ELISA) kits from Cloud-clone Corp
(CCC, USA) were used in compliance with the
manufacturer's recommendations (18). To find
the levels of TNF-a and IL6, saliva samples were
taken, using phosphate-buffered saline as a
negative control and a manufacturer-supplied
standard curve.

Statistical analysis

The data was handled in an Excel spreadsheet.
Analysis was carried out using SPSS version
22. Statistical tests were used: a paired t-test, an
independent t-test, a Bonferroni test, a
Wilcoxon Signed Ranks test, and chi-square
(x2) test. A P-value below 0.05 was defined
significant.

Results

When comparing the two groups according to
age and sex, no statistically significant
differences were found.

Salivary tumor necrosis factor-o (TNF- a):

The comparison between the two studied
groups with respect to TNF- a marker, along
different of an experimental periods, results
shows that mean values are decreases clearly
over the time periods, and at a lower levels with
respect to treated with curcumin group (Table 1
, Figure 1).

Table 1. Summary statistics of TNF- a (pg/ml) marker along different periods of the studied groups.

95% C. I.
Periods Groups No. | Mean | Std. D. | Std. E. for Mean Min. | Max.
L.b. U.b.

Initiation Curcumin 45 | 208.0 | 34.95 521 |197.51 | 218.52 | 113.29 | 282.61
period Magic Solution 45 | 266.4 | 7750 | 11.55 | 243.08 | 289.64 | 135.99 | 391.84
After Curcumin 45 | 1426 | 27.73 4,13 | 134.26 | 150.92 | 104 | 216.96

2 weeks Magic Solution 45 | 218.3 | 47.78 7.12 | 203.91 | 232.62 | 100.45 | 295.76
After Curcumin 45 | 88.95 9.44 1.41 86.12 | 91.79 | 7449 | 111.6

6 weeks Magic Solution 45 | 182.8 | 55.76 8.31 | 166.05 | 199.56 | 116.17 | 324.32
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Figure 1. Stem-leaf plot and Bar Chart for exploring behavior of TNF-a marker reading's distribution
along the study of the sequential periods in each group.

Means salivary TNF- o were highly
significantly (P = 0.000) decreased two and
six weeks after chemoradiotherapy compared
to that before chemoradiotherapy and six
weeks after chemoradiotherapy compared to
that at two weeks after chemoradiotherapy in
both study groups. The decrement in TNF- o
two and six weeks after chemoradiotherapy
was considerably significantly higher in the
curcumin group than that treated with magic
solution  compared to that before
chemoradiotherapy (P < 0.05) in Table 2.

Salivary interleukin 6 (IL-6): The
comparison between the two studied groups
concerning the "IL6" marker along different

experimental periods. The results show that mean
values decrease clearly over the periods and at
lower levels concerning the curcumin group (Table
3, Figure 2).

Table 4 shows the means salivary IL-6 were highly
significantly (P = 0.000) decreased two and six
weeks after chemoradiotherapy compared to that
before chemoradiotherapy and six weeks after
chemoradiotherapy compared to that at two weeks
after chemoradiotherapy in both study groups. The
decrement in IL-6 two and six weeks after
chemoradiotherapy group treated with curcumin
had a significantly higher than that treated with
magic solution compared to that before
chemoradiotherapy (P < 0.05).

Table 2. Significant levels for testing covariate of TNF- a (pg/ml) marker’s readings in each group independently over

the sequential periods.

Pairwise Comparisons . Sig. ) | 95% C. I. for Diff.
Groups Mean Diff. (1-J) Std. IkError
(D TNF-a | (J) TNF-a Level L.b. U.b.
Initiation After 2 w. -20.02 4.416 0.000 -28.92 -11.1
Curcumin After 6 w. 33.62 2.211 0.000 29.17 38.1
After 2 w. After 6 w. 53.64 4.129 0.000 45.32 62.0
I After 2 w. -147.78 11.471 0.000 | -170.90 -124.7
Magic Initiation
Solution After 6 w. -64.23 8.381 0.000 -81.12 -47.3
After 2 w. After 6 w. 83.55 10.036 0.000 63.33 103.8
(*) HS: Highly Sig. at P<0.01; S: Sig. at P<0.05; Testing is based on repeated measurers of several related groups,
through using adjustment for multiple comparisons by "Bonferroni" test.
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Figure 2. Bar Chart, and stem-leaf plot for explore behavior of IL-6 marker reading's distribution along
the studied of sequential periods in each group.

Table 3. Summary Statistics of I1L-6 (pg/ml) marker along different periods of the studied groups.

95% C. I.
Periods Groups No. | Mean | Std. D. | Std. E. for Mean Min. | Max.
Lb. | Ub.
Initiation Curcumin 45 | 92.88 | 1539 | 229 |88.26 | 97.51 | 62.27 | 113.75

period | Magic Solution | 45 | 96.69 | 19.60 | 2.92 | 90.80 | 102.58 | 55.71 | 129.76

After Curcumin 45 | 42.80 | 12.42 1.85 |39.07 | 46.53 | 28.30 | 69.65
2 weeks | Magic Solution | 45 | 65.17 | 11.89 1.77 16160 | 68.74 | 51.03 | 94.79
After Curcumin 45 | 2499 | 3.90 0.58 |23.82| 26.16 | 13.68 | 31.00

6 weeks | Magic Solution | 45 | 37.15 | 9.43 141 |34.31 ] 39.98 | 21.89 | 54.87

Table 4. Significant levels for testing covariate of IL-6 (pg/ml) marker readings in each group independently
over the sequential periods.

Groups Iz%'mlsée Com(g;;l :Eog | Mean Diff. (1-J3) | Std. Error | Sig. Level 95(|)_/°bc' . forUDl;ff.
_ Initiation After 2 w. 50.086 2.570 0.000 43.69 56.48
Curcumin After 6 w. 67.895 2.167 0.000 62.50 73.29
After 2w. | After 6 w. 17.809 1.741 0.000 13.48 22.14
Non Initiation After 2 w. 31.515 3.089 0.000 23.83 39.20
Curcumin After 6 w. 59.540 3.624 0.000 50.52 68.56
After 2w. | After 6 w. 28.025 2.261 0.000 22.40 33.65

() HS: Highly Sig. at P<0.01; Testing are based on repeated measurers of several related groups, through using

adjustment for multiple comparisons by "Bonferroni" test.

Clinical evaluation of oral mucositis group. Results in Table 6 demonstrate WHO score

world health organization scale: Table 5 readings that too highly significant differences are

and Figure 3 at both the two-week and six-  accounted at P<0.01 concerning all probable

curcumin group had a significantly lower either for curcumin or magic solution groups %
mean WHO score than the magic-solution independently.
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Table 5. Summary Statistics of Grade of Mucositis WHO score along different periods of the studied groups.

Groups Statistics — S
Initiation After 2 weeks After 6 weeks

Mean of Score 0.000 1.667 1.178
curcumin Inte_rqpartile Range 0.000 1.000 1.000
Minimum score 0.000 1.000 1.000
Maximum score 0.000 3.000 2.000
Mean of Score 0.000 1.689 1,378
Magic Interquartile Range 0.000 0.000 1.000
solution Minimum score 0.000 1.000 1.000
Maximum score 0.000 3.000 3.000

Table 6. Significant levels for testing of GOM score's readings in each group independently over the sequential

periods.
Pairwise Comparisons .
Groups Z-value Sig. Level
(1) GOM (J) GOM

e After 2 w. -5.964 0.000

. Initiation
Curcumin After 6 w. -6.283 0.000
After 2 w. After 6 w. -4.491 0.000
e s After 2 w. -5.970 0.000

. . Initiation
Magic Solution After 6 w. -6.081 0.000
After 2 w. After 6 w. -3.300 0.001

(*) HS: Highly Sig. at P<0.01; Testing are based on the "Wilcoxon Signed Ranks" test.

Grade of mucositis between study groups:
Table 7 shows the comparison in grade of
mucositis between study groups after
chemoradiotherapy. After two weeks, 66.7%
of patients in curcumin group were graded |
compared to 42.3% in magic solution group;

with statistical significance p-value = 0.041. After
six weeks, 82.2% of patients in the curcumin
group were graded | compared to 60% in the
magic solution the group, a statistically significant
difference (P=0.02) was seen.
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Figure 3. Bar Chart, and stem-leaf plot for exploring behavior of GOM Score reading's distribution along the

studied of sequential periods in each group.

Table 7. Comparison between study groups by grade of mucositis.

Grade of mucositis LA 0T
Curcumin (%) Magic Solution (%) X2 test P - Value
(WHO) ~ ~
n=45 n=45

Two weeks after chemoradiotherapy
1 30 (66.7) 19 (42.3)
2 11 (24.4) 15 (33.3) 6.351 0.041
3 4 (8.9) 11 (24.4)

Six weeks after chemoradiotherapy
1 37 (82.2) 27 (60.0)
2 8 (17.8) 13 (28.9) 7.75 0.02
3 0(0) 5(11.1)

WHO: World Health Organization. X?: chi-square test.
Discussion The activation of second messengers by these free

Since it is simpler to apply, absorbs quickly,
topical curcumin treatment, in the form of an
oral gel, offers several benefits over systemic
curcumin  because it interacts  with
surrounding tissues, prolonging the contact
period that increases its benefits, and because
it has fewer evident bad effects. For
individuals suffering from dysphagia or
gastrointestinal issues, oral gel formulations
may be helpful in reducing side effects (15-
17,19).  Concurrent  chemoradiotherapy
causes basal epithelial cell death, which may
occur as a result of free radical production.

radicals transmits signals from surface receptors on
cells to their inner surroundings, leading to an
increase in inflammatory cytokines, harm to tissues,
and cell death. Macrophages secrete cytokines that
promote inflammation, including TNF-o and I1L-6,
intensify ~ mucosal damage;  moreover, a
superimposed infection of the ulcerated mucosa
might trigger the generation of these pro-
inflammatory cytokines (20-22).

TNF-a is a cytokine that promotes inflammation
released by macrophages, endothelial cells, and
fibroblasts. It is plays an important in the formation
and development of OM in in patients with head
and neck cancer receiving CCRT. Typically, it goes
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undetected in healthy people. However, in
cases of inflammation or infection, it is found
to be highly concentrated in both serum and
tissues. The severity of an infection is
correlated with the salivary and serum levels.
A wide range of cells have the ability to
Create TNF-a, such as
monocyte/macrophage, neutrophils, natural
killer cells (NK),T and B lymphocytes,
smooth and cardiac muscle cells , osteoclasts,
endothelial cells, fibroblasts (23, 24). Patients
with oral cancer had significantly higher

Diyala Journal of Medicine

levels of salivary TNF-a, according to
Deepthi's research (25). IL-6 is a cytokine
that promotes inflammation and an anti-
inflammatory myokine secreted by T cells
and macrophages when an infection or other
kind of tissue injury causes inflammation
(26). After chemotherapy drugs have been
administered, many investigations showed
that nuclear factor NF-xB and pro-
inflammatory cytokines (TNF-a, interleukin
IL-6 and IL-1p) are altered in both blood and
tissue expression (27, 28). Study by
Alburgaiba et al. showed patients with HNC
had a significant increase in salivary TNF-a
and IL-6 levels, after completing radiation
(29). This study demonstrates that the
salivary TNF-a and IL-6 levels are much
lower after chemoradiotherapy compared to
before, and that the severity of OM s
reduced when curcumin oral gel is used,
which is in accordance with Sufiawati et al.
study indicated that cancer patients receiving
chemotherapy induced oral mucositis may
benefit from using a magic mouthwash
containing curcuma xanthorrhiza, as it
dramatically reduced salivary TNF-a levels
(30). Curcumin may be able to suppress NF-
kB, according to Aggarwal et al. reported that
curcumin inhibits the expression of several
genes controlled by nuclear factor (NF-«xB)

(31). These include nitric oxide synthase
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(NOS), chemokines, cell surface adhesion
molecules, TNF, IL-6, matrix metalloproteinase-9,
and cyclooxygenase-2. The anti-inflammatory
actions of curcumin are explained by lowering the
expression of these genes, which are essential
regulators of inflammation (32, 33). Also, in this
study the majority of participants using curcumin
experienced only mild mucositis gradel at the end
of the chemoradiotherapy sessions; a few had
grades 2 but none had severe mucositis (grades 3
and 4) whereas patients in magic solution group
experienced grade 2 and grade 3 mucositis. These
findings are in agreement with those of Alsalim et
al.,2024 reported that after the completion of
radiation treatments, most patients treated with
curcumin had no mucositis (grade 0), mild
mucositis (grades 1 and 2) occurred in a few of
individuals in this group, but severe mucositis
(grades 3 and 4) did not (34). And results are
consistent with those of the Shah study shown that
grade 3 mucositis did not occur in the curcumin
group, unlike the control group (1). In addition,
Patil's  research  demonstrated  significantly
difference between two groups in WHO grades
(33). When it comes to reducing the severity of
chemoradiotherapy-induced oral mucositis in HNC
patients, curcuma long a gel outperformed both
chlorhexidine gel (17) and placebo gel (16). Also,
results are coincided with the study done by Arun et
al.,, 2020 that the majority of patients in the
curcumin group experienced only grade 1 mucositis
after four weeks of treatment (35).

Conclusions

Using topical curcumin oral gel compared to magic
solution significantly reduced levels of TNF-a and
IL-6 in saliva from patients with HNC undergoing
concurrent chemoradiotherapy, suggesting that it
effectively prevents and manages oral mucositis
caused by concurrent chemoradiation, and could be
used as an alternative treatment for this condition.

Recommendations
It was recommended that head and neck cancer
patients use curcumin oral gel as a preventive agent
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for chemoradiation-induced oral mucositis
before concurrent chemoradiotherapy. In
addition, a multicenter study is essential to
achieve a sufficient sample size and increase
the likelihood of obtaining reliable evidence
for evaluating biomarkers that assist in
treating mucositis. Furthermore, it was
recommended that each oncology center
should establish a dental unit staffed by
highly trained dentists to provide adequate
care for patients with oral mucositis and other
dental-related  disorders during  cancer
therapy.
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Abstract

Background: The increasing frequency of temporomandibular joint
dysfunction requires the promotion of diagnostic and therapeutic approaches.
The several etiologies of dysfunction are still poorly understood. Numerous
studies have talked articular eminence shape as a probable causative factor
for this dysfunction.

Aims of the study: The aim of this study was to measure of articular
eminence inclination, depth of glenoid fossa and width by cone beam
computed tomography in patients with temporomandibular joint disorder
conferring gender and side and compared with healthy control.

Patients and Methods: Study samples embraced of fifty-five individuals
(110 joints), were twenty patients with intra articular disorders of
temporomandibular joint, fifteen patients with degenerative disorders of
temporomandibular joint and twenty control group with age range from (20-
55) years old.

Results: The results display females appear to stay more affected by
disorders of temporomandibular joint. The articular eminence inclination
showed higher mean value in the right side than left side and in males than
females. Also, glenoid fossa depth and width was higher mean value in the
right side than left side and in males than females. The results recorded mean
value of articular eminence inclination in control group higher than patients
with temporomandibular joint disorders, while mean value of glenoid fossa
depth and width in control group less than patients with temporomandibular
joint disorders.

Conclusion: Females look to be more affected by temporomandibular joint
disorders. The glenoid fossa width and depth were also less in the control
individuals.

Keywords: Articular eminence, Glenoid fossa, Depth, Cone beam
computed tomography.

The complex articular system identified as temporomandibular joint (TMJ) is positioned between
jaw and temporal bone. Bony components of the TMJ, amongst other effects, have an important
impact on how much the mandible moves (1). The mandibular condyle, articular eminence, which is
a constituent of the temporal bone, and the glenoid fossa make up the bony portions of the joint. (2).
The mandibular ramus connects to the condylar process, an ellipsoid hard tissue (bony structure)
with a thin neckline. One significant anatomical feature of the mandible is the condylar processes,
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which are accountable for the sagittal and
vertical development of the mandibular bone
(3). The condyle is essential to move anteriorly
and inferiorly more when articular eminence is
steeper. As a consequence, as the jaw opens, the
condyle, mandible, and mandibular arch move
more vertically (4). The zone of temporal fossa
across which condyle-disk complex moves while
acting different mandibular movements is known
as the articular eminence. It is frequently
disorganized with the articular tubercle, a totally
dissimilar feature (4). Articular section of the
squamous segment of temporal bone is entitled
articular fossa. Consuming the articular
eminence vertex as an indication point, the
articular fossa shows a medium depth for female
patients (4.34 mm) and for male patients (4.73
mm) (5). Condyle and articular disc compound
slide below the articular eminence (AE) during
the opening and closing of the mouth. That
movement is finished possible by the
morphology of the AE; it varies from individual
to individual and may alter according on factors
such as sex, age and masticatory function (6).
The formation of inside problems and bone
changes conferring to the useful load in this
zone, beside individual factors like age and
gender, have been clarified by the morphology
of TMJ bone components (7-9). The normal
variety for this inclination's degree measurement
is amongst 30 and 60 degrees (10). AEs are
considered as flat beneath 30 degrees and steep
beyond 60 degrees, (11) and internal articulation
abnormalities seem to be linked with both
classes. Degenerative bone illnesses in both the
AE and the condyle may consequence from
these conditions (10). There is controversy
concerning the linking between
temporomandibular joint disorder (TMD) and
TMJ morphology. While some research has
revealed evidence directing to higher articular
eminence as a probable risk factor for TMD,
other studies have not been able to document

Diyala Journal of Medicine

ORIGINAL RESEARCH
Published: 25 April 2025
DOI: 10.26505/djm.v28i1.1160

this issue. Furthermore, numerous research
displays that healthy control group had a higher
slope than TMD patients (12). Cone-beam
computed tomography (CBCT) is beneficial for
oral and maxillofacial demands because of its
fast image time and high-resolution images.
CBCT is effective for a variety of conditions,
including TMJ disorders (13,14). There are no
sufficient studies display the association among
the width and depth of glenoid fossa and
incidence of TMD. This study was designed to
determine the association between the
inclination of articular eminence, width of
glenoid fossa and depth in TMD patients and
controls without symptom via CBCT in Diyala
population.

Patients and Methods

The study samples composed of fifty-five
individuals (110 joints), twenty patients with
intra articular disorders of TMJ (8 male and 12
females), fifteen patients with degenerative
disorders of TMJ (4 male and 11 females) and
twenty control group (8 male and 12 females)
with age range from (20-55) vyears old.
Conferring to the Diagnostic Criteria for
Temporomandibular Disorders (15)
temporomandibular  joint  disorders  were
clinically diagnosed and their control group
who came the dental center for scanning of
cone beam computed tomography for many
investigative purposes did not consume TMD
based on a clinical investigation. All patients
and control involved in this study with normal
occlusion, non-edentulous patients, no history
of trauma, no facial asymmetry, no fracture and
no cystic lesion of TMJ. The depth of glenoid
fossa and width were measured based on
methods defined by Paknahad et al. (12) via
calculating the perpendicular distance among
uppermost point of glenoid fossa and line
extend from posterior glenoid process to the
utmost lower point on the AE, the depth of
glenoid fossa was measured. Distance between
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posterior glenoid process and utmost inferior  Taple 1. Distribution of sample study according
point on the AE was used to fix glenoid fossa  difference gender in difference groups.

width (Figure 1). The inclination of the AE was Factors N'\é'?g/i) ',:\Ieom(% P_value
measured based on the methods labeled by

Control (No. 8 12 0.371 NS
Abdul-Nabi and Al-Nakib (1) the inclination of =20) (40.00%) | (60.00%) |
eminence was measured in two pathways. '“gig:gg;’;” 8 12 0371 NS
Firstly, Best-fit line method: - In the sagittal | Groups | o —pq) | (40.00%) | (60.00%) | ~
section, the posterior surface of the eminence Degenerative 4 1
was drowned. The horizontal Frankfort plane (d,\'lzorgigs) (26.67%) | (73.33%) | 00488
was also, drew. The angle designed between P-value 0.445NS | 0.969 NS
these two planes in the sagittal section, was * (P<0.05), NS: Non-Significant.

measured and referred to as eminence
inclination. This procedure was applied to the
sides (left and right) Figure 2. Secondly, Top-
roof line method: - Angle between the horizontal
plane (Frankfort) in sagittal section and plane
that passes through the points (the uppermost
point of fossa and lowermost point of articular
eminence) is recognized as articular eminence
inclination. For both sides (left and right) Figure
3.

Statistical analysis

In the existing study articular eminence
inclination by two methods, have higher mean
value in the right side than left side and in
males than females. Also, glenoid fossa depth
and width have higher mean value in the right
side than left side and in males than females as
shown in Table 2.

In this investigation, the t-test was applied to
comparison means statistically via program of
Statistical Analysis System (SAS) (2018), the
effect of the control and patient groups'

differences in the study parameters were
determined.

Results

Distribution of sample study according to
gender and location: The results showed
females look to be more affected by TMD, out
of 55 cases 12 (60.00%) intra articular disorders
and 11 (73.33%) degenerative disorders as
shown in Table 1.
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Table 2. Comparison between control, intra articular and degenerative disorders groups according to gender and side.

Top roof Best fit Glenoid fossa height | Glenoid fossa
Group width
Right°® Left® Right°® Left® Right Left Right Left
Male 39.21 38.86 57.68 53.95 10.70 9.43 20.42 | 20.28
+2.05a +2.18a +2.72 a +3.29a +0.56 a +0.72b | £1.04 | #1.27
Control Female 37.66 36.15 55.26 50.75 8.45 8.38 18.22 | 18.11
+1.87ab | +2.06ab +2.44 ab +2.68 b +0.62 b +0.60b | #0.79 | #0.87
Intra articular Male 35.73 35.31 53.48 51.67 10.91 10.73 20.68 19.68
disorders +1.39b +1.81b +3.07bc | £1.98ab | +0.73a +0.75a +1.15 | #1.28
Female 35.39 33.88 50.18 49.92 10.44 10.14 19.03 | 18.70
+1.62b +1.59 be +2.84 cd +2.07b | +0.64ab | £0.81ab | +0.94 | +1.07
Degenerative Male 35.57 36.15 54.35 52.20 10.32 10.3 19.67 19.12
disorders +1.27b +2.02 ab +2.27 ab +2.61lab | +0.71ab | +0.76ab | +1.15 | +2.37
Female | 32.1+1.08 31.60 47.18 45.32 9.70 9.04 18.94 | 18.76
c +1.26¢ +Q2.37d +2.35c | #0.62ab | +0.71ab | +0.92 | #1.28
Total 35.84 35.02 52.56 50.19 9.95 9.53 19.32 | 18.99
Mean +1.75b +1.53b +3.01 bc +2.09b | +0.70ab | +0.80ab | #0.87 | +1.53
LSD 3.062 ** | 2977 ** 3.473 ** 2.637 * 2.216 * 1.955* 2.704 | 2.544
NS NS
P-value 0.0057 0.0039 0.00314 0.0192 0.0369 0.0377 0.268 | 0.251
Means having with the different letters in same column differed significantly
* (P<0.05), ** (P<0.01), NS: Non-Significant.

Articular eminence inclination and glenoid
fossa (height and width) in different groups:
The results showed inclination of articular
eminence by two methods (top roof and best fit)
in both sides (right and left), control group have
documented mean value (right 38.28 °, left
37.24 °) (right 56.23 °, left 52.03 °), higher than
patients with intra articular disorders (right
35.53°, left 34.45°) (right 51.50°, left 50.62°), as
shown in Table 3.

The results showed articular eminence
inclination by two methods (top roof and best
fit) in both sides (right and left), control group
have documented mean value (right 38.28 °, left
37.24 °) (right 56.23 °, left 52.03 °), higher than
patients with degenerative disorders (right
33.02°, left 32.81°) (right 49.09°, left 47.16°), as
shown in table 3. The results showed articular
eminence inclination by two methods (top roof
and best fit) in both sides (right and left), intra
articular disorders have documented higher
mean value (right 35.53 °, left 34.45 °) (right

51.50 °, left 50.62 °), then patients with
degenerative disorders (right 33.02°, left 32.81°)
(right 49.09°, left 47.16°), as shown in Table 3.

Glenoid fossa height and width in both sides
(right and left), mean value of control group
(right 9.35 mm, left 8.81mm) (right 19.10 mm,
left 18.98 mm) have recorded less than patients
with intra articular disorders (right 10.63 mm,
left 10.38mm) (right 19.69 mm, left 19.10 mm),
as shown in table 3. Regarding to glenoid fossa
height in both sides (right and left), control group
have verified less mean value (right 9.35mm, left
8.81mm), than patients with degenerative
disorders (right 9.87mm, left 9.38mm), as shown
in table 3. Regarding to glenoid fossa height and
width in both sides (right and left), intra articular
disorders has documented higher mean value
(right 10.63 mm, left 10.38 mm) (right 19.69
mm, left 19.10 mm), than patients with
degenerative disorders (right 19.69 mm, left
19.10 mm) (right 19.14 mm, left 18.86 mm), as
shown in Table 3.
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Table 3. Comparison between difference groups in articular eminence inclination, glenoid fossa height and

width.

Top roof Best fit Glenoid height Glenoid width

Group Right Left Right Left Right Left Right Left
Control 38.28 37.24 56.23 52.03 9.35 8.81 19.10 18.98
+0.92a +0.64 a +0.61a | #1.36a | +0.34b | +0.39b | +0.43 +0.53
Intra articular 35.53 34.45 51.50 50.62 10.63 10.38 19.69 19.10
disorders +0.77b +0.89 b +1.56 b +152 | +0.19a | +0.16a | +0.46 +0.31

ab
Degenerative 33.02 32.81 49.09 47.16 9.87 9.38 19.14 18.86
disorders +091b +1.38Db +1.34b | £1.46b | *0.28 | £0.26b | +0.44 +0.60
ab

LSD 2507 ** | 2717 ** | 3.532** | 4193* | 0.804 0.849 1.289 1.377

** ** NS NS
P-value 0.0006 0.0074 0.0007 0.050 | 0.0059 | 0.0010 | 0.570 0.943

Means having with the different letters in same column differed significantly.
* (P<0.05), ** (P<0.01), NS: Non-Significant.

The results showed inclination of articular
eminence by two methods (top roof and best fit)
in both sides, control group have documented
higher than in patients with intra articular
disorders with a statistically significant
relationship as shown in Table 4. The results
showed articular eminence inclination by two
methods (top roof and best fit) in both sides,
control group have documented higher than
patients with degenerative disorders, with a
statistically highly significant relationship as

shown in Table 4. Glenoid fossa height in both
sides, control has recorded less than patients with
intra articular disorders with a statistically highly
significant relationship as shown in Table 4.
The CBCT picture shows the measurements
depth and width of glenoid fossa in the sagittal
section as in Figure 1. The CBCT picture shows
the measurements of articular eminence
inclination (Best-fit line method) and (Top-roof
line method) in the sagittal section as in Figure 2,
and Figure 3.

Table 4. Comparison between control, intra articular and degenerative disorders groups in parameters study.

Groups T-test (right) | P-value (right) | T-test (left) | P-value (left)
Intra articular 245%* 0.0283 221 % 0.0152
Control Degenerative 2.71 ** 0.0004 2.86 ** 0.0034
Top roof
Intra articular Degenerative 2430 * 0.0439 3.205 NS 0.305
Intra articular 3.40 ** 0.0076 4.14 NS 0.495
Best fit Control Degenerative 2.76 ** 0.0001 4.120 * 0.0218
Intra articular Degenerative 4.371 NS 0.269 4.417 NS 0.120
Intra articular 0.797 ** 0.0025 0.861 ** 0.0007
Glenoid Control Degenerative 0.942 NS 0.277 1.036 NS 0.267
fossa height
Intra articular Degenerative 0.670 * 0.027 0.608 ** 0.0021
Glenoid Intra articular 1.278 NS 0.356 1.247 NS 0.853
fossa width Control Degenerative 1.283 NS 0.956 1.643 NS 0.878
Intra articular Degenerative 1.338 NS 0.405 1.279 NS 0.705
* (P<0.05), ** (P<0.01), NS: Non-Significant.
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Figure 1. CBCT showed
width of glenoid fossa.

the measurements depth and

Figure 2. CBCT showed the measurements of articular
eminence inclination (Best-fit line method).

Figure 3. CBCT showed the measurements of articular
eminence inclination (Top-roof line method).

Discussion

Several researches have looked into the linking
between the morphometric and morphological
variances of TMJ and pathological changes
constructed on age and gender (6,16).

Disorders of TMJ look to be more affected by
females in the current study as numerous authors
have designated a female preference of
symptoms and signs connected with TMDs, this
may be produced by androgenic hormones (17).
In the current study glenoid fossa depth have
higher mean value in intra articular disorders
group followed by degenerative disorders and
then control group and the right side more than
left side, this agrees with other investigations

(18) they detailed that associated to the left fossa,
the right fossa was deeper. Similarly, to
investigate of Paknahad et al., (12) current
research found that fossa depth in TMD group
was higher than in control group. Also, similar to
research of Paknahad et al., (12) the existing
study found that fossa depth in females was
lesser than those of males. These findings
support sexual dimorphism, which may be
associated to gender-specific differences in the
quantity of masticatory force acting on the joint.
Paknahad et al., (12) also, signifying larger width
of fossa in the TMD group related to control
group, which is constant with the existing results.
Opposing to current results, Alkhader et al., (19)
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projected that TMJs with osseous anomalies had
lesser fossa widths than TMJs without such
abnormalities. These controversies may result
from variations in imaging modalities,
measurement methods, sample sizes, age
distributions, and other population differences.
In the existing study the articular eminence
inclination was found to be higher in the control
group than in  patient group. This
correspondence with the study finished by
Caglayan et al., and Stimbiillii et al., (8,20) They
display that control group had a steeper
eminence inclination. This might be explained
by fact that mandibular movement is affected by
AE characteristics, such as shape, and that
mandibular movement is additional conditioned
by dental absence, (11,21) age, (11,22) skeletal
malocclusion, (9) gender, and masticatory
loading. (23) The mandibular condyle's shape
and degenerative bone disorders may possibly
have an influence on AEI (24). The existing
study disagrees with several other investigations
(25,26). They display that the eminence slope in
the TMD group was steeper than in the
symptom-free group.

Diyala Journal of Medicine

Conclusions

Females look to be more affected by
temporomandibular joint disorders, and articular
eminence inclination in the control group is
higher than patients with temporomandibular
joint disorders. The glenoid fossa width and
depth were also less in the control individuals.

Recommendations

More patients with temporomandibular joint
disorders are involved in a recent study. Study
other measurements of the TMJ and determine
their relationship to joint diseases.
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Abstract

Background: Ultrasound elastography (USE) is a non-invasive technique
for distinguishing benign from malignant thyroid nodules. It uses strain ratio
to determine thyroid nodular stiffness, however it has limitations when no
normal thyroid tissue is present.

Objective: To assess the diagnostic performance of USE in the prediction of
malignant thyroid nodules by assessing the strain ratio comparing the normal
thyroid tissues as a reference and sternocleidomastoid muscle as a second
reference.

Patients and Methods: The study was conducted on 33 patients with single
TIRADS 11 or IV nodules at Al-Imamein Al-Kadhimein Medical City in
Baghdad-Iraq for 5 months (August 25th, 2020 to January 15th, 2021), using
both gray scale and real-time USE on a Voluson- E6 Ultrasound machine.
Final diagnosis has been obtained by cytology and/or histopathology.
Results: The study involved a total of 33 patients, with 78.8% female and
21.2% male. Of these, 72.7% were benign, and 27.3% were malignant. The
thyroid nodules were hypoechoic, taller, and micro calcified. The
parenchymal-nodular SR of all thyroid nodules ranged from 0.55-6.0, while
the muscle-nodular SR ranged from 0.42-5.25. The best (strain ratio) SR
cutoff value was (>3.63) for parenchymal-nodular SR, with sensitivity,
specificity, and accuracy rates were 100%, 85%, and 89.2%, respectively.
Conclusion: The study found that sternocleidomastoid muscle has high
sensitivity, specificity, and accuracy in predicting thyroid malignancy and
differentiating benign from malignant nodules so making it safe for use in
certain cases.

Keywords: Elastography, Thyroid nodules, Strain ratio, Muscle.

Thyroid nodules are a prevalent concern in the general population, with an incidence of 5% in
women and 1% in men in iodine-sufficient areas, and 19-68% detected using high-resolution
ultrasound (1,2) Most thyroid nodules remain benign, with only 5% existence malignant (3).
Diagnosing benign or malignant thyroid nodules is crucial for treatment. Fine needle aspiration
biopsy (FNAB) is recommended for the diagnosis but has limitations (4). Ultrasound perceives
thyroid nodules, their location, size, composition, and histopathology (5). It's crucial for identifying
cancerous nodules due to their high prevalence (6). For solid thyroid nodules, parameters like
echotexture, shape, borders, intramodular calcifications, and peri nodular halo should be evaluated
(7). The American Thyroid Association [ACR] has developed the Thyroid Imaging Reporting and
Data System [ACR-TIRADS], a sonographic technique for evaluating nodular features (8).
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The American Thyroid Association (ACR)
strategies (9) declared that apart from worrisome
cervical lymphadenopathy, no single
sonographic characteristic or combination is
sensitive enough to identify all malignant
nodules.  Elastography is an emerging
sonographic technology that needs additional
confirmation (10). Ultrasound elastography
(USE) is an imaging method that detects tissue
stiffness. It was first described in the 1990s and
has since been further developed and enhanced
to allow quantitative measurements of tissue
stiffness (11). The elasticity of the thyroid
gland depends on the structural features of the
tissue matrix. Unlike conventional ultrasound
(US) which determines reflectivity based on
microscopic structure, elastography affords
image contrast depending on histologic tissue
structure, allowing discrimination between
normal and parenchymal disorders (10). The
normal thyroid has a soft advent, with variability
in elastography appearance due to parenchymal
hyperplasia and involution (12). Combining
thyroid USE with B-mode US can enhance the
capability to differentiate benign from malignant
thyroid nodules and diminish the number of
desired FNAs (13). Elastography methods can
distinguish precious from normal tissue for
investigative applications. Conservative
ultrasound is a low-priced, adaptable, and
commonly available modality, which also
applies to USE (14). Elastography evaluates
tissue elasticity, or the ability of tissue to resist
deformation or regain its original shape after
force is applied (11,15). Techniques include
free-hand quasi-static or strain elastography
[SE], which measures shape-deformation using
a probe compression (10), and shear-wave
elastography (SWE), a new technique that uses
acoustic pressure from the probe to provide real-
time elastic information (16). SE measures the
shape-deformation and  lesion  stiffness
compared to surrounding tissue, while SWE
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detects the transverse component of particle
displacement caused by an acoustic pulse from
the probe (10). Strain elastography is a method
used to measure the stiffness of thyroid nodules
by analyzing changes in size and shape
corresponding to the route of the investigative
force (17),(18). The strain data are presented as
a semitransparent color map termed an
electrogram, which is placed on the B-mode
picture (19). The strain ratio is a pseudo-
quantitative measurement that indicates the
ratio of strain recorded in a neighboring
reference tissue region of interest and strain
measured in a target lesion ROI (20). Thyroid
ultrasound strain imaging investigations can be
classified based on the stimuli used and the
grading systems employed. The most common
stimulus utilized in thyroid ultrasound strain
imaging iS  operator-applied external
compression through the ultrasound transducer
(14). Thyroid ultrasound strain imaging scoring
systems include two qualitative elasticity scores
(Asteria criterion, a 4-point score (21) or Rago
criteria, a 5-point score) (22) and a semi-
quantitative thyroid stiffness index, which
measures the strain in the background normal
thyroid tissue versus the strain in the thyroid
nodule (23). The Asteria criteria are based on
four classes of tissue stiffness, whereas the
Rago criteria range from score 1 (even elasticity
throughout the nodule) to score 5 (no elasticity
in the nodule or the area of posterior
shadowing) (22). The real-time elastography
(RTE) appearance of thyroid nodules is
assessed subjectively using the elasticity score
(ES) (23) and strain ratio (SR). The latter
involves placing two similar ROIs at similar
depths, resulting in a strain ratio that may be
more accurate than elasticity imaging (24-26).
Combining these measurements is assumed to
be superior for malignancy assessment, as they
provide independent measures (11).tissue as the
first reference and
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SCM muscle as the second reference. The
current study’s purpose was to assess the
diagnostic performance of USE in the prediction
of malignant thyroid nodules by assessing the
strain ratio compared to sternocleidomastoid
muscle and normal thyroid tissue as references.

Patients and Methods

This prospective study was conducted at the US
unit of the Radiological Department at Al
Imamein Al Kadhimein Medical City in
Baghdad from August 25th, 2020, to January
15th, 2021. The study included 33 patients aged
18 years or older, with solitary thyroid nodules,
including TIRADS 11l nodules of more than 25
mm and TIRADS IV nodules of more than 15
mm. The patients were examined using B-mode

Diyala Journal of Medicine

ultrasound and  sonoelastography  before
undergoing fine-needle aspiration (FNA).
Exclusion criteria included patients with

inconclusive histopathology, TIRADS | and I,
multiple thyroid nodules, abnormal thyroid
parenchyma, neck surgery affecting the
sternocleidomastoid muscle (SCM) or partial
thyroidectomy, abnormal thyroid function tests,
and thyroid nodules with eggshell calcification.

Imaging Methods:

Gray-scale US: The thyroid ultrasonic
examination was carried out utilizing the
Voluson-E6  Ultrasound  machine  (GE
Healthcare, USA) with a 5 to 12 MHz linear
array transducer. Thyroid nodule criteria were
obtained with the patient resting supine with an
exposed neck and a minor neck extension. The
thyroid gland is scanned at axial, sagittal, and
oblique planes. The size, margin, composition,
echogenicity, orientation, and presence of
calcification were all measured and documented.
Real-time Elastographic US: Elastographic US
of the nodules were carried out immediately
after the B-mode US. The operator placed the
linear probe perpendicular to the skin on the
neck. A box was then highlighted that included
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the selected thyroid nodule and an adequate
surrounding normal thyroid tissue at the same
depth as possible. This was followed by the
inclusion of the same thyroid nodule and the
other reference tissue (SCM muscle). To reduce
motion artifacts, patients were instructed to
hold their breath and refrain from swallowing
during the examination. The probe exerted
slight external compression until an ideal
pressure was achieved, as indicated by the
presence of a green color on the indicator bar in
the upper left corner of the screen. The
elastogram was displayed as a color scale over
the grayscale image of the US. The color scale
varied from red, which indicated components

with the greatest elastic strain (softest
components), to blue, which indicated
components without strain (hardest

components). Two SR were measured for each
nodule by placing a selected ROI within the
reference tissue and another ROI on the thyroid
nodule as follows:

1. The parenchymal-nodular strain ratio
(PNSR) measures the strain between the thyroid
nodule and the surrounding normal thyroid
tissue.

2. Muscle-nodular strain ratio (MNSR): the
strain of the thyroid nodule with the second
reference tissue the SCM muscle.

The average value for each selected nodule was
calculated (at least three measurements were
recorded), and the average was used to calculate
the result.

Statistical analysis

The data were statistically analyzed using the
Statistical Package for Social Sciences (SPSS)
version 22 for Windows. Descriptive data are
reported as mean + SD and frequencies as
percentages. Chi-square and Fisher’s exact tests
were used for categorical variables when
appropriate. The t-test was used for continuous
variables. Sensitivity, specificity, accuracy, and
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the cut-off value of each SR was calculated. In
all statistical analyses, a P-value of < 0.05 was
considered statistically significant.
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Results

The histopathological distribution of the
benign and malignant thyroid nodules
according to age and gender: The results of
this  study showed that the final
histopathological diagnosis of thyroid nodules
was 24 (72.7%) benign and 9 (27.3%)
malignant. The patient’s age was ranging from
(18 — 68) years, with mean +SD =43.4+10.7
years. In benign nodules, patients' ages ranged
from 18 to 68 vyears., with mean =+
SD=41.29+12.89 years, whereas in malignant
cases, the age ranged from 32 to 60 years, mean
+ SD= 44+8.32 years, with non-statistically
significant result; P-value 0.88. The majority of
patients with thyroid nodules were females 26
[78.8%], and most of the females had benign
thyroid nodules 21 [87.5%]. However, the result
was not significant. This is demonstrated in
Table 1.

Table 1. Demographical characteristics of the
studied sample distributed by the type of the
thyroid nodules.

Parameters Be_nlgn 'V'a"E’”a”‘ P-value
n=24 n=9

Gender,

n (%)

Female 3(12.5) 4(44.4) 0.68
Male 21(87.5) 5(55.6) '
Age

Mean = SD | 41.2+12.8 4418.32
Min 18 32 0.8
Max 68 60
*The result was non-significant at P- value <0.05

The sonographic characteristic of the
thyroid nodules.

Echogenicity: The majority of the thyroid
nodules were isoechoic 21(63.6%), 10 (30.3%)
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were hypoechoic, and 2 (6.1%) were
hyperechoic. Most of the benign thyroid
nodules were isoechoic 18 (75%), and 4
(16.7%) of them were hypoechoic. While the
malignant thyroid nodules, 6 (66.7%) of them
were hypoechoic and 3 (33.3%) of them were
isoechoic. The result was statistically
significant P-value 0.019, as demonstrated in
Table 2.
Composition: Most of the thyroid nodules were
solid 26 (78.8%), most of the benign thyroid
nodules were solid 19 (79.2%), and 5 [20.8%]
of them were mixed. Most of the malignant
thyroid nodules were solid 7 (77.8%), and only
2 (22.2%) of them were mixed. However, the
result was not significant. This is demonstrated
in Table 2.
Margin: Most of the thyroid nodules had well-
defined margins 29 (87.9%). 23 (95.8%) of the
benign thyroid nodule had well-defined margin.
6 (66.7%) of the malignant thyroid nodules had
well defined margin. One third of the malignant
thyroid nodules had ill- defined margin with
significant result P- value = 0.047. These
findings were demonstrated in Table 2.
Orientation: Most thyroid nodules were wider
than taller 31 (93.9%). All the benign nodules
were wider than taller 24 (100%). According to
the study, most malignant nodules were wider
than taller, and on the other hand, all nodules
that were taller than wide (22.2%) had
significant outcomes and were malignant. These
findings were demonstrated in Table 2.
Calcification: 11 (45.8%) of the benign
nodules showed no calcification, and 10
(41.7%) had macrocalcification. In the present
study, most of the malignant nodules (8 from 9

cases =889 %) had calcification.
Microcalcification ~was most  frequently
encountered which is present in 5 cases

(55.6%), while macro calcification is present in
(3 from 9 cases=33.35). These findings were
demonstrated in Table 2.
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The TIRADS of selected thyroid nodules in  All malignant nodules were of TIRADS IV
relation to histopathological results: 12 of the  with significant result, P-value < 0.05. These
benign thyroid nodules were TIRADS Ill, and  findings were demonstrated in Table 2.

12 cases were of TIRADS IV.

Table 2. the association of the sonographic characteristic of the thyroid nodules with
histopathological type of the nodules.

Benign Malignant P-value
Parameters No. % No. %
Echogenicity
Hyperechoic 2 8.34 0 0
Isoechoic 18 75 3 33.3 0.019*
Hypoechoic 4 16.7 6 66.7
Composition
Solid 19 7.2 7 77.8 0.63
mixed 5 20.8 2 22.2
Margin
Well-defined margin 23 95.8 6 66.7 0.047*
I1l-defined margin 1 4.2 3 33.3
Orientation
Wider than taller [oval] 24 100 7 77.8 0.017*
Taller than wider [oval] 0 2 22.2
Calcifications
No calcification 11 45.8 1 111 0.02*
Microcalcification 3 12.5 5 55.6 '
Macrocalcification 10 41.7 3 33.3
TIRADS
TIRADS Il 12 50 0 0 0.012*
TIRADS IV 12 50 9 100

*The result was significant at P-value <0.05, TIRADS: Thyroid Imaging Reporting and Data System

The association of the histopathological type  odules were 4.1+0.8 ranging from 2.45-5.25

of thyroid nodules with their PNSR and  ith significant P-value for both SR, as shown
MNSR: The PNSR of all thyroid nodules were i, Taple 3.

ranging from (0.55-6.0) with meanzSD of 2.95 . _ _
. Table 3. SR ratios of thyroid nodules for benign and
+1.5. The meantSD of benign nodules were malignant lesions among the patients.

2.26+0.95, ranging from 0.55 to 4.33, while the

mean+SD of malignant nodules were 4.87+1.11 Parameter | N |Mean | SD [ Min| Max V:L .
ranging from (6-3.16). The MNSR of all thyroid Benign | 24 | 226 | 095 | 055] 4.33
nodules were ranging from (0.42-5.25) with PNSR [\alignant| 9 | 4.78 111 | 316! 60 <0-j301
meantSD of 2.44 +1.28. The meant SD of Benign | 24 | 181 075 10421 313
benign nodules were 1.81+0.75, ranging from MNSR\Vilignant| 9 | 41 08 | 245|525 | <0001

0.42 to 3.13, while the mean+SD of malignant
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The cutoff value for PNSR and MNSR to
differentiate between benign and malignant
Nodule: The best strain ratio Cutoff value
derived from analysis was (>3.63) for PNSR
(higher values were more indicative of
malignant thyroid nodules, whereas values
below this cut-off value, suggestive of benign
nodule). The strain ratios of PNSR and MNS
were represented by the ROC Curve in Figure 1.

PR

True PozSve Rate (Sms o

False Postve Rabe (1-Spactey

Figure 1. The Strain ratio at ROC curve.

The best cut off value for parenchyma-nodule
strain ratio is 3.63 with highest sensitivity,
specificity and accuracy of 100%, 85.3% and
89.2% respectively, this indicates that all cases
with pathological findings were accurately
detected when the strain ratio exceeded 3.63.
and suggests that 85.3% of non-pathological
nodules were correctly classified as benign
using this cutoff value. as seen in Table 4.
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Table 4. PNSR Cutoff value to differentiate between
benign and malignant thyroid nodules among the
patients.

Asymptotic 95%
PNS | AU | P-value | Accura | Confidence Interval
R © o Lower Upper
Bound B
0.9 <0.001 | 89.2% 0.874 1.000
46 *
Positive if Sensitivity | Specifici
ty
>2.88 100.0 82.7
>3.63 100.0 85.3
>3.73 98.8 875
>4.08 77.8 94.3
>4.50 66.7 100.0

The best cutoff value for muscle —nodule strain
ratio is 3.20 with highest sensitivity, specificity
and accuracy of 100%, 91.1% and 93.3%
respectively. This indicates that at MNSR >
3.20 all pathological nodules were accurately
detected as malignant and 91.1% of non-
pathological nodules were correctly classified
as benign at this cutoff, as demonstrated in
Table 5.

Table 5. MNSR Cutoff value to differentiate between
benign and malignant thyroid nodules among the
patients.

Asymptotic 95%
AU P- Accurac Confidence Interval
C value y
Lower Upper
Bound Bound
MN 0976 | <0.00 | 93.3% | 0927 1.000
SR 1%
Positive if Sensiti | Specificity
vity
>2.8 100 83.3
0
>3.20 100 91.1
0
>3.53 T7. 100
8
>4.09 66. 100
8
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Discussion

In this study, there was no significant link
between patient's age or gender and histological
diagnosis. US examination can detect these
nodules with irregular margins,
microcalcification, and hypo echogenicity
indicating biopsy these criteria may correlate
with thyroid malignancy (27). FNA is necessary
for distinguishing benign from malignant
nodules, but it's invasive and may cause
sampling errors. Approximately 15-20% of
thyroid nodules yield non-diagnostic cytology or
inadequate sampling (28), making it crucial to
determine which nodules require follow-up and
which necessitate re-aspiration.

Ultrasound elastography is a non-invasive
technique used to differentiate benign and
malignant thyroid nodules (29). However, it has
limitations when there's no normal surrounding
thyroid tissue, like multinodular goiter or
Hashimoto's thyroiditis (29). A new reference
tissue, SCM muscle, has been developed. There
was no significant link between patient's age or
gender and histological diagnosis, which is
similar with other studies (30,32).

In terms of echogenicity, the current
investigation found a statistically significant link
between the echogenicity of thyroid nodules on
US and histological diagnosis. This is consistent
with recent research (33,34), which found a
substantial association between the echogenicity
of thyroid nodules and the prediction of
malignancy.  Furthermore, current  study
discovered a substantial relationship between the
border of thyroid nodules and histological
diagnosis, consistent with previous research
(30,35) indicating that ill-defined or irregular
margins  significantly  predict malignancy.
Additionally, the orientation of thyroid nodules
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correlation between microcalcification and
malignancy prediction, but these features alone
are not accurate (36). The study also found a
significant correlation between TIRADS (lll
and 1V) and the distinction between benign and
malignant thyroid nodules. Also, the study
reveals a significant difference in the stiffness
of benign and malignant thyroid nodules using
US elastography for both PNSR and MNSR
with P-value <0.001, similar to results
documented in previous studies (30,37)
revealing more rigidity in malignant nodules
than in normal ones. Moreover, the study
indicated that the best cut-off value for
predicting malignant nodules is >3.63, with
100% sensitivity, 85% specificity, and 89.2%
accuracy, respectively. Previous studies have
used the normal thyroid parenchyma's SR as a
reference for discriminating between benign
and malignant thyroid nodules, with a wide
range of optimal cut-off values, from SR 1.1 in
Rago et al. study [86% sensitivity and 90%
specificity] to SR 4.2 in Ning et al. study with a
sensitivity of 81.8% (22)

Additionally, the study indicated that the
muscle-nodule  strain  ratio  elastography
(MNSR) for predicting malignant nodules was
>3.2, with a 100% sensitivity, 91.1 specificity,
and 93.3% accuracy rate, respectively. This is
higher than previous studies (30,38) which set
MNSRs of overl.85 with sensitivity,
specificity, and accuracy of 95.6%, 92.8%, and
93.4%, and above 2.31 for malignant thyroid
nodules (39) Gorguli's (37) study set the
highest MNSR cutoff value (>5.75), with the
highest sensitivity and specificity (100% and
96.3%). The muscle-nodule SR was also
variable compared to other studies. The
variability in the cutoff value of SR (PNSR and

was found to have a highly significant ~MNSR) between previous studies and the

correlation  with  malignancy  prediction ~ current study can be attributed to differences in

(35, 33). Moreover, the study found a  sampling criteria, examination techniques due

significant to different machines and operators, and a lack
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of uniformity in procedures, such as
compression forces applied by operators. The
current study found a statistically significant
similarity between PNSR and MNSR in
differentiation between benign and malignant
thyroid nodules (p-value <0.001 for both) with
better sensitivity, specificity, and accuracy rate
of MNSR in comparison with PNSR. This result
was concomitant with Gorgult study (37).
Another study done by Aydin et al (30) shows
no significant difference between PNSR and
MNSR in the form of sensitivity, specificity, and
accuracy rate in the prediction of malignant
thyroid nodules, the sensitivity, specificity, and
accuracy rate were 95.6%, 93.4%, and 94.3%
respectively for PNSR and for MNSR, the
sensitivity, specificity, and accuracy rate were
95.6%, 92.8%, 93.4% respectively with p-value
< 0.001. This could be related to subtle
inflammation of the thyroid parenchyma, which
may be missed by the radiologist.
Conclusions

The study found that USE has high diagnostic
accuracy in distinguishing benign  from
malignant thyroid nodules, while SCM muscle
has high sensitivity, specificity, and accuracy in
predicting nodular thyroid malignancy. MNSR
had a better cutoff value of 3.2 compared to
PNSR's 3.63 in the differentiation of

benign and  malignant thyroid nodules,
suggesting it could be used safely in cases where
PNSR has limitations.

Recommendations

The study advocates for the use of elastography
and Gray-scale US for assessing thyroid nodules
and suggests using sternocleidomastoid muscle
as a reference point in addition to normal
thyroid parenchyma for better strain ratio
measurement.
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Website: Abstract

https://djm.uodiyala.edu.ia/index.php/djm Background: The evaluation of compressed breast thickness has been
conducted based on the results of mammography examinations. While it is

Received: 04 January 2025 well-established that breast compression influences breast tissue, its effect on

Accepted: 17 March 2025 H H H H H

Published: 25 April S the axillary (armpit) region remains unclear. Increased compression of breast

tissue in women can lead to a reduction in breast tissue thickness.

Objective: To determine the correlation between entrance surface skin
exposure with compressed breast thickness and compare the mean of
entrance surface skin exposure results from mammaography in Iraq with other
studies.

Patients and Methods: A study was conducted at Al-Alwiya Teaching
hospital from December 2023 to January 2024 and involved 100 Iraqi
women. The study used a mammography (model GE healthcare) to
determine compressed breast thickness and skin exposure for craniocaudal
and mediolateral oblique projections.

Results: The mammography findings revealed a statistically significant
correlation between entrance surface skin exposure (ESE) and compression
breast thickness (CBT) in Iragi women. Specifically, it was observed that
increased CBT was associated with higher ESE values.

Conclusion: The study demonstrates that breast compression thickness and
radiation exposure were notably higher in the mediolateral oblique (MLO)
view compared to the craniocaudal (CC) view. A significant positive
correlation was observed between compression breast thickness and
radiation dose. These findings underscore the importance of region-specific
guidelines and standards in mammography practices to ensure optimal
patient care and safety.

Keywords: Axillary region, Breast parenchyma, Entrance surface skin
exposure,  Mammography, = Compressed  breast  thickness.
Introduction

The female breast is a complex anatomical structure primarily composed of glandular, fibrous, and
adipose tissues (1). The glandular component is organized into lobules and ducts, which are crucial
for milk production and transport during lactation. The fibrous stroma provides essential structural
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support.  Adipose tissue surrounds these
elements and significantly influences the breast's
overall size and shape. In addition, the breast
contains an intricate network of blood vessels,
lymphatic  channels, and nerves, which
collectively contribute to its physiological
functions and immunological defense (2,3,4).
There are several reasons for applying firm (but
not painful) compression to the breast during the
mammographic examination (5). Compression
causes breast tissues to be spread out,
minimizing superposition from different planes
and thereby improving the conspicuity of
structures.

This effect may be accentuated by the fact that
different tissues (fatty, fibrous, glandular, and
cancerous) exhibit varying elasticity (6,7,8),
resulting in the tissues being spread out to
different extents and potentially making a cancer
more visible. As in other areas of radiography,
scattered  radiation reduces contrast in
mammograms. The use of compression
decreases the ratio of scattered to directly
transmitted radiation reaching the image
receptor (9).

The effect of breast thickness on scatter is
quantified. Compression also decreases the
distance from any plane within the breast to the
image receptor, thereby reducing geometric
unsharpness. The compressed breast provides
lower overall attenuation to the incident X-ray
beam, allowing the radiation dose to be reduced.
The compressed breast also provides more
uniform attenuation over the image. This
reduces the exposure range that must be
recorded by the imaging system, and in screen-
film mammography, allows a film with a higher
gradient to be employed. Finally, compression
provides a clamping action, which reduces

anatomical motion during the exposure, thereby
reducing this source of image un-sharpness, it is
essential that the breast (10-12) be compressed
as uniformly as possible and that the edge of the
compression plate at the chest wall be straight
and aligned with both the focal spot and image
receptor to maximize the amount of breast tissue
(13, 14) that is included in the image. The
mechanical properties of the breast are non-
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linear; after a certain reduction in thickness,
application of additional pressure provides little
benefit in terms of improved image quality and
only contributes to patient discomfort.
Specialized mechanisms have been introduced
by several manufacturers to try to achieve better
compression while minimizing the risk of
overcompression (15,17,18).

This research seeks to estimate and compare the
ESE from mammography procedures in Iraq
with  those reported in other studies.
Additionally, it aims to explore the relationship
between ESE and breast compression thickness.

Patients and Methods

Study design: The study involved 100 Iraqi
women, aged between 30 and 60 years, who
were referred to Al-Alwiya Teaching Hospital
between December 2023 and January 2024.
ESE and compressed breast thickness (CBT)
measurements for craniocaudal (CC) and
mediolateral obliqgue (MLO) views from
mammography were recorded for both breasts.
Various anode-filter pairings were considered,
including Mo/Mo, Mo/Rh, and Rh/Rh.

Exclusion Criteria:
1. Patients with a history of radiation therapy.

2. Patients exhibiting symptoms of mastitis or
breast abscess.

3. Patients with any inflammatory condition
that may increase skin thickness beyond normal
limits, potentially resulting in a higher radiation
dose.

Data analysis: Analysis of the data was carried
out using the Statistical Package for the Social
Sciences, version 24 (SPSS-24). Data were
presented in simple measures of mean, standard
deviation, and range. The significance of the
difference between different means (quantitative
data) was tested using Student's t-test for the
difference between two independent means or
the Paired T-Test for a difference between paired
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observations (or two dependent means).

The scattering distribution curve was used for
correlation analysis. Statistical significance was
considered whenever the p-value was equal or
less than 0.05.

Results

Age distribution: The age distribution of our
data, collected from 100 Iraqi women, is shown
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in Figure 1.

The study groups were divided into smaller
groups according to their ages, and the results
showed that the percentage of the age range of
patients of 30-39 years was 18.0%, it was 38.0%
of patients within 40-49 years, and 44.0% for
patients within the age range of 50 to 59 years
old.

44.0

Ya_--¥Y.

25 JI

50---59years
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Figure 1. Age distribution of Iragi women used in the current study at Al-Alwiya hospital.

These measurements are provided separately
for the right breast, left breast, and combined
for both breasts. Additionally, the range of
values for each category is included.

Breast Thickness: For the cranio-caudal (CC)
projection, the average compressed breast
thickness for the right breast is 50.62 mm with a
standard deviation of 9.62. The range of values
for this measurement extends from 30.0 mm to
77.0 mm. Similarly, for the left breast, the mean
thickness is 50.35 mm with a standard deviation
of 9.38, and the range was from 30.0 mm to 75.0
mm. When both breasts are considered together,
the average thickness was slightly higher at
50.90 mm, with a standard deviation of 9.89 and

a range of 30.0 mm to 77.0 mm. In the
mediolateral obliqgue (MLO) projection, the
compressed breast thickness is generally more
significant than in the CC projection. The mean
thickness for the right breast is 61.12 mm, with a
standard deviation of 12.57, and the range spans
from 33.0 mm to 89.0 mm. For the left breast,
the average thickness is 60.28 mm, with a
standard deviation of 12.86, and the range is
identical at 33.0 mm to 89.0 mm. When both
breasts are analyzed together, the mean
compressed thickness increases slightly to 61.97
mm, with a standard deviation of 12.27 and a
range of 37.0 mm to 89.0 mm these shown at
Table 1.
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Table 1. The mean and standard deviation of compression breast thickness.

Physical parameters of Mean £SD (Range) N(IeRinn;;D I\/(IeRznnE;D

MG R (TS RN For left breasts For both breasts
Compression breast thickness for 50.62+9.62 50.35+9.38 50.90+9.89
CC (mm) (30.0-77.0) (30.0-75.0) (30.0-77.0)
Compression breast thickness for 61.12+12.57 60.28+12.86 61.97+12.27
MLO (mm) (33.0-89.0) (33.0-89.0) (37.0-89.0)

Entrance Surface Exposure: Based on Table 2
and Figure 2 which show the craniocaudal (CC)
projection, the entrance surface exposure for the
right breast has a mean value of 12.91 mGy,
with a standard deviation of 3.19. The exposure
values range from 7.0 mGy to 21.99 mGy.
Similarly, for the left breast, the mean exposure
was 12.91 mGy, with a standard deviation of
3.10, and the range is from 7.0 mGy to 21.21
mGy. When the data for both breasts are
combined, the mean remains consistent at 12.91
mGy, with a slightly lower standard deviation of
3.10, and the range spans from 7.02 mGy to

21.99 mGy in mediolateral oblique (MLO)
projection, the entrance surface exposure is
slightly higher compared to the CC projection.
For the right breast, the mean exposure is 15.38
mGy, with a standard deviation of 4.73, and the
range is from 6.22 mGy to 37.09 mGy. While in
the left breast, the mean exposure was 15.31
mGy, with a standard deviation of 4.88, and the
range was from 7.41 mGy to 37.09 mGy. When
both breasts are analyzed together, the mean
exposure was 15.45 mGy, with a standard
deviation of 4.61, and the range spans from 6.22
mGy to 31.25 mGy.

Table 2. Comparison of Entrance Surface Exposure (mGy) in Mammography.

Mean £SD Mean £SD Mean £SD
Radiation factors (Rang) (Range) (Range)
For right breasts For left breasts For both breasts
Entrance surface exposure of CC 12.91+3.19 12.91+3.10 12.91+3.30
(mGy) (7.0-21.99) (7.0-21.21) (7.02-21.99)
Entrance surface exposure of MLO 15.38+4.73 15.31+4.88 15.45+4.61
(mGy) (6.22-37.09) (7.41-37.09) (6.22-31.25)
.“ 3 - -_“‘. ‘§
n"' ."-‘ E
sy , %
_a'. [ 1] L ] L ] L ] “s'
» esoese o o0 T
et B 000 008 908000 » *e 0
R 0 00 00000 0008000 80 o0 Yenin
GO0 S0 000000 00000000000 000 00000 08 0 O W -0 i
."‘.".‘ X ., %
.... . . ..‘\ L
e @c o0 ° ey
o see o & 0 . ey
LA ® 000 80 00 & 00 00 < Seal
=" o000 00000 G00000 0000 90000 000 .,
G 0000 000000000000 0000 000000000 & 00 ¥ - £ TR

’.l- L " wa e 1 'h RL U NN E )

e a1

Entrance surface exposure of CC (mGy)

Figure 2. Analysis of radiation dose in CC and MLO mammography projection for left and right breast.
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Breast Thickness and Radiation Doses: Table
3 provides an analysis of the correlation between
compressed breast thickness (CBT) and
radiation doses during mammography for the
cranio-caudal (CC) and mediolateral oblique
(MLO) projections. The relationship is assessed
using the Pearson correlation coefficient (R) and
the corresponding p-values (P), which indicate
the statistical significance of the results.

Diyala Journal of Medicine

Correlation Coefficient: For the CC projection,
the correlation coefficient ® between entrance
surface exposure (ESE) and breast compression
thickness was 0.401. This value signifies a
moderate positive correlation, meaning that as
breast thickness increases, the radiation dose
required for the CC projection also increases.
The associated p-value for this correlation is
0.0001, which was considered highly
significant. This strong statistical significance
underscores the reliability of the relationship
between CBT and radiation dose in this
projection.

In the case of the MLO projection, the
correlation coefficient between ESE and CBT is
slightly lower at 0.337, which also indicates a

moderate positive correlation. Similar to the CC
projection, this relationship implies that thicker
breast tissue requires a higher radiation dose for
adequate imaging. The p-value for this
correlation is also 0.0001, demonstrating a high
level of statistical significance. Despite being
slightly weaker than the CC projection, the
correlation remains important for understanding
the factors influencing radiation dose during
mammaography.

When looking at the overall correlation between
CBT and ESE in the MLO projection, the
relationship becomes stronger, with a correlation
coefficient of 0.654. This indicates a strong
positive correlation, suggesting that breast
thickness has an even greater impact on

radiation dose in the MLO projection. The p-
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value remains at 0.0001 which confirms the high
statistical significance of this correlation.

Table 3. Correlation between compressed breast tissue
and radiation doses. (*Correlation is significant at the
0.05 level, **Correlation is highly significant at the
0.01 level).

Radiation doses CBT CBT
For CC For MLO
ESE R 0.401** 0.337**
For CC P 0.0001 0.0001
ESE R 0.305** 0.654**
For MLO P 0.0001 0.0001
Discussion

Our study shows that the majority of women
visiting Al-Alwiya Hospital are aged 50-59
years (44%), followed by those aged 40-49 years
(38%), with the lowest percentage in the 30-39
years group (18%). This suggests that older
women seek medical care more frequently, likely
due to age-related health issues or routine check-
ups (19). The current study reveals that breast
compression thickness is slightly higher in the
MLO view compared to the CC view.
Measurements are consistent between right and
left breasts, with ranges of 30-77 mm (CC) and
33-89 mm (MLO). This ensures reliable imaging
for both views. MLO view has been reported to
have a higher radiation exposure than the CC
view, with consistent values between right and
left breasts. Mean ESE ranges from 12.91 mGy
(CC) to 15.38 mGy (MLO). The study results
revealed a positive correlation between radiation
doses (ESE) and mammography techniques
(CBT) in both CC and MLO positions, with a
highly significant statistical level of 0.01. In the
CC position, the correlation coefficient ® was
0.401, indicating a moderate positive correlation.
This can be explained by the fact that increased
breast tissue density or thickness in this position

requires higher radiation doses to achieve
diagnostic image quality. In the MLO position,
the correlation coefficient was 0.337, reflecting a
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mild to moderate positive correlation. This is
because the MLO position captures more
glandular tissue (20, 21), resulting in higher
radiation exposure; however, the correlation is
lower than in the CC position due to differences
in imaging angles and tissue distribution.

Diyala Journal of Medicine

The highest correlation was observed between
radiation doses and the MLO position, with an R
value of 0.654. This can be attributed to the
broader tissue area covered in this position,
requiring higher radiation doses for effective
penetration. These findings are attributed to
several factors, including the differences in
tissue density, breast thickness, and imaging
angles. Additionally, the quality and calibration
of imaging devices directly influence the
radiation required dose. A comparison of the
Entrance Surface Exposure (ESE) values in
mammography between this study and a
Sudanese study revealed significantly lower
ESE values in this study across all views (RCC,
RMLO, LCC, LMLO) compared to the
Sudanese study (18). This difference could be
attributed to advancements in mammography
technology (10), stricter radiation safety
protocols, and differences in  patient
characteristics. The lower ESE enhances patient
safety by minimizing radiation exposure while
maintaining diagnostic quality. However, this
result does not align with the study conducted
by Myug-Su Ko et al in 2013, where the mean
of ESE was 5.98 + 1.22, which is significantly
lower than our findings. This discrepancy could
be explained by the fact that the device used in
their study has a higher level of safety compared
to the one used in our study.

Conclusions

The study found that most patients involved here
were within the age range of 50-59 years. Breast
compression thickness and radiation exposure
were higher in the MLO view, with a positive
correlation between thickness and dose. The
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ESE values were significantly lower, which
indicates that the mammography device used in
this study is very advanced.

Recommendations

It is recommended to increase the number of
patients to obtain accurate results and
incorporate additional studies to compare the
Entrance Skin Exposure (ESE) of mammography
devices in other countries with those in Iraq,
thereby ensuring greater accuracy and reliability
of the results.
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Abstract

Background: Colon cancer is an uncontrolled growth of cells that begins in a
part of the large intestine called the colon. The colon is the first and longest
section of the large intestine. The possible causes of colon cancer are genetic,
environmental and nutritional factors. This study was prepared to help in
identifying the causes and predicting the occurrence of colon cancer.
Objective: To identify the possible factors as causes of colon cancer in a group
of patients in Diyala Governorate - Irag.

Patients and Methods: In this study, blood serum samples were collected
from 60 patients with colon cancer. 30 serum samples were collected from
non-colon cancer patients who were considered a control group. The levels of
alpha-meprin enzyme, catalase enzyme, nitric oxide and interleukin 12 were
measured by immunoassay using the ELISA device.

Results: The results showed that the levels of Meprin alpha and interleukin 12
had statistically significant values, as their levels were higher than the control
group, while the levels of catalase and nitric oxide were low when compared
to the control group.

Conclusion: It was found that there is a significant positive correlation
between meprin alpha and interleukin 12, and there was an inverse correlation
between meprin alpha and catalase and nitric oxide. The results of our study
indicated that the reason for the increase in meprin alpha and interleukin 12 is
related to colon cancer.

Keywords: Antioxidants, Interleukin 12, Meprin alpha, Catalase, Nitric
oxide.

Colon cancer is a type of cancer that affects the large intestine and usually arises from benign tumors
that turn into cancerous cells over time (1). Colon cancer affects the colon and causes a health
problem. It is a very common disease, with high rates of infection and death reaching almost half of
those infected (2). Colon cancer was the cause of 10% of cancer deaths in 2010. Colon cancer is
becoming more common among people aged 45 to 50, regardless of age (3) Colon Cancer is one of
the most common types of cancer in the world, with more than a million new cases each year around
the world (3). Malignant tumors of the lymphocytes are known as lymphomas. They beginin B or T
lymphocytes. The gastrointestinal tract is the most common site for lymphomas outside the lymph
nodes (4). Therefore, it is considered the third most common type of cancer and the fourth most
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common type of cancer in terms of cancer-related
deaths (5). Among the causes of infection are
behavioral factors that affect the development of
colon cancer, including age, lifestyle,
environmental, and genetic factors (6). Meprin
alpha is a metalloproteinase that contains zinc
and is associated with the cell membrane, from
which it is secreted. Many of these enzymes
(metalloproteins) are secreted from cell
membranes; some of them are associated with the
cell membrane, and their work is both outside and
inside the cell. These metalloproteins are crucial
in various disorders and diseases, including
inflammatory conditions and cancers (7).
Interleukin 12 is a key member of the IL-12
cytokine family and a powerful stimulator of
antitumor immunity. 1L-12 was initially
identified in the late 1980s as a factor that acts as
a stimulator of natural killer cells with multiple
biological effects on peripheral blood
lymphocytes (8). It is mainly produced by
antigen-presenting cells such as dendritic cells,
monocytes, macrophages, and B cells. It consists
of two covalently linked chains of 40 KDa and 35
KDa. IL-12 has been reported to have a potent
antitumor effect (9, 10). Catalase plays an
important role in decomposing hydrogen
peroxide into oxygen and water. Catalase
removes high concentrations of hydrogen
peroxide due to its antioxidant action. Catalase is
distinguished from other enzymes by its highest
turnover rates, with a single molecule capable of
converting 83,000 hydrogen peroxide molecules
into water and oxygen per second. Catalase also
resists the formation of Peroxynitrite by
oxidizing nitric oxide in the presence of hydrogen
peroxide. Overall, these catalytic properties
enhance the antioxidant defense systems of cells
mediated by catalase (11). Nitric oxide plays a
significant role in the physiology of living
organisms. It has a significant regulatory role at

the physiological level in vital processes such as
neurotransmission. It also has an essential role in
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responding to inflammation and cardiovascular
diseases and is involved in defense mechanisms
and regulating inflammatory and immune
mechanisms (12). Arginine acts as a building
block for protein and a precursor for nitric oxide
synthesis (13). Nitric oxide is a vasodilator,
neurotransmitter, metabolic regulator, and
bactericidal, fungicidal, and virucidal agent (14).
This study investigates the meprin alpha
enzyme's effect on cancer cells, the associated
biochemical alterations in colon cancer patients,
and its potential future implications.

Patients and Methods

Study design: Blood samples were taken from
60 patients with colon cancer, and 30 samples
were used as a control group for the period from
11/1/2023 to 3/1/2024. Blood samples (4-5 ml)
were drawn from patients and healthy people and
transferred to gel tubes. Serum was obtained by
centrifugation at 3000 rpm for 15 minutes. The
serum was stored at -20 °C until the tests were
performed.

Serological tests: Serological tests were
performed in Baghdad, Iraq's Scientific Center
for Chemical Analysis laboratories. The
effectiveness and levels of the study variables
were determined using the sandwich method and
the ELISA device. The concentration of the
study variables in the blood serum was estimated
using a ready-made test kit from the American
company Clond-Clond Corp, which produced a
yellow compound whose absorption intensity
could be measured at a wavelength of 450
nanometers.

Statistical analysis

The results were analyzed statistically, and the
values were expressed as (mean + standard
deviation), and the level of statistical
significance was determined using the SPSS
program (statistical package for the social
sciences), and the difference between the two
groups were not considered statistically
significant unless (P value) was less than
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0.05, and Pearson's correlation coefficient (r) was
used to test the relationship between the two
coefficients.

Results

Meprin alpha enzyme level assessment: The
activity and level of meprin alpha enzyme were
estimated in the blood of healthy people and
patients with colon cancer. The research results
included the statistical values for colon cancer
patients that were estimated in the blood of
patients with colon cancer and the control group,
where it was found when conducting a statistical
comparison between the activity of meprin alpha
enzyme in the blood of patients and controls,
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it was found that there was a significant increase
at a probability level (P<0.05) in the activity of
the enzyme in patients, where it was
(316.696+53.131) and in the control, where it
was (223.385+40.820) and shown in Figure 1.

Catalase enzyme level assessment: Catalase
enzyme levels were investigated in the serum of
patients with colon cancer compared to healthy
controls. A statistically significant decrease was
observed at the probability level of P < 0.05,
where the values of Mean + SD in healthy and
infected patients were 21.479 £ 3.835 and 3.175
+ 0.718, respectively, as shown in Figure 2.
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Figure 1. The activity of meprin alpha enzyme in the blood of colon cancer patients and the control group.
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Figure 2. shows the concentration of catalase enzyme in the blood of colon cancer patients and the control group.
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Nitric oxide level assessment: The results
showed a statistically significant decrease at the
probability level of P< 0.05 in the level of nitric
oxide in the group of colon cancer patients, where
the results in patients were (4.496+0.987)
compared to the control group (17.972+2.953) as
shown in Figure 3.

Interleukin-12 level assessment: By studying
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the levels of interleukin 12 in the serum of
healthy people and those with colon cancer, the
results showed a significant increase with
statistical significance at the probability level of
P<0.05 in patients compared to healthy people,
as the mean + SD in patients was
(377.891+£80.119) and  healthy  people
(136.927+33.929) as shown in Figure 4.

Patients

Figure 3. Shows the concentration of nitric oxide in the blood of colon cancer patients and the control group.
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Figure 4. The concentration of interleukin-12 in the blood of colon cancer patients and the control group.
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The correlation relationships of the enzyme
meprin alpha with the variables under study:
To find the relationship between the enzyme
meprin alpha and the clinical variables studied in
the research for patients with colon cancer, it is
necessary to find the correlation coefficient
(linear correlation) between the enzyme and the
variables, as the correlation coefficient r: is a
measure of the degree of association or
commitment between two independent variables
and is used to describe the relationship and
degree of association between the various
measurements studied, as follows:
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alpha and catalase: The correlation between the
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enzyme meprin alpha and the enzyme catalase
was studied in people with colon cancer and an
inverse correlation was found as shown in Figure
5.

The binding relationship between meprin
alpha and nitric oxide: The relationship
between meprin alpha and nitric oxide was
studied in people with colon cancer and an
inverse relationship was found as shown in
Figure 6.

The binding relationship between Meprin
alpha and IL-12: The relationship between
meprin alpha and interleukin-12 was studied in
people with colon cancer and a direct correlation
was found as shown in Figure 7.
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Figure 5. The linear relationship between the enzyme meprin alpha and the enzyme catalase in the blood serum of

patients with colon cancer.
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Figure 6. The linear relationship between the enzyme meprin alpha and nitric oxide in the blood serum of patients with

colon cancer.
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Figure 7. The linear relationship between the enzyme meprin alpha and interleukin-12 in the blood serum of patients

with colon cancer.

Discussion

Colon cancer is an uncontrolled growth of cells
that begins in a part of the large intestine called
the colon. The possible causes of colon cancer
include genetic, environmental, and nutritional
factors. This study was designed to help
determine the causes and predict the occurrence
of colon cancer. The results of our study showed
lower levels of catalase and nitric oxide in people
with colon cancer and higher levels of interleukin
12 and mebrin alpha in people with colon cancer.
The study conducted by researchers Lutaz,
Daniel, and their group was consistent with the
results of our study, which indicated that mebrin
alpha contributes to tumor progression by
facilitating the migration of cancer cells and their
entry into the blood vessels and their metastasis
in patients compared to healthy individuals (15).
Peters and colleagues observed that mebrin alpha
levels were highly abundant in intestinal cells of
both sexes, and their expression was associated
with different stages of colon cancer. conditions
(16). Anwar and colleagues noted that catalase is
the major antioxidant enzyme that efficiently
degrades hydrogen peroxide into water and
oxygen, reducing oxidative stress and preventing
cellular and molecular disintegration. This
enzyme plays a crucial role in maintaining
cellular redox balance. Its dysregulation is

associated with the delicate balance between
generating reactive oxygen species (ROS) and
antioxidant defenses such as catalase, which is
particularly vital in conditions such as cancer,
where catalase can play a dual role in the
survival of normal and cancer cells (17).
Panneerselvan suggested that the reason for the
lower levels of nitric oxide in patients with colon
cancer compared to healthy individuals is due to
the antioxidant and pro-oxidant properties of
nitric oxide (18,19). Yin, X. L. demonstrated that
IL-12 is a potent cytokine that plays a key role in
the initiation of cell-mediated immunity by
regulating biological groups as a growth factor
for natural killer cells and activated T cells,
favoring the formation of cytotoxic T cells, and
stimulating the production of several cytokines
(20,21).

Conclusions

The change in immune response due to colon
cancer  resulted in  high  responsive
concentrations of interleukin 12 and meprin
alpha, with a strong association between them.

Recommendations

It was recommended to study the relationship
between meprin alpha enzyme and other cancer
cases, such as lung and liver cancer. In addition,
it was essential to
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study the effect of genes encoding the meprin
alpha enzyme on patients with colon cancer and
other cancers. Furthermore, it was recommended
that the relationship between meprin alpha
activity and oxidative stress be found, and the
role of meprin alpha in remodeling the
extracellular matrix be studied.
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Abstract

Background: Developmental assessment is a systematic and comprehensive
process that evaluates a child's progress across multiple domains of
development to identify potential developmental delays or disabilities.
Objective: This study aimed to assess the development of Iragi children aged
2-60 months residing in Diyala province, compare it to other states, and
estimate the prevalence of developmental delay.

Patients and Methods: A total of 330 samples from children were recruited
from Al-Batool Teaching Hospital for Maternity and Children over a six-
month period, from October 2022 to March 2023. The Ages and Stages
Questionnaire (ASQ3) was used to assess the children's development. The
ASQ3 is a standardized tool used to screen for developmental delays in
children aged 2-60 months. The ASQ3 scores are divided into three areas:
white (normal development), black (delayed development), and gray (critical
zone).

Results: The study results showed that most of the children (97.6%) had
normal development across all domains of development. However, 2.42% of
the children had developmental delay, including two children (0.6%) with
delayed speech and communication only and six children (1.8%) with global
developmental delay in all areas. In addition, a proportion of children were
situated within the gray area of the ASQ3 system, which indicates the need for
further assessment to evaluate specific aspects of a child's development that
may warrant closer attention. The proportion of children in the gray area
ranged from 0% to 34.5%, depending on the development domain.
Conclusion: The results of this study suggest that most children in Diyala
province have normal development. However, a small percentage of children
have developmental delays, and a proportion of children are situated in the
critical area and need further assessment.

Keywords: Developmental assessment, Developmental delay, Diyala,
ASQ3.

Child development is a complex and intricate process involving biological, psychological, and
emotional changes that occur predictably and continuously from birth through adolescence. Some
children may face developmental delays, failing to acquire skills and reach milestones according to
the expected timeline (1,2). A combination of biomedical and socio-cultural factors influences child
development. Some factors, such as nutrition, emotional support, and education, are modifiable and
can be actively addressed. On the other hand, certain factors like child gender, consanguinity between
parents, parents' ages, and educational level are non-modifiable. Socio-cultural factors, including
poverty and exposure to violence, can also significantly impact a child's development (1).
Developmental evaluation plays a critical role in assessing a child's progress in achieving age-
appropriate developmental milestones and identifying any potential concerns or delays. Healthcare
professionals, such as pediatricians or developmental psychologists, conduct these evaluations using
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standardized tools to measure various aspects of
a child's development, including cognitive,
motor, communication, and social-emotional
skills (3,4). The American Academy of Pediatrics
recommends conducting regular developmental
evaluations throughout a child's early years to
identify and address any delays or concerns as
early as possible. Early detection and
intervention for developmental delays can
significantly improve a child's outcomes and
increase their chances of success in school and
life. Parents and caregivers also play a crucial
role in the developmental evaluation process by
monitoring their child's progress and sharing any
concerns with their healthcare provider (5,6).
According to the Global Burden of Disease
Study, approximately 52.9 million children under
5 worldwide experience delayed development,
with 95% living in low- and middle-income
countries (7). The American Academy of
Pediatrics (AAP) recommends the routine and
periodic use of standardized tools during each
well-child clinic visit, with specific screenings
conducted at 9, 18, and 24 or 30 months of age.
The Ages and Stages Questionnaire (ASQ-3) is
one of the screening tools chosen for its cultural
sensitivity and availability in the native spoken
language (8). Primary healthcare professionals,
particularly family physicians, are critical in
promoting child development. They are well-
positioned to monitor children's growth and
development and educate mothers or caregivers
on providing the optimum environment for their
child's growth.

Patients and Methods

Using a convenient sampling method, this cross-
sectional study was conducted at the College of
Medicine, University of Diyala, in the Pediatric
Department. The study included 330 children
from various socioeconomic backgrounds,
selected from AlBatool Teaching Hospital for
Maternity and Children over a period of six
months. The study utilized the Ages and Stages
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Questionnaire (ASQ-3) system to categorize the
enrolled children as normally developed or
experiencing abnormal development. The ASQ3
is a parent-completed developmental screening
instrument for children aged 2 to 60 months.
Each questionnaire consists of 30 questions
covering five developmental areas:
communication, gross motor skills, fine motor
skills, problem-solving, and personal-social
skills. For each item, parents provide responses
of "Yes," "Sometimes," or "Not yet," which are
scored as 10, 5, or O, respectively. The overall
domain scores are obtained by summing the
scores of all items within each domain, with a
maximum score of 60 points per domain. Based
on these domain scores, children are classified as
normally developed (white area),
developmentally delayed (black area), or at risk
(gray area). Completing the ASQ-3
questionnaire typically takes 10-15 minutes for

each child (Figure 1).

NEW MONITORUNG 2ONE
drvy  chid b cubng el IN ASQ-2

Copy te s sourey Coeor nerescoree i Scores owtce e
% % e, the dirk haded Jorw ided 300t e e

seod Arther smassment  these weas W I s
When scores il n the gkt

saced tam,

wh o
et 'l-\'Y "ipves
larerg wietes

Figure 1. ASQ3 summary score (9).

Statistical analysis

Excel version 2021 and SPSS (Statistical
Package for the Social Sciences) version 26 -
2022, were used for statistical analysis, t-test and
chi-square was applied to calculate p value
between variables, a level below 0.05 was
considered significant (10), in addition to basic
calculations of numbers and percent.

Results

Demographic criteria: A total of 330 children
were enrolled in the study, distributed into 12
age groups (260 months), 140 (42.2%) were
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males and 190 (57.8%) were girls with a ratio of

0.7:1 of male: female (Table 1).

Table 1. Demographic criteria for the study sample.
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Gender Age(months) Total
2 4 6 9 12 14 18 | 24 30 36 48 60

2 no. |11 12 10 | 9 12 5 12 | 13 14 15 12 14 140

2 % 31.4 46 33 |36 | 428|334 |50 |46.4|452 | 428 | 44.4|48.2 | 42.2

2 no. | 24 14 17 | 16 | 16 10 12 | 15 17 20 15 15 190

L% % 68.6 54 63 | 64 |57.2|66.6 |50 |536|54.8|57.2|556|518|57.8
no. | 35 26 27 | 25 | 28 15 24 | 28 31 35 27 29 330

g % 10.6 79 |82|76|85 |45 |73(88 |94 |106|8.1 |88 | 100

The data indicates that the 14-months age group
had the lowest number of children, with a total of
15(4.5%), consisting of 5 boys (33.3%) and 10
girls (66.6%). In contrast, the 36-month and 2-
month age groups had the highest number of
children, with a total of 35(10.6%), consisting of
15 boys (42.8%) and 20 girls (57.2%), 24 girls
and 11 males, respectively.

Developmental delay according to domain: It
was found that most enrolled children (n= 322,
97.6%) were having normal development across
all domains of development (speech and
communication, gross motor, fine motor,
problem solving and personal- social) while

developmental delay was detected in 8 (2.42%)
children, including 2 children (0.6%) were
having delayed in speech and communication
only and 6 children (1.8%) were having global
developmental delay in all areas (speech and
communication, gross motor, fine motor,
problem solving and personal-social). These
results imply that, overall, the developmental
screening outcomes were similar across most
domains for the studied group, with slight
differences observed in communication skills
and global developmental delay (Table 2).

Table 2. Developmental delay in each domain for the study sample.

Development Achievement Domain No. (%)
Communication 2 (0.6%)
Gross motor 0
Fine motor 0
Problem solving 0
Developmental Delay Personal-social 0
Global DD 6 (1.8%)
Total 8 (2.4%)
Normal development 322 (97.6%)
Total 330 (100%)
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Distribution according to white/gray area in
ASQ3: The majority of children who underwent

Diyala Journal of Medicine

assessment using the Ages and Stages
Questionnaires, Third  Edition  (ASQ-3),
demonstrated  developmental  achievements

within the white area, indicating age-appropriate
attainment of developmental milestones across
multiple domains. These results provide evidence
of positive developmental progress among the
assessed children, implying that they are meeting
or surpassing the anticipated developmental
expectations for their respective age groups.
However, it is important to note that a proportion
of children were classified within the gray area,
these were: regarding communication (0-16.1%)
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the highest percentage in 30-month age group,
gross motor (0-22.6%) the highest percentage in
30-month age group, fine motor (0-20.7%) the
highest percentage in 60-month age group,
problem solving (3.8-34.5%) the highest
percentage in 60-month age group and personal-
social (3.8-16.1%) the highest percentage in 30
—month age group. The gray area on the ASQ-3
typically signifies the need for further
assessment to evaluate specific facets of a child's
development that may warrant closer attention.
This subset of children may exhibit potential
areas of concern or require additional monitoring
to gain a more comprehensive understanding of
their developmental trajectory, (Table 3).
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Table 3. Distribution of normal developed children according to white/gray area in ASQ3.

Communication | Gross motor Fine motor Problem solving | Personal-social
Age area | number | % number | % number | % numbers | % numbers | %
2mo. | white| 30 90.9 | 30 88.2| 29 85.3| 32 94.1 31 91.2
Gray | 3 9.1 |4 11.8] 5 14.7] 2 59 |3 8.8
Total | 33 34 34 34 34
white | 22 91.7 | 23 92 | 22 88 | 23 92 |22 88
4mo. Gray | 2 83 |2 8 |3 12 |2 8 |3 12
Total | 24 25 25 25 25
white | 24 92.3 | 25 96.2| 24 92.3| 25 96.2 | 23 88.5
6mo. I'Gray | 2 77 |1 38 |2 77 |1 3.8 |3 11.5
Total | 26 26 26 26 26
white | 23 92 | 23 92 | 22 88 | 23 92 | 24 9%
dmon. [ cray | 2 8 2 8 |3 12 |2 8 1 4
Total | 25 25 25 25 25
white | 24 85.7 | 26 92.9| 27 9.4 26 92.9| 27 96.4
12mo-"Gray | 4 143 | 2 71 |1 36 |2 71 |1 3.6
Total | 28 28 28 28 28
white | 14 93.3 | 15 100 | 15 100 | 13 86.7 | 14 93.3
14mo- I Gray | 1 67 |0 o |o o |2 1331 6.7
Total | 15 15 15 15 15
white | 24 100 | 23 95.8| 21 87.5| 21 87.5| 22 91.7
18mo.-"Gray | o 0 1 42 |3 135] 3 135 2 8.3
Total | 24 24 24 24 24
white | 22 84.6 | 21 80.8| 22 84.6| 25 96.2 | 24 92.3
24mo-Gray | 4 154 | 5 19.2] 4 154 1 38 |2 7.7
Total | 26 26 26 26 26
white | 26 83.9 | 24 77.4| 28 90.3| 28 90.3 | 26 83.9
30mo- gy |5 16.1 | 7 22.6| 3 9.7 | 3 9.7 | s 16.1
Total | 31 31 31 31 31
white | 31 91.2 | 29 85.3| 31 91.2| 28 82.4 30 88.2
36mo. Gy | 3 88 |5 14.7] 3 88 | 6 17.6] 4 11.8
Total | 34 34 34 34 34
white | 23 85.2 | 21 77.8| 22 81.5| 24 93.1 25 92.6
48mo-'Gray | 4 14386 225 185 3 69 |2 7.4
Total | 27 27 27 27 27
60 white | 29 100 | 27 93.1| 23 79.3| 19 65.5 | 29 100
Mo. | Gray | 0 0 2 69 | 6 20.7| 10 3450 0
Total | 29 29 29 29 29
Total 322 324 324 324 324
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Developmental delay according age and
gender: Among all the participating children, 8
were identified as having
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developmental delay, with a higher percentage in
boys (3.57%) than in girls (1.58%), (Table 4).

Table 4. Developmental delay according to age and gender.

Age(months) |2 |4 [6 [9 [12]14 18 [24 [30 [36 | 48 | 60 | Total p value
= | male 9 [10[10 |9 [12 |5 [12]13 |14 [13 |12 |14 | 135
§ (42.4%)
z

female |24 |14 |16 |16 |16 |10 |12 [ 13 |17 |20 | 15 | 15 | 187

(57.6%) 0.245
g? male 2 |2 |- 1 |- |- |5(15%)
g2
s = | female 1 2 3(0.9%)
==
35 [26 |27 |25 |28 |15 |24 [ 28 |31 |35 |27 |29 | 330

Overall, the differences between males and
females regarding the mean calculated score for
each age group from the 12 age groups in the
study were found to be non-significant for most
age groups. However, in 12 specific age-domain
sub-groups, notably in the fine motor domain at
12 (p value: 0.02), 48(p value= 0.001), and 60(p
value=0.002) months of age, girls displayed
significantly higher scores compared to boys.
Additionally, girls exhibited significantly higher
scores in two age-domain subgroups, specifically
in the gross motor domain at 48 (p value= 0.01)
months of age and the communication domain at

60 (p value= 0.02). The findings suggest that
while the gender differences in mean scores were
not statistically significant for most age groups,
distinct patterns were observed in specific age-
domain  subgroups.  Girls  consistently
outperformed boys regarding mean scores in the
fine motor domain and at specific ages,
highlighting their superiority in these areas.
Furthermore, girls also displayed higher scores
in the gross motor domain at 48 and the
communication domain at 60 months of age,
indicating their advantage in these specific age-
domain sub-groups (Table 5).
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Table 5. Relationship between gender and development according to the calculated score. (* significant, ** very significant).

Q Q [T}
g : |2
3 s Speech and Gross Fine Problem Personal -
c
Communication | motor motor solving social
c Q c [} c [} (= Q c Q
§ | 5| 2|8 |52 |8 |92 3|8 |28 |92
€ > € > € > € > € >
o (=} Qo Qo o
2 mo. male 11 49.09 15.6 0.4 53.18 15.9 0.8 47.7 8.8 0.4 50.2 14.5 0.9 46.8 16.5 0.6
(31.4%)
female 24(68.6%) 50.6 4.24 54.17 5.1 50.8 2.43 50.4 9.67 49.5 3.56
total 35
4 male 12(46.2%) 50.8 17.3 0.1 55 9.4 0.2 52.92 10.9 0.2 52.5 8.7 0.5 50.42 8.4 0.2
mo. female 14 55 4.22 54.3 2.9 50 7.5 53.9 5.5 56.97 3.89
(53.8%)
total 26
6 male 10(37%) 56.5 4.69 0.4 53.8 6.4 0.1 57.7 6.4 0.4 57.7 6.5 0.2 52 6.2 0.2
mo. female 17 (63%) 57.3 8.67 56.8 10.6 54.7 6.5 54.7 6.1 54.7 6.1
total 27
9 mo. male 9 (36%) 51.1 8.2 0.2 50 8.3 0.1 50 7.5 0.1 51.1 7.6 0.5 51.1 6.6 0.3
female 16)(64%) 54.7 7.4 54 7.9 54.2 4.5 49.6 10.8 53.3 6.4
total 25
12 mo. male 12(42.9%) 56.7 7.1 0.4 56.4 4.7 0.1 51.6 6.3 0.02* 50.4 0.6 50 6.5 0.9
female 16(57.1%) 56.5 6.2 54.7 10.1 56.5 7.5 49.7 7.1 50.2 7
total 28
14 mo. male 5(33.3%) 49 10.9 0.3 50 13.7 0.2 50 8.3 0.5 53 5.1 0.07 50 7.4 0.2
female 10(66.7%) 54.5 5.7 57 6.2 47.5 6.2 47.5 14.9 55 7.6
total 15
18 mo. male 12(50%) 58.3 6.7 0.5 54.9 9.8 0.6 52.9 6.3 0.5 49.1 7.5 0.2 54.6 5.18 0.7
female 12(50%) 57 7.6 56.2 7.8 54.1 6.9 46.2 7.7 55 4.6
total 24
24 mo. male 13(46.4%) 54.6 5.4 0.5 50.3 6.3 0.08 53.8 5.1 0.02 54.2 6.2 0.3 56.6 5.6 0.3
female 15(53.6%) 53.6 10.3 47 12.8 49.4 9.9 52.3 13.7 55 11.6
total 28
30 mo. male 14(45.2%) 50.3 8.9 0.1 47 8.3 0.8 50.7 11.6 0.3 49.6 9.1 0.4 53.2 10.9 0.9
female 17(54.8%) 53.8 9.3 47.5 8 54 11.6 47.9 7.1 53.5 11.6
total 31
36 mo. male 15(42.9%) 55.6 14.2 0.6 53 5.4 0.1 56.6 7.9 0.9 48.6 10.3 0.3 55.6 8.7 0.8
female 20(57.9%) 57.3 7.9 50.7 10.9 56.5 13.1 45.8 13.2 55.2 9.7
total 35
48 mo. male 12(44.4%) 52.2 6.4 0.5 47.3 7.6 0.01* 58.7 4.6 0.001** 56.6 5.9 0.1 56.7 4.4 0.19
female 15(55.6%) 53.4 5.8 53.5 10.4 51.3 11.8 54 6.1 55.3
total 27
60 mo. male 14(48.3%) 54.6 4.9 0.02* 50.3 8.1 0.2 41.8 6.8 0.002** 43.6 8.2 0.1 58.9 2.4 0.7
female 15(51.7%) 58 2.1 53.3 7.8 48.7 7.7 47.3 9.7 59.3 23
total 29
Total 330
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Relationship ~ between  maturity  and
developmental delay: Of the 301 (91.2%)
children, 301 (91.2%) were born at term and 29
(8.8%) were born preterm. Among the term
babies, 295 (98%) were found to be normal, and
6 (2.0%) were found to be developmentally
delayed. For the preterm-born children, 2 (6.9%)
were developmentally delayed, while the
remaining 27 (93.1%) were normal. A chi-square
test showed no statistically significant
association  between preterm birth and
developmental delay (p value =0.9) (Table 6). It's
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worth mentioning that the corrected age was
used for preterm babies instead of the actual age.
When measuring the association between
maturity and development, no significant
differences were found in all five domains of
communication, gross motor, fine motor,
problem solving, and personal-social across all
12 age groups. This suggests that maturity and
development are not directly related and that
other factors may play a more significant role in
determining an individual's developmental
trajectory (Table 7).

Table 6. Relationship between maturity and developmental delay.

Development
Maturity Normal children No. | Delayed children No. TOth No p value
(%) (%) Gy
Term 295 (98) 6(2) 301(91.2)
Preterm 27 (93.1) 2(6.9) 29 (8.8) 0.9
Total 322(97.58) 8(2.42) 330
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Table 7. The relationship between maturity and development.
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Age Maturity | number Speech and Gross motor Fine motor Problem - solving Personal - social
(%) communication
mean | SD p mean | SD p mean | SD p mean | SD p mean | SD p
value value value value value

2 preterm 5(14.3%) 41 17.2 | 0.1 47 169 | 04 48 14.7 | 0.8 48.2 113 | 0.6 55 4.5 0.5
mo term 30(85.7% 54.3 7.4 52.8 14.9 49.3 7.6 49.6 9.1 51.5 10.2

total 35
4 preterm 2(7.7%) 55 7.0 0.6 57.5 2.5 0.2 52.5 2.5 0.3 50 10 0.1 55 2.5 0.3
mo term 24(92.3%) | 51.6 6.3 51.2 7.7 48,7 7.7 52.2 9.8 51.5 6.4

total 26
6 preterm 4(14.8%) 48.7 85 0.2 56.2 5.6 0.8 53.7 6.8 0.3 51.2 8.1 0.2 50 5.4 0.1
mo. term 23(85.2%) | 42.3 6.5 55.6 6.5 57.6 11.3 56.9 10.3 55.6 4.6

total 27
9 preterm 3(12%) 45 10.8 | 0.3 48.3 9.1 0.4 46.7 6.1 0.2 48.3 9.2 0.7 51.7 6.4 0.6
mo. term 22(88%) 54.7 10.9 53.4 9.9 52.3 8 50.5 10.3 49.8 11

total 25
12 preterm | 1(3.6%) 50 - - 55 - - 50 - - 55 - - 45 - -
mo. term 27(96.4%) | 57.8 15.2 54.4 15.1 50.7 11.9 49.1 7.4 49.2 8.4

total 28
14 preterm | O - - - - - - - - - - - - - - -
mo term 15(100%) 53.3 7.9 56 10.7 45.3 6.3 49.3 6.1 55 8.2

total 15
18 preterm 2(8.3%) 50 10 0.7 57.5 2.5 0.1 45 5 0.4 35 5 0.2 47.5 2.5 0.3
mo term 22(91.7%) | 53.5 9.3 45.5 10.6 50 10.4 46.6 10.6 53.2 5.8

total 24
24 preterm 3(10.7%) 38.3 20.1 | 0.4 36.7 23.2 | 0.6 45 21.2 | 0.6 36.6 26.2 | 0.4 41.6 225 | 04
mo term 25(89.3) 49 11.7 44 13.2 53.3 10.8 52.2 7.84 55.6 10.5

total 28
30 preterm 3(9.7%) 48.3 7.8 0.8 45 8.7 0.4 433 3.6 0.5 46.7 11.5 | 0.9 41.7 129 | 0.2
mo term 28(90.3%) | 49.6 4.2 49.6 4.5 44.8 9.4 45.5 2.6 56.2 4.5

total 31
36 preterm | 4(11.4%) 43.7 129 | 0.1 48.7 7.4 0.7 51.2 12.8 | 0.7 42.5 8.3 0.9 56.2 10.2 | 0.7
mo term 31(88.6%) | 57.6 8.8 47.5 6.2 53.8 3.3 42.7 4.5 58.5 0.8

total 35
48 preterm | O - - - - - - - - - - - - - - -
mo term 27(100%) 52.1 7.6 48.3 7.9 50 10.1 53.7 7.3 54.1 5.2

total 27
60 preterm 2(6.9%) 55 7 0.7 47.5 3.5 0.3 50 142 | 0.6 42.5 1.25 | 0.2 55 35 0.4
mo term 27(93.1%) | 52.6 6.6 51.6 8.1 435 8.9 44.8 9.5 58.5 5.8

total 29
Total | 330
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Relationship between consanguinity and
developmental delay: Regarding
consanguinity, of 330 children, 70 (21.2%)
were born to consanguineous parents, and 260
(78.8%) were born to non-consanguineous,
among the consanguineous group, 3 (4.3%)
were found to be developmentally delayed
while the remaining 67
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(95.7%) were not, in contrast, only 5 (1.9%)
children among the non-consanguineous group
were found to be developmentally delayed while
the remaining 255 (98.1%) were not. A chi-square
test showed no statistically significant association
between consanguinity and developmental delay (p
value = 0.7) (Table 8).

Table 8. Relationship between consanguinity and developmental delay.

Normal children Delayed development Total p value
no.(%) children no. (%)
+Vve consanguinity 67 (95.7) 3(4.3) 70(21.2%)
Ve consanguinity 255 (98.1) 5(L9) 260 (78.8%) 0.7
Total 322 (97.58) 8(2.42) 330 (100)

Discussion

The first years of a child's life are critical for
physical and cognitive development. As such,
it is imperative to establish a comprehensive
developmental monitoring and screening
program. In the current study conducted in
Diyala Province, Irag, the Arabic version of
the Ages and Stages Questionnaire, third
edition (ASQ-3), was used to screen for
developmental delay in children aged 2 to 60
months. There was a significant difference in
the number of children across different age
groups, with the 14-month age group having
the lowest number of children. In contrast, the
36-month and 2-month age groups had the
most children. The study found that among all
participating children, 8 were identified as
having DD, with a higher percentage in boys
than in girls (75% vs 25%), the prevalence of
developmental delay was 2.42% which is
comparable to a study conducted in Menoufia
Governorate, Egypt in 2017, which reported a
prevalence of 2.9%. However, the prevalence

of developmental delay in the present study was
lower than that reported in a study conducted in
Iran in 2017 on 500 children aged 4 to 60 months
8.5% (11), and in multiple primary health care
centers in Saudi Arabia in 2020 on 948 children
16.4% (12,13). The speech and communication
domain had the highest number of delayed children,
2.4%, in the present study. This finding is
consistent with a study conducted in Saudi Arabia,
where the speech and communication domain was
found to have the highest prevalence of delayed
children, 3.8% (13). However, in a study conducted
in Iran 2011 on 114 children, the speech and
communication domain had the highest prevalence
of developmental delay, 20% (14). The percentage
of children in the gray area who need monitoring
regarding speech and communication was 0-16.1%,
the highest percentage was found in the 30-month
age group. Regarding the gross motor domain, the
percentage of delayed children was 1.8%. This
finding is inconsistent with a study conducted in
Cairo, Egypt, which reported a prevalence of 3.11%
in gross motor skills (15). The percentage of
children in the gray area who need monitoring
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regarding gross motor (0-22.6%), the highest
percentage was found in the 30-month age
group. The differences in prevalence could be
attributed to various factors, such as variations
in the screening tool used, differences in
sample sizes, or disparities in cultural factors.
It is worth noting that cultural beliefs can
influence parental priorities and expectations
regarding child development. For example, in
some cultures, motor development milestones
like sitting and walking may be considered the
most critical indicators of a child's health,
leading parents to focus more on helping their
children develop these skills. In contrast,
other cultures may emphasize early sociability
and speech, considering children who are
sociable and talk early as clever and healthy.
Consequently, parents in these cultures may
prioritize fostering these skills in their
children (16). Regarding the fine motor
domain, the percentage of delayed children
was 1.8%. This finding is consistent with a
study conducted in Saudi Arabia, which
showed the prevalence of developmental
delay in fine motor skills of 1.9% (13).
Moreover, it is nearly consistent with a study
conducted in Cairo, Egypt, which reported a
prevalence of 1.04% delay in fine motor skills
(15). The highest percentage of children in the
gray area who need monitoring regarding fine
motor skills (0-20.7%) was found in the 60-
month age group. In the problem-solving and
personal-social domains, the prevalence of
developmental delay was 1.8% for both. This
finding is nearly approximate to the study
conducted in Cairo, Egypt, which reported an
average prevalence ranging from 1.04% to
3.11%. The percentage of children in the gray
area who need monitoring regarding problem
solving (3.8-20.7%) and personal-social (3.8-
34.5%), the highest percentage was found in
the 60-month and 30-month age groups,
respectively.
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Most children scored within the white area on the
ASQ-3, indicating age-appropriate development.
However, a significant proportion fell into the gray
area, suggesting potential areas of concern
requiring further assessment. The highest
percentages of children in the gray area varied
across domains and age groups: communication
and gross motor (30 months), fine motor and
problem-solving (60 months), and personal-social
(30 months). These findings emphasize the
importance of targeted monitoring and further
evaluation for children in the gray area to ensure
timely intervention. In terms of gender differences,
there were no significant gender differences across
most age groups when considering various
domains. However, we did observe notable patterns
in specific age-domain subgroups. Specifically,
females exhibited significantly higher scores than
males in the fine motor domain at 12 and 60
months, while males at 48 months had higher
scores than females. Additionally, females had
significantly higher scores in the gross motor
domain at 48 and the communication domain at 60
months of age. These findings indicate that while
gender differences in mean scores were not
statistically significant for most age groups, distinct
variations were observed in specific age-domain
subgroups. A related study by Sajedi and
colleagues found similar trends, where the gender
differences were mainly non-significant across
most age-domain subgroups. However, in 20 age-
domain  subgroups, females demonstrated
significantly higher scores than males, particularly
in the personal-social and fine motor domains, and
at 36 and 48 months of age. On the other hand,
males had significantly higher scores in two age-
domain groups, specifically in the gross motor
domain at 20 and 22 months of age (17). The
findings in previous studies differ from those
reported by Richter and Janson in their studies
conducted on a Norwegian sample of children
using the ASQ. Richter and Janson found that, on
average, girls had a higher developmental stage
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than boys in all areas except for gross motor
function, where no significant differences
were observed (18,19). On the other hand, a
study by Kapci showed that there were no
significant ~ developmental differences
between females and males. However, there
were two exceptions, namely the 24-month
personal-social development domain and the
42-month communication domain, where
gender differences were observed (20). The
observed differences across populations in
various studies may be attributed to several
factors. Some studies include gross
developmental disorders in their prevalence
statistics, while others do not. Different
studies may focus on different age ranges,
leading to developmental patterns and
outcomes variations.  According to the
association between maturity  and
development  across  five  domains:
communication, gross motor, fine motor,
problem solving, and personal-social. Our
findings revealed no significant differences in
these domains across all 12 age groups. This
result aligns with a study conducted in central
Iran, which found no association between
ASQ domains and premature birth (21). The
findings are consistent with a study conducted
at the University of Minnesota, which
concluded that no significant correlation
exists between maturity and development in
any of the five domains (22). Therefore, based
on the results of this study, it can be concluded
that there is no substantial association
between maturity and development in the
assessed domains. This study had no
significant relationship between
consanguinity and child development in
healthy children under five (p-value of 0.9).
These results align with several previous
studies that reported no significant
relationship between consanguinity and child
health and development (24). However, it is
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essential to note that other studies have reported
significant adverse effects of consanguineous
marriages on child health and well-being (25).
Notably, the detrimental effects of consanguineous
marriages on child health seem to be more
prominent in low-income and developing countries
(26). 1t should also be acknowledged that the risks
associated with consanguineous marriages extend
beyond child health outcomes, encompassing the
potential for genetic disorders and disabilities (27).
Nevertheless, it is essential to consider the
limitations of this study, including its use of cross-
sectional data, which restricts the ability to
establish causality, as well as the limited
geographical scope of the study sample, potentially
limiting the generalizability of the findings.
Consanguinity has an important role in autosomal
recessive disorders, which were excluded from the
study, and this might make consanguinity not a
significant factor in this study.

Conclusion

The prevalence of developmental delay in healthy
children aged 2 to 60 months in Diyala Province,
Irag, was 2.42%. Some children were in a critical
area and needed further evaluation, monitoring, and
management to avoid progressing to developmental
delay. There was no effect of maturity on
development, and no significant association
between consanguinity and developmental delay.
Early intervention is essential for children with
developmental delays.

Recommendations

It is crucial to promote the timely identification and
intervention for children with developmental
delays in Diyala Province, Iraq, to help all children
reach their full potential. Well-trained personnel
should screen children during routine health visits
to identify those at risk. The government and
stakeholders must ensure access to early
intervention services. Introducing a validated,
standardized assessment tool like the ASQ3 (Ages
and Stages Questionnaire) in health centers for
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routine  developmental  screening  is
recommended. Additionally, a special clinic
or committee should be established within the
neuropediatric consultation unit to evaluate,
follow up, and manage children with
developmental delays. Lastly, further research
should investigate risk factors, including
socioeconomic influences, contributing to
children being at risk for developmental
delay.
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Abstract

Background: Helicobacter pylori and matrix metalloproteinase-9 (MMP-9)
play a significant part in the pathophysiological processes and expression of
carcinogenesis, particularly in laryngeal Squamous Cell Carcinoma (LSCC).
Objective: Explore the link between the H. pylori bacterium, MMP-9
expression, and laryngeal squamous cell carcinoma development by
examining the role of chronic inflammation and extracellular matrix
remodeling in laryngeal carcinogenesis.

Patients and Methods: This cross-sectional study recruited 118 tissue
samples, including 58 malignant LSCC and 60 benign laryngeal polyps (BLP).
Histopathological and immunohistochemical methods were used to assess the
interplay of H. pylori, MMP-9, and smoking status in laryngeal tumors.
Results: The prevalence of H. pylori was significantly higher in malignant
lesions (63.79%) as compared to benign lesions (51.66%) (p=0.1). A
significant correlation was found in patients with benign lesions between the
level of MMP-9 and smoking and H. pylori status (r = 0.46, p = 0.001), and (r
= 0.5, p = 0.001), respectively. While in patients with malignant lesions, the
correlation test revealed a significant negative correlation between the level of
MMP-9 and smoking status (r = -0.41, p 0.001), while H. pylori is a highest
positively correlated with MMP-9 expression (r = 0.5, p = 0.001). The logistic
regression analysis revealed that H. pylori infection could significantly predict
high MMP-9 expression (OR =3.08, 95% ClI: 1.15-8.28, p = 0.02).
Conclusion: These findings highlight the crucial role of H. pylori infection
and smoking in tumor progression through MMP-9-mediated extracellular
matrix remodeling, inflammation, and immune modulation. Suggesting the
potential impact of targeting H. pylori infection and MMP-9 activity for
managing carcinogenesis.

Keywords: Helicobacter pylori, MMP-9, Laryngeal squamous cell
carcinoma, Benign laryngeal polyps.

Laryngeal squamous cell carcinoma (LSCC) is the prevalent malignancy of the larynx, comprising a
significant part of head and neck cancers. It is the second most common malignancy in the upper
respiratory tract after cancer of the lung (1). LSCC accounts for over 95% of all laryngeal
malignancies (2). This cancer arises from the epithelial cells of the larynx and is associated with
various risk factors, including exposure to environmental toxins, smoking, and alcohol consumption
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(3). Smoking, in particular, is a major contributor
to head and neck cancers, introducing
carcinogens that lead to DNA damage, oxidative
stress in respiratory epithelial tissues, and chronic
inflammation. Additionally, lifestyle factors and
chronic infections, notably Helicobacter pylori
(H. pylori), have been involved in the
development of LSCC (4). Smoking introduces a
range of toxic substances that further irritate the
mucosal lining, leading to chronic inflammation
and increased susceptibility to infections.
Synergistic effects of H. pylori infection,
smoking, and chronic inflammation play an
essential role in the progression of LSCC (5). H.
pylori is a gram-negative organism, ordinarily
known for its role in gastric diseases. Recent
research suggests that H. pylori can also be found
in the saliva, calculus, lymphoid tissue of the
pharynx, nose, and sinus, oropharyngeal
aphthous, discharge of the tympanic cavity, and
larynx (6,7). It has been found in the upper
aerodigestive tract and is supposed to play a role
in inflammation-induced carcinogenesis in the
larynx (8). Gastroesophageal reflux disease and
laryngeal reflux cause an acidic environment for
the larynx, where H. pylori can live. Due to its
chronic inflammatory effect, H. pylori can lead to
chronic illness and malignant tumor formation in
the larynx (9). Thus, H. pylori's damage to the
laryngeal protective layers, such as the mucosa
and the epithelium, leads to inflammation, which
later on could lead to chronic irritation also,
abnormal proliferation, the result in laryngeal
pathology that can range from a subtle
inflammatory process to the most extreme
malignant transformation of the cells (10). Matrix
metalloproteinases (MMPs) are key regulators of
metastatic processes. Their expression and
activation have been implicated in various
pathological events, including tumor invasion,
inflammation, and metastasis. Among the MMP
family, matrix metalloproteinase - 9 (MMP-9) is
notably in relation to tumor development and
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progression (11). Matrix metalloproteinase

(MMP) is a proteolytic metalloenzyme that is
dependent on zinc. MMP-9 has a big role in
pathophysiological processes and can break
down extracellular matrix (ECM) components.
Numerous illnesses are linked to MMP-9
overexpression and dysregulation. Therefore,
controlling and inhibiting MMP-9 is a crucial
therapy strategy of battling a number of illnesses
involving cancer (12). The tumor in LSCC
features excessive tissue and inflammation,
processes strongly affected by the activity of

protease enzymes like Matrix
Metalloproteinase-9. MMP-9 is the enzyme
responsible for the degradation of the
extracellular ~ matrix, especially  IV-type

collagen, a major component of basement
membranes (13). In cancer, the unorganized
MMP-9 expression is linked with tumor
metastasis and angiogenesis, enabling cancer
cells to breach the basement membrane and
tissues (14). The study aims to explore the link
between H. pylori infection, MMP-9 expression,
and the initiation of laryngeal squamous cell
carcinoma by examining the role of chronic
inflammation and matrix remodeling in
laryngeal carcinogenesis. Awareness of these
interactions could provide worthy insight into
the pathogenesis of laryngeal carcinoma and the
way for new therapeutic strategies for managing
this aggressive malignancy.

Patients and Methods

Specimens’ collection: This cross-sectional
study involved tissue samples acquired from 118
paraffin-embedded archived blocks from July
2024 to October 2024 at Educational
Laboratories of Medical City, Al-Yarmouk
Teaching Hospital, and private laboratories.
These samples were divided into two groups.
The first group consisted of 58 patients (47 males
and 11 females) suffering from laryngeal
squamous cell carcinoma (LSCC) (mean age
56.32 years) and was divided into two groups: 24
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smokers and 34 non-smokers. The second

group consisted of 60 patients (40 males and 20
females) suffering from benign laryngeal polyps
(BLP) (mean age of 50.32 years), who included
23 smokers and 37 nonsmokers. The study
focused on patients complaining of laryngeal
squamous cell carcinoma and benign laryngeal
polyps, and those who had received antibiotics or
treatment to eradicate H. pylori before tissue
collections were excluded. Any comorbid
condition, such as diabetes or
immunocompromised, is also excluded. Archival
specimens of lousy quality or insufficient for
analysis, such as small biopsy material, damaged
tissues, or incomplete data, were excluded. The
diagnosis was reaffirmed histopathologically by
reviewing newly prepared hematoxylin and
eosin-stained slides held in the research
laboratory of the College of Medicine /
Mustansiriyah University and the Educational
Laboratories of Medical City.

Histological evaluation for detection of H.
pylori infection: To determine whether or not H.
pylori was found in the larynx tissue specimens,
a histopathological examination was performed
using standard methods, including the Giemsa
stain, to diagnose the specimen and to identify the
H. pylori, as well as immunohistochemical
analysis for H. pylori and MMP-9. The diagnostic
criteria for malignant and benign biopsies depend
on histopathological examination, which
includes examining the tissue under a microscope
to evaluate cellular structure, morphology, and
other criteria. Each Dblock of paraffin was
sectioned into a thickness of 4 micrometers.
Three sections were taken from blocks: one was
stained with hematoxylin and eosin for
histopathology review, and the other two were
placed on positively charged slides (Fisher brand)
and stained with anti- H. pylori and anti-MMP-9
monoclonal antibodies using
immunohistochemical techniques. Two separate
pathologists re-evaluated the hematoxylin and
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eosin (H and E-stained sections) to determine the
morphological kinds of the tumor, the grade, and
other criteria.

Immunostaining for the detection of H. pylori
infection: For the immunohistochemical
examination of H. pylori, polyclonal antibodies
against H. pylori obtained from rabbits were
used (Abcam/UK code (ab20459) 1:100). On the
other hand, antibodies against human MMP-9
and polyclonal antibodies [Abcam/UK code,
anti-MMP-9 antibody (ab73734)] were used.
The detection of gene expression by utilizing
monoclonal antibodies specific to a particular
gene is regarded as the fundamental premise of
the immunostaining method, which is used to
identify a particular protein in normal, benign,
and cancerous cells. These antibodies could bind
to the nuclear targets found in the cytoplasm.
The detection of bounded primary antibodies,
which is achieved by conjugating secondary
antibodies with a particular chromogen (3, 3-
diaminobenzidine, DAB), results in the
formation of brown-color sediment at the
antigen position in tissue that indicates a positive
response. In the peroxidase secondary detection
technique, a positive response is shown when
brown products react at the location of the target
antigen. This reaction is connected with the
appearance of the brown products. After that, the
cell was stained with a counterstain to produce a
blue color.

Scoring: After seeing 10 different fields with a
high-powered microscope, the
immunohistochemistry (IHC) signaling data
were analyzed (100x). By dividing the number
of stained cells in each field by the total number
of cells in each field across all 10 fields, we were
able to determine the percentage of positively
stained cells in each of these fields using the
formula below: mean percentage of the stained
cells across all 10 fields.

Evaluation of  Immunostaining:
immunostaining was performed by an

The
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independent histopathologist who was blinded to
the clinical diagnosis of the tissues at the time of
evaluation and expression of H. pylori (Negative,
meaning no expression) and (Positive, meaning
there was expression) (15, 16). When the tissue's
IHC signaling values were more than 10% of
total tumor cells, it was determined that the tissue
contained MMP-9 (17, 18).

Statistical analysis

Diyala Journal of Medicine

Data were analyzed using an accessible statistical
program, SPSS-28 (Statistical Packages for
Social Sciences- version 28). Data analysis was
carried out, and the results were presented as the
mean and standard deviation, while categorical
variables were presented as percentages. For
comparing two independent groups, T-tests were
used, or the ANOVA was employed to observe
the statistical differences between more than two
independent variables. Pearson's Chi-square
statistic was used to analyze the percentage
differences (qualitative data). To investigate the
nature of the connection between the variables,
qualitative correlation coefficients (r) were
calculated. The prediction of lesion type (benign
vs. malignant) and high MMP-9 was performed
through Logistic regression analysis. The results
are presented as beta coefficients and odds ratios
with a 95% confidence interval. The P-value <
0.5 was considered statistically significant.

Results

H. pylori Expression in Benign and Malignant
Lesions: Presence of H pylori protein expression,
which was measured and confirmed by
immunohistochemistry, was heterogeneous dark
brown staining in the tissue that was revealed in
Figure 1A and Figure 2A in 37 (63.79%) of the
malignant lesions and 31 (51.66%) of the benign
polyps, as shown in Table 1. The mean age group
of patients with malignant lesions was 56.32 +
9.8 SD, while those with benign lesions were
50.32 + 8.3 SD, with significant differences.

Regarding sex distribution, a higher prevalence

ORIGINAL RESEARCH
Published: 25 April 2025
DOI: 10.26505/djm.v28i1.1250

rate of males was evident in both groups, 47

(81.03%) in patients with malignant lesions and
40 (66.66%) in benign polyps, as illustrated in
Table 1. Table 2 demonstrates a combined
analysis using chi-square and Pearson
correlation, which was done to evaluate the
association between demographic features
(independent variables: age, sex, and smoking
status) and H. pylori infection (dependent
variable) in patients who have malignant
squamous cell carcinoma. The Age didn’t show
any significant association with H. pylori
infection regarding < 50 years and ages > 50
years in terms of H. pylori positivity (p = 0.46),
also a weak non-significant positive correlation
was observed (r = 0.15, p = 0.25). No significant
correlation was seen between sex and H. pylori
infection (p = 0.85, r =-0.09, p = 0.49). Smoking
status was significantly correlated with H. pylori
infection (p = 0.008, r = -0.46, p =0.001). Table
3 evaluates the association  between
demographic features (independent variables:
age, sex, and smoking status) and H. pylori
infection (dependent variable) in patients who
have benign lesions. There was no statistically
significant association between age and H. pylori
infection (p = 0.404, r = 0.04, p = 0.76) and sex
(p = 0.428, r = -0.07, p = 0.6). A significant
positive correlation was illustrated between
smoking status and H. pylori infection (p =
0.036, r = 0.36, p = 0.004).
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Table 1. Comparative analysis of H. pylori infection in benign and malignant lesions. N.S.: not significant (p >

0.05).

Variable No. Mean age Male Female H. pylori H. pylori
(118) (year) +£SD positive Negative

Malignant 58 56.32+9.8 47 11 37 21
lesion (81.03%) (18.96%) (63.79%) (36.20 %)

Benign lesion 60 50.32+8.3 40 20 (33.33%) 31 29
(66.66%) (51.66%) (48.33%)

P value p <0.05 0.07 NS NS 0.1 NS N.S

Table 2. Chi-Square and Pearson correlation analysis of demographic features with Helicobacter pylori in malignant
squamous cell carcinoma lesions. *Chi-square for independence, the p-value is less than 0.05, indicating a significant
correlation. # Pearson Correlation Coefficient Measures linear relationship strength and significance at (p < 0.05).

Demographic No. 58 H. pylori H. pylori P value Pearson
features Positive (37) Negative (21) (Chi- correlation
square) coefficient

P-value

Age. (Years
<50 22 (37.93%) 12 (32.43%) 10 (47.61%) 0.46 r=0.15
>50 36 (62.06%) 25 (67.56%) 11 (52.38%) p=0.25
Sex
Male 47 (81.03%) 31 (83.78%) 16 (76.19%) 0.85 r=-0.09
Female 11 (18.96%) 6 (16.21%) 5 (23.80%) P=0.49
Smoking status

Smoker 24 (41.37) 9 (24.32%) 15 (71.42%) 0.008* r=-0.46

Non-smoker 34 (58.62%) 28 (75.67%) 6 (28.57%) p=0.001#

Table 3. Chi-Square and Pearson correlation analysis of demographic features with helicobacter pylori infection in
benign lesions. *In the Chi-square test for independence, the p-value was less than 0.05, indicating a significant
correlation. # Pearson Correlation Coefficient Measures linear relationship strength and significance at (p < 0.05).

Demographic No. 60 H. pylori H. pylori P value Pearson
features Positive (31) Negative (Chi- correlation
(29) square) coefficient

P-value

Age. (Years)

<50 26 (43.33%) 12(38.70%) 14 (48.27%) 0.404 r=0.04

> 50 34 (56.66%) 19(61.29%) 15 (51.72%) p =0.76 NS
Sex

Male 40 (66.66%) 22 (70.96%) 18 (62.06%) 0.428 r=-0.07

Female 20 (33.33%) 9 (29.03%) 11 (37.93%) p=0.6 NS
Smoking status

Smoker 23 (38.33%) 15 (65.21%) 8 (34.78%) 0.036* r=0.36

p = 0.004%
Non-smoker 37 (61.66%) 16 (43.24%) 21 (56.75%)
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MMP-9 Expression in Benign and Malignant
Lesions: An analysis assessed the link between
MMP-9 expression as the dependent variable and
independent variables as age, sex, smoking, and
H. pylori status in patients with malignant
lesions. No significant differences in MMP-9
expression with weak, non-significant negative
correlation were observed between aged < 50
years and aged > 50 years (p > 0.05,r=-0.2, p >
0.05, respectively). The expression of the mean
percentage of MMP-9 did not significantly differ
between males and females, with weak and no
significant correlation (p > 0.05, r = -0.2, p >
0.05, respectively). Smoking status and H. pylori

infection significantly affect the level of MMP-9

expression, imposing a higher significant
increase in MMP-9 expression in the smokers’
group and patients with H. pylori compared to
non-smokers and patients with no H. pylori (p =
0.02 and p = 0.001, respectively). Pearson
correlation test revealed a significant negative
correlation between the level of MMP-9 and
smoking status (r = -0.41, p < 0.001), while H.
pylori is a highest positively correlated with
MMP-9 expression (r = 0.5, p = 0.001) as seen
in Table 4. MMP-9 protein expression was
measured by immunohistochemistry. The tissue
has heterogeneous dark brown staining, as
shown in Figure 1 B.

Table 4. Association between MMP-9 expression (% positivity) and clinical variables in the malignant lesions. ~t-
test for independence, the p-value was less than 0.05, indicating a significant correlation. # Pearson Correlation
Coefficient Measures linear relationship strength and significance at (p < 0.05).

Variables No. 58 MMP-9 T-test Pearson Correlation
Expression P value Coefficient
Mean + SE % P-value
Age (year)
<50 22 (37.93%) 43.29+£6.3 P=0.438 r=-0.2
P=0.13
>50 36 (62.06%) 53.75+24
Sex
Male 47 (81.03%) 5244 +1.38 P=0.91 r=-0.2
P=0.12
Female 11 (18.96%) 53.18 + 6.54
Smoking status
Smoker 24 (41.37%) 57.91 + 3.06 P=0.02" r=-041
P =0.001%
Non-smoker 34 (58.62%) 48.82+2.21
H. pylori status
H. pylori Positive 37 (63.79%) 58.92+ 1.95 P =0.001" r=0.59
H. pylori Negative 21(36.20%) 41.43+2.54 P =0.001*
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Figure 1. Immunohistochemical staining (IHC) of anti-H. pylori and MMP-9 proteins in the tissue of LSCC.
Staining by DAB chromogen (dark brown) counterstained with H&E. (A) positive anti-H. pylori immunostaining

(X400). (B) Positive MMP-9 immunostaining. (X400).
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Table 5 demonstrates the results that assessed the
link of MMP-9 expression as the dependent
variable with the other characteristics that
represent independent variables: age, sex,
smoking, and H. pylori status in patients with
benign lesions. No statistically significant
differences in MMP-9 expression with weak,
non-significant  positive  correlation  were
observed between aged < 50 and aged > 50 years
(p > 0.05, r = 0.14, p = 0.2, respectively). The
mean expression of MMP-9 did not significantly
differ between males and females, and no
significant correlation (p > 0.05,r=0.02, p =
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0.83, respectively). Smoking and H. pylori status
significantly affect the level of MMP-9
expression, imposing a higher significant
increase in MMP-9 expression in smokers and
patients with H. pylori compared to non-smokers
and patients with no H. pylori (p = 0.001).
Pearson correlation test revealed a significant
correlation between the level of MMP-9 and
smoking and H. pylori status (r = 0.46, p=
0.001), and (r = 0.5, p = 0.001), respectively.
Figure 2B demonstrates MMP-9 protein
expression in dark brown staining in the tissue.

Table 5. Association of MMP-9 expression and clinical variables in the benign lesion. ~t-test for independence, the
p-value was less than 0.05, indicating a significant correlation. # Pearson Correlation Coefficient Measures linear

relationship strength and significance at (p < 0.05).

Variables No. 60 MMP-9 Expression P value Pearson Correlation
Mean + SE % Coefficient
P-value
Age (year)
<50 26 (43.33%) 43.07+2.6 P=0.2 r=0.14
P=0.2
> 50 34 (56.66%) 46.91+2.2
Sex
Male 40 (66.66%) 455+20 P=0.84 r=0.027
P=10.83
Female 20 (33.33%) 44,75+ 3.0
Smoking status
Smoker 23(38.33%) 53.04+1.9 r=0.46
P=0.0017 P=0.001%
Non-smoker 37 (61.66%) 4041+21
H. pylori status
H. pylori Positive 31 (51.66%) 5258+1.9 r=0.57
P=0.0017 P=0.001%
H. pylori Negative 29 (48.33%) 374120
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Figure 2: Immunohistochemical staining (IHC) of anti - H. pylori and MMP-9 proteins in the tissue of BLP.
Staining by DAB chromogen (dark brown) counterstained with H&E. (A) Positive anti-H. pylori immunostaining

(X400). (B) Positive MMP-9 immunostaining. (X400).

Logistic Regression Analysis: Table 6 presents
the results of two logistic models, one for
predicting lesion types and the second for
predicting high MMP-9 expression. These
models were used to estimate the odds ratio (OR)
and coefficients using age, sex, smoking, and H.
pylori status as independent variables and both
lesion type and MMP-9 level as dependent
variables. To predict malignant lesions, none of
the predictors reached the significant level,

although the male sex approached the effect
(p=0.07, OR=3.63, 95% CI: 0.9-14.3). The first
model had a strong R2 of 0.56, which can
explain more than half of the variance in the
lesion types by the predictors. While the second
model assesses the prediction of high MMP-9
level expression, only H. pylori significantly
predicts the increase in MMP-9 expression
(p=0.02, OR=3.08, 95% CI: 1.15-8.28). The
model had a limited explanatory power of R2 of
0.09.

Table 6. Logistic regression for predicting lesion type and high MMP-9 expression. p-value < 0.05 is statistically
significant. odds ratio (OR) > 1 shows a positive association, and < 1 shows a negative association. Confidence interval

(CI) at 95% and nagelkerke R-squared values.

Variables Lesion Type High MMP-9
B (SE) P value OR 95% CI B (SE) P OR 95% CI
value
Age (> 50) 0.64 (0.49) 0.19 1.89 (0.71-4.96) -0.34 (0.5) 0.5 0.71 (0.26-1.95)
Sex (Male) 1.29 (0.72) 0.07 3.63(0.9-14.3) -0.08 (0.6) 0.89 0.9 (0.72-3.16)
Smoking (yes) -0.43 (0.67) 0.5 0.65 (0.18-2.3) -0.5 (0.5) 0.3 0.58 (0.2-1.7)
H. pylori 0.84 (0.55) 0.12 2.3(0.8-6.61) 1.13 (0.51) 0.02* 3.08 (1.15-8.28)
(Positive)
Model Fit (R?) 0.558 0.093
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It is important to explore the associated risk of
laryngeal carcinoma and find novel methods and
approaches to its prevention and treatment. For
many years, there has been debate on the
potential link with H. pylori and laryngeal and
pharyngeal carcinomas. Several investigations
have been conducted to illustrate this cause-and-
effect relationship. This work studied the
relationship between benign and malignant
larynx conditions with H. pylori and smoking, in
addition to the age and sex of the sample. The
cases of malignant laryngeal tumors show more
association with H. pylori infection than benign
lesions, which suggests that this is statistically
significant. This means H. pylori might be
associated with malignant tumor formation. H.
pylori, a colonizing bacterium that is found in the
gastric in addition to the laryngeal mucosa, tonsil,
and saliva, is linked to specific diseases and can
survive in acidic environments (5, 6). This has
been supported by many researchers (8).
However, it was against a study that postulated
no differences among the cases of H. pylori and
malignancy (9). Gastroesophageal reflux disease
and laryngeal reflux cause an acidic environment
for the larynx where H. pylori can live and lead
to chronic illness and malignant tumor formation
in the larynx due to its chronic inflammatory
effect (19). Thus, the effect of H. pylori to
damage the laryngeal protective layers, such as
the mucosa and the epithelium, leads to
inflammation and later on could progress to
chronic irritation with abnormal proliferation, in
laryngeal pathology that can be a subtle
inflammatory process to the most extreme
malignant transformation of the cells (20). There
is a significant relationship between smoking
status and H. pylori in cases of squamous cell
carcinoma of the larynx, where smokers tend to
have an increased proportion of H. pylori-
negative results, and the Pearson correlation
shows a moderate negative relationship between
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smoking and H. pylori infection. That suggests
the smoking may reduce the likelihood of H.
pylori in patients with malignant tumors of the
larynx. This is supported by the study of Ferro et
al. (21). Smoking leads to reduced H. pylori
infection through several mechanisms: nicotine
can lead to reduced gastric acid secretion, which
creates an unfavorable environment for H.
pylori, another mechanism is changing in the
microbiota in the stomach that is useful for H.
pylori in addition to its main effect on the
immune system where it leads to immune
suppression, but also smoking results in the
organized of proinflammatory cytokines for
example IL-6, TNF-a and IL-1B. Chronic
inflammation can promote gastric mucosal
damage and repair processes that may make the
stomach less conducive to H. pylori survival,
especially in gastric ulceration or carcinoma,
where significant damage to the stomach lining
may occur (11, 22). In benign lesions of the
larynx, there is a significant positive role for
smoking on H. pylori; smoking was associated
with higher H. pylori-positive cases in
comparison to non-smokers. This finding is
supported by Bateson (23). Relating to the
results as mentioned earlier, the bimodal
smoking effect on benign and malignant lesions
might be explained by a complex interplay
between smoking, the immune system, the
gastric environment, the laryngeal environment,
and the type of lesion. Nicotine’s effect on
cellular immunity, especially T cell response,
can be summarized in the impairment of the
immunity and shift of Th1-IFNy response
(necessary in controlling bacterial infection) to
Th2, which may reduce the effectiveness in
eradicating H. pylori. The immune system's
inability to clear the infection due to nicotine's
immunosuppressive effects could increase the
risk of prolonged inflammation. This persistent
inflammation caused by smoking may encourage
H. pylori infection in benign conditions (24).
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However, in malignant lesions, smoking causes
damage to the tissue. It reduces the immune
system due to the effect of cancer, making the
environment less favorable for the organism's life
(25). Targeting prevention and treatment
strategies for gastric diseases linked with
smoking and H. pylori can be made easier with
an understanding of these dynamics. This is one
of the areas that needs to be studied by other
researchers to explain in more detail the exact
way smoking affects H. pylori prevalence. For
both the benign and malignant laryngeal lesions,
gender does not have a significant effect on H.
pylori. However, the aging significantly affect
results, it is clear that immune system behavior
different at aging and a decline with two types of
immunity (the adaptive and the native), which
makes a person more vulnerable to infection by
many organisms, and one of them is H. pylori and
the infection, inflammation consequences of
having tissue changes and finally progression to
cancer (26-28). Moreover, a significant positive
correlation exists between smoking habit and H.
pylori with MMP-9 expression in laryngeal
malignancy, where smoking and H. pylori
infection are associated with a higher chance of
having MMP-9 expression. These results agree
with the study described by Montiel-Jarquin et al.
(12), who also found an increase in MMP-9
expression with smoking. The finding of
increased H. pylori with MMP-9 expression in
cancer is confirmed by the study of Liu et al. (22).
Gelatinases, particularly MMP-9, play important
functions in several inflammatory processes
associated with malignancies. MMP-9 affects the
tumor environment that favors tumor overrun and
metastasis through the effect on the inflammatory
cells and their mediators by the cleaving of
interleukin-2a  (IL-2a), shed intercellular
adhesion molecule-1 (ICAM-1), and activate the
transforming growth factor (TGF-f), all of them
are linked to negative regulation of the
immunological response to cancer which all
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cause tumor growth (28). In addition, MMP-9
influences macrophage polarization to M2
(tumor-activating pathway). The M2 phenotype
is crucial for tissue healing, remodeling, and
immune tolerance, but its dysregulation can
contribute to tumor progression, chronic
inflammation, and  fibrosis (29). M2
macrophages, which are enriched in tumors,
secrete a variety of cytokines (IL-10, TGF-B)
that can inhibit immune responses (anti-tumor)
and promote cancer cell proliferation (12). This
immune suppression, coupled with ECM
degradation and tissue remodeling, creates a
microenvironment that supports tumor survival,
growth, and metastasis. Also, it facilitates the
interaction between tumor cells and fibroblasts
by breaking down ECM proteins, allowing
cancer cells to access growth factors, like
vascular endothelial growth factors (VEGF), and
fibroblast growth factors (FGFs), that are often
sequestered within the ECM. This enhances
tumor cell survival, proliferation, and motility;
besides these, MMP-9 can affect processing of a
novel vessel formation (angiogenesis), which
has a significant role in tumorigenesis by
degrading the ECM and allowing new vessel
formation. As a result, more oxygen and
nutrients are delivered to the tumor (29).
Helicobacter pylori’s effect on the immune
system and immune mediator release, like IL-1p,
IL-8, TNF-a, and IL-6, can progress to chronic
irritation of the tissue and dysplasia of the
mucosal lining cells. At the same time, it can
evade the immune cells through the modulation
of both regulatory and helper 17-T cells, which
allows it to persist in the mucosal lining and
causes chronic inflammation and tumor
formation. Also, reactive oxygen species cause
mutagenic effects on the DNA, with
carcinogenic effects. The most virulent factor of
H. pylori is the CagA protein that causes cell
evasion of apoptosis and loss of epithelial-
mesenchymal transition and cell survival
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through the release of EGF. All of these factors
favor cell growth and cancer formation. Tumor
invasion and metastasis with more control over
the malignant lesion and better survival (19).

Diyala Journal of Medicine

Even in benign larynx lesions, smoking and H.
pylori show a positive correlation with MMP-9
expression. These findings were in agreement
with the study of Koyama (30), and there was no
effect of age and sex on the level of expressivity.
The logistic regression analysis further supported
these findings, showing that only H. pylori
infection emerged as a significant predictor of
having high MMP-9 expression with an odds
ratio of 3.08 (95% CI: 1.15-8.28), suggesting that
this bacterial infection could increase the risk of
having high MMP-9 over three times than non-
infected individuals. While age, sex, and
smoking did not predict the increase in MMP-9,
indicating they are less likely to confound this. In
the other model that predicts lesion type
(malignant vs. benign), none of the predictors
achieves a significant level. Still, the male sex
(p=0.07) and H. pylori (p=0.1) approach support
the impact of this bacterium in laryngeal
carcinogenesis (6, 31-33). Although the model
was fit for the prediction of lesion type
(R2=0.558), its clinical utility is limited because
of the lack of significant prediction for the
variables. However, it still offers a view of the
analytic process, suggesting a validation through
a larger, more powerful study. By focusing on
these factors, clinicians can better identify at-risk
individuals and tailor preventive or therapeutic
interventions to improve patient outcomes.

Conclusions

This study highlights the aggravating effect of
smoking and H. pylori infection on MMP-9
expression, particularly in malignant cases,
suggesting  their involvement in  tumor
progression and highlighting the importance of
these factors in preventing and management
strategies.
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Recommendations

Targeting MMP-9 through immunomodulatory
therapies or its natural inhibitors shows a
promising strategy for controlling tumor
invasion and metastasis. Preventing measures,
including avoiding smoking and eradicating H.
pylori, might decrease the chance of this
overexpression of MMP-9 and reduce the danger
of laryngeal cancer progression.
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w;gisfi/g?aﬁvewmmO”S-Ofg/'icer‘SES/by/“-O/) Background: Hidradenocarcinoma is a rare, aggressive tumor with a high rate
https://djm.uodiyala.edu.ig/index. pho/djm of local recurrence and distant metastasis. There are no current management
guidelines, and surgery has been used to control the primary disease. Even

iiﬁi}l‘iﬂ 2228 L\‘e"b"reurzlt%‘jr gggg with wide surgical excision, the course of the tumor is unpredictable, and the
Published: 25 April 2025 prognosis for survival is poor. The most common location is the scalp,

followed by the extremities, and rarely the trunk.

Objective: To present a rare recurrent hidradenocarcinoma in the abdominal
wall with no distant metastasis.

Case presentation: We present a rare case of recurrent hidradenocarcinoma
on the abdominal wall in a 56-year-old male with no known distant metastasis
treated with wide surgical excision.

Conclusion: This case represents the second reported case of
hidradenocarcinoma involving the abdominal wall in the literature. Wide
surgical excisions of the tumor with wide safe margins carry excellent
outcomes on 5-year follow-up.

Keywords:  Recurrent  hidradenocarcinoma;  Abdominal  wall
hidradenocarcinoma; Distant metastasis; Case report.

Introduction

Hidradenocarcinoma is a rare, aggressive, malignant adnexal tumor of the sweat glands (1). It
accounts for approximately 6% of all malignant eccrine tumors and less than 0.001% of all tumors
(2). It has a slight female predominance (with a male-to-female ratio of 4 to 6) and tends to occur in
the fifth to seventh decade of life (3, 4). It was first reported as clear-cell eccrine carcinoma by
Keasbey and Hadley in 1954 (5), and it is also known in the literature as clear-cell
hidradenocarcinoma, solid-cystic adenocarcinoma, malignant clear-cell hidradenoma, malignant
clear-cell myoepithelioma, malignant acrospiroma, and clear-cell eccrine carcinoma (6). They are
mainly presented as isolated, hard, asymptomatic intradermal erythematous or violaceous nodules on
the head, neck, trunk, limbs, or mouth (1). However, involvement of other body sites like the trunk
and extremities occurs on rare occasions (6). Rehman et al. reported the first case of
hidradenocarcinoma on the left abdominal wall in a 78-year-old woman. However, no similar cases
are reported in the literature (7). Here, we present a rare recurrent hidradenocarcinoma in the
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abdominal wall with no distant metastases.

Case presentation

A 56-year-old male presented to the Surgical
Department of Al-Ramadi Teaching Hospital,
Ramadi City, lIraq, with a gradually growing,
painless swelling in the right lower aspect of the
anterior abdomen that caused him no discomfort
(Figure 1A). The mass started as a small lump
and had been growing for the past 6 months
before presentation. The patient denied any
history of abdominal trauma. On physical
examination, the mass measured 5 x 6 cm, solid,
firm in consistency with irregular borders. The
skin had mild redness over the swelling and the
neighboring skin, it was fixed over the mass, but
as a whole the mass was mobile to the underlying
muscular layer. There were no associated
systemic symptoms. Complete blood count and
blood chemistries came back with no
abnormalities. Differential diagnoses included;
sebaceous cyst, lipoma, hemangioma, or an
inflamed lymph node. It was excised under local
anesthesia and was sent for histopathological
evaluation. The patient, however, didn't bring the
result of histopathology to the surgeon's
attention. Eight months later, the patient comes
back to the Surgical Department, complaining of
a recurrent mass in the exact location, this time
growing around the previous surgical scar. The
dimensions were 5 x 4 cm on measurement. The
mass looked similar to the previous presentation,
having firm skin, irregular borders, mobile, but
the skin was a little darker, elevated, reddish-
blue, and nodular (Figure 1B). There were no
associated systemic symptoms and no palpable
lymph nodes in any part of the body. The
erythrocyte sedimentation rate returned elevated
(58 mm/hour), but all other blood chemistries
were within the normal ranges. The previous
histopathological report, 8 months earlier,
confirmed the diagnosis of hidradenocarcinoma
(a malignant tumor of the adnexa). The diagnosis
was confirmed as a recurrence of the previously
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excised hidradenocarcinoma of the trunk. The
mass was excised under general anesthesia,
leaving safe margins all around the tumor. The
excised mass measured 18 x 11 x 7 cm (Figure
2A), including safe margins: upper and lower
excisional margins about 1.5 cm from the mass,
both lateral excisional margins about 4-5 cm
from the mass, and deep excisional margin about
1 cm from the mass. The tumor itself measured
7 x 5 cm and was encapsulated. Grossly, there
were visible necrotic and hemorrhagic foci
(Figure 2B). The histopathological examination
showed that skin and subcutaneous tissue were
infiltrated by deep dermal well-defined tumor
masses and nodules composed of atypical large
epithelial cells with infrequent mitoses arranged
in solid cords and sheets, associated with
extensive multifocal necrosis and hemorrhages
filling some cystic cavities. The features were
consistent with recurrent malignant non-
melanocytic skin adnexal tumor/solid and cystic
eccrine hidradenocarcinoma-high-grade.  All
lateral, surrounding excisional safe margins
were tumor-free (Figure 3). A positron emission
tomography (PET) scan showed no distant
metastasis. As such, according to the tumor,
node, and metastasis (TNM) classification, the
tumor stage was stage II. Since no lymph nodes
were detected and after consultation with the
Oncology Department, no other adjuvant
therapy was suggested. The patient was advised
to follow-up monthly for recurrence. After 5
years of follow-up, the patient was free of
recurrence or distant metastasis. The patient
gave his consent for the publication of the case
with its related images.
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A

Figure 1. Pictures of the mass before the surgery. A) Anterior view of the abdomen. B)
Lateral view of the abdomen.

Figure 2. A) Picture of the mass from the outside after excision. B) Visible foci of necrosis
and hemorrhages within the mass.

Figure 3. Variable sizes ducts lined by malignant epithelial cells with strong positive for
keratin immunohistochemistry as shown by black arrows [Magnification x10 (A) and x40

(B)]-
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Discussion

Hidradenocarcinoma is an aggressive malignant
tumor with a high tendency of local and distant
metastasis (8, 9). It arises de novo but can also
arise from nodular hidradenoma of the adnexa.
The histological study is of prime importance in
distinguishing between benign and malignant
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forms, which shows increased mitotic activity,
local extension, widespread necrosis, and
angiolymphatic invasion (10,11). The malignant
form is grossly larger, more nodular, and
asymmetric (12). Hidradenocarcinoma is further
divided into eccrine and apocrine subtypes
(Table 1).

Table 1. The characteristics of eccrine and apocrine types of hidradenocarcinoma.

Category Eccrine Hidradenocarcinoma Apocrine Hidradenocarcinoma | Supp.
Ref.
Gland Found throughout the body, Found only in specific regions (10)
Location especially on palms, soles, and | such as axillae, anogenital region,
axillae. abdomen & chest.
Histological Contains poroid cells with Contains clear, squamoid, poroid | (11)
Characteristics atypical features. cells.
Differentiation | Generally considered eccrine Considered apocrine type when (13)
type if only poroid cells are clear and squamoid cells are also
present. observed.

Mixed histological features suggest apocrine
differentiation, making strict  distinction
unnecessary (13). This explains the tumor's
ability to arise all over the body, even where
normally apocrine/eccrine glands are not found
(14). Most cases are asymptomatic; they rarely
present with symptoms, and when they do, it is
primarily due to metastasis. Local symptoms are
rarely seen and include bleeding or ulceration.
For that, most cases are presented in the late
stages. This requires an evaluation of the patient
nodal spread (seen in 39%) and visceral
metastasis (seen in 28%) at the time of
presentation. Indeed, hidradenocarcinomas have
an aggressive nature, a high rate of recurrence
(50% despite surgery), and metastasis (60% of
patients in 2 years). As for the prognosis,
although earlier studies had discussed poor
prognosis, with an estimated 30% survival for
five years yet most of those studies involved
small sampling power (15); a recent study by Gao
et al. examined 289 cases in 18 years-time and
revealed that the hidradenocarcinomas have a
good prognosis and the tumer size was the most

important variable that defines overall survival
and cancer free period which was reported to be
60.21% and 90.52% respectivley (1). The biopsy
is the main way to confirm the case. Imaging
studies (Ultrasonography, CT, PET scan) are
pivotal in excluding other differential diagnoses,
guiding biopsy, excluding metastasis, and
following up cases for prognostic value.
Currently, the mainstay of treatment is wide
surgical excision despite the absence of a clear
guideline. The usefulness of lymph node
dissection is controversial because it has not
been clearly shown. Similarly, adjuvant
chemotherapy and radiotherapy use has not yet
been established (15). Other therapeutic
approaches are currently being researched,
including PIBK/Akt/mTOR pathway inhibitors,
targeted therapy, EGFR inhibitors, and hormonal
therapy. However, there is no concrete evidence
to implement them due to the lack of sufficient
patients owing to the tumor's rarity (3). What is
unique about this case is that it represented the
second reported case of hidradenocarcinoma
involving the abdominal wall without a history
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of prior trauma. The first case by Rehman et al.
in 2021 was at the site of previous trauma (7). The
recurrence was short despite the absence of local
and distant metastasis at both consultation times.
The cases were well documented and followed
for a long time (5 years). It underscores the
success of early and aggressive surgical
approaches and emphasizes the role of close
follow-up, even for such aggressive tumors.
Conclusion

Wide surgical excision with a safe margin was a
satisfactory treatment for hidradenocarcinoma.
Recommendations

Owing to the rarity and aggressive behavior of
hidradenocarcinoma, particularly in uncommon
sites such as the abdominal wall, surgeons should
remain aware of its clinical similarity to benign
skin or soft tissue swellings. Early detection,
accompanied by thorough histopathological
examination, is of utmost importance. It is
essential for future surgeons to adopt a proactive
approach to suspicious or recurrent skin lesions,
favoring wide local excision and collaboration
within a multidisciplinary team. Long-term
follow-up is critical for the early identification of
local recurrence or distant metastasis. This case
underscores the importance of including
hidradenocarcinoma in the differential diagnosis
and highlights the value of applying sound
surgical oncologic principles in its management.
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