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Abstract

Sickle cell anemia (SCA) remains a prevalent hereditary disorder in various regions, including Saudi Arabia. Among its
numerous systemic complications, sickle cell nephropathy (SCN) represents a major contributor to both morbidity and
mortality. While the clinical manifestations of SCN have been well-documented, detailed histopathological descriptions
are limited and dispersed across isolated case reports and small series. Notably, certain histologic alterations, although
subtle, may carry important diagnostic, prognostic, and therapeutic implications. This review aims to provide a
comprehensive review of the histopathological features associated with SCN, correlating them with underlying
pathophysiological mechanisms and clinical presentation to enhance diagnostic accuracy and guide clinical management.
Keywords: Sickle cell anemia (SCA), sickle cell nephropathy (SCN), Hemoglobinopathy, Glomerular diseases,
Tubulointerstitial diseases, Renal complications.
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INTRODUCTION

Sickle cell anemia (SCA) is a monogenic
autosomal recessive hemoglobinopathy caused by the
production of hemoglobin S. It was first identified as a
molecular disease in 1949 by Linus Pauling and
colleagues, who observed abnormal electrophoretic
mobility of hemoglobin S (Bunn, 1997). Since then,
advances in understanding the disease’s
pathophysiology have significantly improved screening,
diagnosis, and management. Despite these advances,
SCA remains a global health burden, particularly in
endemic regions (Colombatti et al., 2023; Mburu &
Odame, 2019). In Saudi Arabia, epidemiological studies
estimate a prevalence of 45,000 per 1,000,000 adults and
2,400 per 1,000,000 children and adolescents, with
higher rates in the eastern, southern, and western
regions(Al-Qurashi et al., 2008; Alhamdan et al., 2007,
Memish & Saeedi, 2011). This regional variation is
primarily attributed to the high national rate of
consanguinity, which persists despite the robust efforts
of premarital counselling (Alhamdan et al., 2007; El-
Mouzan et al., 2007).

Sickle cell disease (SCD) can affect virtually
any organ, often resulting in significant morbidity. Renal
involvement, referred to as sickle cell nephropathy

(SCN), is a well-recognized complication. In 1990,
Michael Allon provided a detailed description of the
renal manifestations associated with the disease,
identifying a spectrum of abnormalities ranging from
impaired urinary concentrating ability (hyposthenuria) to
more severe pathologies such as renal papillary necrosis
(Allon, 1990).

Although the renal complications of sickle cell
anemia (SCA) have been well-documented in the
literature, the detailed histopathological characterization
of sickle cell nephropathy (SCN) remains limited, with
only a few published reports addressing these findings.
Despite the high prevalence of sickle cell anemia (SCA)
in Saudi Arabia, the histopathological features of sickle
cell nephropathy (SCN) have not been systematically
studied or reported in the Saudi literature. The few
available studies have primarily focused on clinical
rather than histological aspects of the disease (Aleem,
2008, 2010; Alhwiesh, 2014). This article aims to
provide a comprehensive overview of the renal
manifestations of SCA, with a particular focus on the
histopathological spectrum of SCN. Given that some of
these histologic changes may be subtle and easily
overlooked, it is essential for practicing pathologists—
whether general or subspecialized in renal pathology—
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to be familiar with these features to ensure accurate
diagnosis and appropriate clinical correlation.

Pathogenesis of Sickle Cell Nephropathy

The development of sickle cell nephropathy
(SCN) is associated with multiple regulatory
disturbances along the nephron, resulting in progressive
renal injury. The pathogenesis is primarily driven by
three interrelated mechanisms (Ataga et al., 2022):

e Hypoxic injury due to medullary ischemia;
Glomerular hyperfiltration, particularly in early
disease stages, and chronic hemolysis and
recurrent endothelial injury.

These pathogenic processes are not mutually
exclusive; rather, they interact in complex ways. Some
mechanisms may potentiate one another, while others
may appear contradictory. Ultimately, the cumulative
effect of these overlapping pathways results in
progressive structural and functional renal damage
characteristic of SCN.

Due to several unique microenvironmental
factors, the renal medulla is particularly susceptible to
vaso-occlusive events in individuals with sickle cell
disease. Recurrent microvascular thrombosis in this
region results in localized ischemic injury, which
stimulates the release of prostaglandins. These
vasodilatory mediators contribute to afferent arteriolar
dilation, which subsequently induces glomerular
hyperfiltration(Becker, 2011; Hariri et al., 2018).
Systemic hemodynamic adaptations to chronic anemia,
such as increased cardiac output and elevated renal blood
flow, further exacerbate this hyperfiltration state
(Haymann et al., 2021). Additionally, chronic
intravascular hemolysis activates the heme oxygenase—
carbon monoxide (HO-CO) pathway, leading to both
systemic and intrarenal hyperperfusion (Nath & Hebbel,
2015).

Conversely, local hypoxia promotes the release
of endothelin-1 (ET-1), a potent endothelium-derived
vasoconstrictor that also stimulates the generation of
reactive oxygen species (ROS). ROS production is
further amplified by the release of cell-free hemoglobin
during hemolysis, contributing to oxidative stress. The
combined effects of vasoconstriction and oxidative
injury result in sustained endothelial damage and
progressive ischemia (Gurbanov ef al., 1996; Heimlich
et al., 2016). Furthermore, elevated levels of soluble
vascular endothelial growth factor receptor 1
(sVEGFRI1), commonly observed in the context of
hemolysis, impair nitric oxide (NO) bioavailability,
thereby exacerbating endothelial dysfunction and
perpetuating the cycle of vascular injury (Youssry et al.,
2015).

Common Clinical Presentation of Sickle Cell
Nephropathy

Reviewing the patient’s clinical history before
evaluating any biopsy specimen is a critical component
of renal pathology assessment. In the context of medical
kidney diseases, histopathological alterations are often
subtle and may lack the overt morphological changes
observed in other organ systems; nonetheless, they can
have significant clinical implications. Correlation with
clinical data and ancillary laboratory findings is essential
in directing the pathologist’s attention to specific
diagnostic possibilities. For instance, the presence of
proteinuria necessitates careful examination for
underlying glomerular pathology. It is important to note,
however, that certain clinical manifestations may not
always correspond to discernible histological
abnormalities within the renal tissue.

Hyposthenuria, characterized by an impaired
ability to concentrate urine, is recognized as one of the
earliest and most consistent renal manifestations of
sickle cell nephropathy. This defect in urinary
concentrating capacity typically emerges in early infancy
and persists throughout adulthood. Clinically,
hyposthenuria often presents as nocturnal enuresis and
predisposes affected individuals to an increased risk of
dehydration due to the inability to conserve water
effectively (Francis & Worthen, 1968; Naik & Derebail,
2017; Sharpe & Thein, 2014).

An elevated albumin excretion rate (AER) is
observed in approximately two-thirds of patients with
sickle cell disease(Guasch et al., 2006). The underlying
mechanism of glomerular hyperfiltration plays a key role
in the early onset of microalbuminuria, particularly in the
pediatric population, with progression to
macroalbuminuria frequently occurring in adulthood.
Although nephrotic-range proteinuria is uncommon in
this context, its presence should prompt consideration of
alternative or coexisting glomerular pathologies (Naik &
Derebail, 2017). When nephrotic syndrome does occur
as a manifestation of sickle cell glomerulopathy, it is
typically associated with poorer renal outcomes (Bakir et
al., 1987; Powars et al., 1991).

Hematuria, typically characterized by the
presence of non-dysmorphic red blood cells, is a
common clinical manifestation in individuals with sickle
cell disease and may be either microscopic or
macroscopic(Kaze et al., 2013). Multiple etiologies
contribute to this finding, including papillary necrosis,
rupture of fragile renal vessels, hemoglobinuria-induced
tubular injury, and, less commonly, early presentation of
renal medullary carcinoma (Aleem, 2008; Baron ef al.,
1994; Becker, 2011). Overt hematuria may serve as a
clinical indicator of these underlying renal pathologies.
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Chronic kidney disease (CKD) is a significant
complication in patients with sickle cell disease, with a
reported prevalence of 11.6% (Hariri ef al., 2018). In
large cohort studies, CKD has been identified as the
second leading cause of mortality in this population
(Powars et al., 2005). Individuals with sickle cell anemia
are also at increased risk for acute kidney injury (AKI),
commonly triggered by hypovolemia, sepsis,
nephrotoxic medications(Baddam et al., 2017), and, less
frequently, vaso-occlusive crises (Audard et al., 2010).
The occurrence of AKI in these patients is associated
with a heightened risk of CKD progression and increased
mortality (Yeruva ef al., 2016).

Histopathology of Sickle Cell Nephropathy

The histopathological features of sickle cell
nephropathy (SCN) encompass more than just the
presence of sickled erythrocytes within the renal
vasculature. For a more structured and comprehensive
evaluation, these findings can be broadly classified into
glomerular and non-glomerular compartments.

Glomerular Findings:
¢  Glomerular Hypertrophy

Glomerular hypertrophy, also known as
glomerulomegaly, represents a structural and functional
adaptive response to increased metabolic demand or loss
of nephrons. Although population variability has
precluded the establishment of a definitive quantitative
threshold (Hughson et al., 2011), glomeruli with a
diameter exceeding 220 micrometres or occupying
approximately half the field of view under a standard 40x
objective lens are generally considered hypertrophied
(Colvin et al., 2023).

Early studies have proposed a pathogenic
association between glomerulomegaly and progressive
glomerular injury, particularly glomerulosclerosis. This
adaptive response, while initially compensatory, may
ultimately contribute to structural damage(Fogo &
Ichikawa, 1991). In patients with sickle cell disease,
glomerular  enlargement—often accompanied by
engorgement with sickled erythrocytes—has been
consistently observed, particularly in the juxtamedullary
glomeruli (Elfenbein et al., 1974). As previously noted,
hyperfiltration is an early and common glomerular insult
in sickle cell nephropathy, closely linked to the
development of glomerulomegaly. This adaptation
involves an increase in glomerular surface area, volume,
and the ultrafiltration coefficient (Kf)(Haymann et al.,
2021; Hirschberg, 2010).

e  Mesangial Hyperplasia

The mesangium is a histological component of
the glomerulus, composed of mesangial cells and
extracellular matrix, which provides structural support to
the glomerular capillary loops. In a standard 2-pm-thick
section, up to two mesangial cell nuclei per mesangial
area is considered within normal limits(Colvin et al.,

2023; Silva, 2017). Experimental models of sickle cell
disease have demonstrated both mesangial hyperplasia
and hypertrophy(Manci et al., 2006). Consistent with
these findings, Zahr et al., reported mesangial
hypercellularity and/or mesangial matrix expansion in
75% of kidney biopsies in one of the largest
histopathological studies of sickle cell nephropathy
(Zahr et al., 2019). Similar to glomerular hypertrophy,
mesangial expansion is a frequently observed and
reproducible histologic feature in this patient population
(Falk et al., 1992).

o Focal Segmental Glomerulosclerosis (FSGS)

Focal segmental glomerulosclerosis (FSGS),
defined by sclerosis affecting <50% of glomeruli (focal)
and <50% of the glomerular tuft (segmental), represents
a pattern of glomerular injury rather than a distinct
disease entity. FSGS lesions can arise in association with
various pathological processes(Silva, 2017). In sickle
cell nephropathy, FSGS is the third most commonly
observed glomerular lesion, following glomerular and
mesangial hypertrophy, and is almost invariably
associated with proteinuria, predominantly affecting
younger patient (Maigne ef al., 2010; Zahr et al., 2019).
Notably, prior studies have demonstrated that FSGS
lesions often occur in the context of glomerular
hypertrophy, suggesting that hyperfiltration-induced
injury plays a role in their pathogenesis (Falk et al.,
1992).

According to the Columbia classification, all
major FSGS variants—including not otherwise specified
(NOS), perihilar, cellular, tip, and collapsing—have
been reported in sickle cell disease. These findings
suggest that no single variant predominates in the context
of sickle cell nephropathy.

e  Membranoproliferative Glomerulonephritis
(MPGN)

Membranoproliferative glomerulonephritis
(MPGN) is a distinct pattern of glomerular injury
characterized by thickening of the glomerular basement
membrane, often due to duplication or "tram-tracking,"
accompanied by mesangial and endocapillary
hypercellularity. Historically considered an immune
complex—mediated process, the classification of MPGN
has evolved significantly, now encompassing immune-
mediated, complement-mediated, and pauci-immune
subtypes(Sethi & Fervenza, 2012).

In the context of sickle cell disease, MPGN is
reported less frequently than other glomerular lesions
such as glomerular hypertrophy or FSGS. The
underlying pathogenesis remains poorly understood, but
reported cases—affecting both pediatric and adult
patients—have typically demonstrated a non—-immune
complex—mediated pattern, even in the presence of
chronic infections such as hepatitis C(Zahr et al., 2019).
One proposed mechanism involves chronic, low-grade
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microthrombotic events, which may lead to repeated
vascular injury and reparative remodelling, ultimately
contributing to the MPGN pattern(Sethi & Fervenza,
2012).

e Thrombotic Microangiopathy (TMA)

Thrombotic microangiopathy (TMA) has
garnered increasing attention as a clinically significant
renal lesion in recent years, particularly with the growing
interest in the role of the complement system in its
pathogenesis. Emerging evidence has elucidated the
involvement of the alternative complement pathway,
with numerous studies and theoretical frameworks
seeking to clarify its activation and contribution to
endothelial injury(Gallan & Chang, 2020).

TMA is fundamentally characterized by
repetitive endothelial damage, which may be triggered
by a wvariety of etiologies, including thrombotic
thrombocytopenic purpura (TTP), typical and atypical
hemolytic—uremic syndrome (HUS and aHUS), drug-
induced TMA, and sickle cell disecase, among other
(Goldberg et al., 2010). Local tissue ischemia is believed
to initiate injury via various mediators, while
intravascular hemolysis and the resulting release of free
heme act as a secondary insult, promoting further
activation of the alternative complement pathway and
amplifying endothelial injury (Frimat et al., 2013).

Thrombotic microangiopathy (TMA) has been
reported more frequently in adults than in the pediatric
population (Maigne et al., 2010; Zahr et al, 2019).
Histopathological features vary depending on the phase
of the disease. In the acute phase, characteristic findings
include mesangiolysis and thrombi within glomerular
capillaries, whereas the chronic phase is marked by
duplication and thickening of the glomerular basement
membrane, resembling a membranoproliferative
glomerulonephritis (MPGN) pattern (Colvin et al.,
2023).

These histological features are not specific to
sickle cell disease and may be observed in TMA
resulting from a range of etiologies, as previously
described. Importantly, thrombotic complications in
patients with sickle cell disease are of particular concern,
especially in the post-transplant setting, where they may
significantly contribute to graft morbidity and overall
patient outcomes (Kim et al., 2011).

Non-Glomerular Findings:
e  Hemosiderosis

Hemosiderosis refers to the excess deposition
of iron within cells, typically appearing as coarse, brown,
cytoplasmic granules under light microscopy. Although
traditionally not associated with significant clinical
consequences, recent observations suggest that it may
contribute to acute kidney injury (AKI) during sickle cell

crises. This rare but important complication should not
be overlooked (Calazans et al., 2012).

Hemosiderin deposition is almost universally
observed in renal tissue from patients with sickle cell
disease. While the deposits are most commonly localized
to tubular epithelial cells, interstitial and mesangial
involvement has also been reported (Falk et al., 1992;
Zahr et al., 2019).

Although hemosiderin can often be recognized
on routine hematoxylin and eosin (H&E) staining,
special stains such as Prussian blue help confirm iron
deposition and distinguish it from other brown pigments,
including lipofuscin and melanin(Colvin et al., 2023).

e Interstitial Fibrosis and Tubular Atrophy

Interstitial fibrosis and tubular atrophy are
consistently reported histopathological features in cases
of sickle cell nephropathy (SCN), and are considered
hallmark findings across the existing literature. Despite
their frequent occurrence, the degree of tubulointerstitial
injury—whether mild, moderate, or severe—has been
quantitatively assessed in only a limited number of
studies. Of these, the majority of cases demonstrated
mild interstitial and tubular damage, with only a single
report documenting severe tubulointerstitial involvement
(Falk et al., 1992). The microanatomical distribution of
atrophic tubules has been most commonly localized to
the renal medulla. This distribution is thought to reflect
the unique pathophysiologic environment of the inner
medulla, which is characterized by low oxygen tension,
elevated osmolality, and acidic pH conditions that
collectively promote intravascular  sickling of
erythrocytes. The resultant microvascular obstruction
leads to repeated episodes of ischemic injury and
contributes to chronic tubulointerstitial damage. In
addition to medullary involvement, atrophic tubules are
frequently observed in cortical regions adjacent to
glomeruli exhibiting segmental sclerosis, suggesting a
potential secondary insult due to localized glomerular
injury and downstream effects on surrounding tubular
structures (Becker, 2011; Colvin ef al., 2023; Falk et al.,
1992; Hariri et al., 2018; Zahr et al., 2019).
Tubulointerstitial ~ fibrosis has been historically
recognized as a common final pathway of renal injury,
irrespective of the underlying etiology, and is strongly
associated with progressive decline in renal function and
the development of chronic kidney disease
(CKD)(Remuzzi & Bertani, 1998).

¢ Renal Cortical Necrosis

Another significant histopathological finding,
though seldom reported in the literature (Pham et al.,
2000), is renal cortical necrosis, which has been
previously observed in patients with sickle cell disease.
In a cohort study of 36 individuals with SCD, this severe
complication was identified in two cases, with one
biopsy specimen demonstrating up to 50% cortical

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 28



Sarah Saeed A Alghamdi; Saudi J Pathol Microbiol, Jun, 2025; 10(3): 25-33

necrosis (Zahr et al., 2019). This complication is known
to result from various etiologies, including thrombotic
microangiopathy (TMA), vascular disorders, and
systemic hypotensive states such as shock. Notably,
some of these underlying causes—particularly TMA—
are already prevalent among patients with sickle cell
disease (see discussion on TMA)(Colvin et al., 2023).

e Papillary Necrosis

The renal papilla represents the tapered apex of
the renal pyramid, located within the inner medullary
zone of the kidney, where it projects into a minor calyx.
It serves as the terminal conduit for urine flow,
conveying renal filtrate from the collecting ducts into the
minor calyces of the renal pelvis. Owing to its unique
anatomical location and functional role, the renal papilla
is particularly susceptible to ischemic injury. This
vulnerability is partly attributable to its relatively limited
and dual blood supply, which is derived from the vasa
recta and small arterial branches that traverse the
adventitia of the adjacent minor calyces (Alleyne, 1975).

Papillary necrosis results from ischemia of the
renal papilla, caused by vascular obstruction,
inflammation, or toxic injury. Sloughing of the
ischaemic papilla can lead to severe hemorrhage and
obstruction and may be complicated by infection
(Henderickx et al., 2017). Given that renal papillary
necrosis is primarily defined by clinical presentation and
radiologic findings, histopathological evaluation is
typically of limited diagnostic utility. It is generally
reserved for ambiguous cases or when papillary necrosis
is incidentally identified in specimens from
nephrectomies.

e Medullary Peritubular Capillary (PTC)
Thrombosis and PTC Abnormalities

This subtle yet diagnostically valuable
histopathological feature may represent the sole
morphological abnormality identified in the kidneys of
individuals with sickle cell hemoglobinopathies.
Notably, this finding has been more frequently reported
in individuals with sickle cell trait than in those with
sickle cell disease, highlighting its potential significance
even in milder genotypic variants (Khalighi et al., 2014).

Patients with sickle cell trait often do not
exhibit the full clinical spectrum of sickle cell disease,
such as vaso-occlusive crises. However, they remain at
risk for subclinical ischemic injury due to microvascular
thrombosis. In some cases, these individuals may
undergo kidney biopsy for unrelated indications and be
found to have incidental medullary peritubular capillary
(PTC) thrombosis. Subsequent evaluation may then
reveal an underlying sickle cell hemoglobinopathy that
had not been previously diagnosed.

To date, only a single study by Bissonnette et
al., has characterized the ultrastructural alterations

observed in peritubular capillaries (PTCs) in a case of
sickle cell trait. In their report, medullary PTCs exhibited
basement membrane multilayering, a feature reminiscent
of changes typically associated with chronic antibody-
mediated rejection (Bissonnette et al., 2016).

e Renal Medullary Carcinoma

Renal medullary carcinoma (RMC) is a rare,
highly aggressive neoplasm of the kidney, associated
with a dismal prognosis and markedly reduced overall
survival. It predominantly affects young individuals,
shows a male predominance, and occurs commonly in
patients of African descent. A strong and consistent
association with sickle cell trait has been well established
in the literature (Alvarez et al., 2015; Davis et al., 1995;
Tacovelli et al., 2015).

Recent studies have implicated the loss of the
SMARCBI tumor suppressor gene as a key molecular
driver in the pathogenesis of renal medullary carcinoma.
The proposed underlying mechanism involves medullary
hypoxia, a characteristic feature in sickle cell patients,
which may promote genomic instability through
increased susceptibility to chromosomal translocations
and deletions. These alterations can ultimately result in
SMARCBI inactivation (Holland et al., 2020; Msaouel
etal., 2018).

Clinically, renal medullary carcinoma (RMC)
most commonly presents with hematuria and flank pain,
which are the most frequently reported initial symptoms
(Iacovelli et al., 2015).

Histopathologically, it exhibits a broad and
heterogeneous spectrum of histomorphological patterns,
reflecting its aggressive and poorly differentiated nature.
The most common architectural features include sheet-
like growth often accompanied by coagulative necrosis,
and neoplastic cells may demonstrate rhabdoid features
with prominent nucleoli. Additional patterns include a
sieve-like or cribriform architecture, with tumour nests
embedded in a desmoplastic stroma, and a reticular or
yolk sac tumour (YST)-like pattern, characterized by
irregular tumour aggregates within a loose myxoid
background, mimicking testicular YST. Other variants
include tubulopapillary and intracystic papillary
patterns, the latter showing micropapillae lacking
fibrovascular cores. An infiltrating glandular pattern
may also be present, with irregular glands invading a
myxoid stroma. A distinguishing feature in RMC is the
frequent histologic presence of sickled erythrocytes,
which provides a diagnostic clue, particularly in the
context of sickle cell trait (Ohe et al., 2018).

Kidney Transplant in Sickle Cell Patients
Historically, short-term  renal allograft
outcomes in patients with end-stage sickle cell
nephropathy (SCN) have been comparable to those
observed in individuals with end-stage renal disease
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(ESRD) due to other etiologies. However, long-term
graft survival in the SCN population has consistently
been reported as relatively poorer (Ojo ef al., 1999).

However, emerging evidence indicates that
patients with sickle cell disease—associated kidney
failure derive similar mortality benefits from kidney
transplantation as those with other causes of kidney
failure (Bae et al., 2021).

These emerging insights underscore the
complexity of decision-making regarding renal
transplantation in this population and reflect the ongoing
debate surrounding its optimal clinical management.

From a histopathological perspective, graft
failure in this patient population is most often attributed
to intravascular thrombosis, a complication that,
unfortunately, is frequently associated with early
allograft loss (Cornell et al., 2024; Kim et al., 2011).

CONCLUSION

In conclusion, although renal biopsy is not
routinely performed in patients with sickle cell anemia
(SCA), it can yield highly informative findings that
reflect the underlying pathophysiological alterations
inherent to the disease. This review aimed to summarize
the previously reported histopathological features of
sickle cell nephropathy and to contextualize them within
the broader framework of disease pathophysiology.
Given the substantial population of individuals affected
by SCA in Saudi Arabia, kidney biopsies or nephrectomy
specimens are occasionally obtained for various clinical
indications. It is imperative that pathologists, including
those without subspecialty training in medical kidney
pathology, remain vigilant in identifying subtle but
diagnostically significant features such as glomerular
hypertrophy, = mesangial  hypercellularity, and
hemosiderin deposition. These changes may serve as
early indicators of glomerular injury and should prompt
appropriate evaluation and follow-up.

Furthermore, as highlighted in this review,
patients with SCA are at increased risk for serious renal
complications, including the development of, renal
malignancies and post-transplant allograft failure.
Despite the high prevalence of SCA in Saudi Arabia,
there remains a notable absence of comprehensive
pathological analyses of renal biopsy or nephrectomy
specimens within this population.

As I near the completion of my fellowship
training in medical and transplant kidney pathology, I am
increasingly motivated to engage in multidisciplinary
collaboration aimed at improving the recognition,
diagnosis, and management of sickle cell nephropathy
(SCN). Given the complex pathophysiology of SCN and
its significant burden in Saudi Arabia with a high
prevalence of sickle cell disease, such efforts are both

timely and clinically imperative. I look forward to
establishing collaborative partnerships with
nephrologists and hematologists who share a similar
commitment to addressing the knowledge gaps
surrounding SCN, particularly within our local
healthcare context. Through integrated clinical and
pathological insights, we can enhance early detection,
refine diagnostic criteria, and ultimately contribute to
more effective and targeted therapeutic strategies for
patients affected by this condition.
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