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Introduction

The latest World Health Organization (WHO) classification for myeloid neoplasms
has been a significant shift. What this really means is that genetic drivers are now
central to diagnosis. Instead of relying purely on morphology, specific gene mu-
tations like SF3B1 or TP53 define distinct disease entities. This molecular-first
approach offers a more precise prognosis and directly guides targeted therapies,
fundamentally changing how pathologists classify these disorders[1].

Let’s break down clonal hematopoiesis of indeterminate potential, or CHIP. It’s
an age-related condition where hematopoietic stem cells acquire somatic muta-
tions, leading to clonal expansion. While not a malignancy itself, CHIP is a major
risk factor for developing blood cancers like acute myeloid leukemia (AML) and
myelodysplastic syndromes (MDS). Understanding the specific mutations involved
helps stratify risk and is paving the way for early detection and intervention strate-
gies[2].

Digital pathology and Artificial Intelligence (AI) are genuinely transforming
hematopathology. Here’s the deal: AI algorithms are now capable of accurately
identifying and classifying blood cells in bone marrow aspirates and peripheral
blood smears. This isn’t about replacing pathologists; it’s about augmenting their
work. AI can handle high-volume, repetitive tasks with incredible speed and con-
sistency, freeing up experts to focus on complex cases and integrated diagnos-
tics[3].

Minimal residual disease (MRD) detection in acute myeloid leukemia (AML) has
become a critical standard of care. The key insight is that multi-parameter flow
cytometry is an incredibly sensitive tool for finding rare leukemia cells after treat-
ment. Its ability to detect one leukemic cell among 10,000 normal cells provides
a powerful prognostic indicator. A positive MRD result strongly predicts relapse,
guiding decisions on further treatment, like stem cell transplantation[4].

The diagnostic landscape for T-cell and NK-cell lymphomas is also getting more
precise. The updated WHO classification emphasizes an integrated approach,
combining morphology, immunophenotyping, and molecular genetics. What this
means is that identifying specific genetic alterations, like STAT3 mutations in large
granular lymphocytic leukemia, is no longer just academic. It’s essential for accu-
rate diagnosis and predicting how a patient will respond to therapy[5].

Next-Generation Sequencing (NGS) is no longer a niche research tool in
hematopathology; it’s a frontline diagnostic. Its real impact is the ability to simulta-
neously analyze hundreds of genes relevant to blood cancers from a single sample.
This comprehensive molecular profiling is crucial for diagnosing myeloid and lym-
phoid neoplasms, providing prognostic data, identifying therapeutic targets, and
monitoring for relapse[6].

The pathology of CAR T-cell therapy is a new and critical field. While the therapy
can be remarkably effective, it comes with unique toxicities like cytokine release
syndrome (CRS) and neurotoxicity. Pathologists play a key role in understanding
these adverse events through tissue analysis. For instance, post-mortem stud-
ies are revealing patterns of endothelial activation and macrophage infiltration in
various organs, providing crucial insights into the mechanisms of toxicity[7].

Liquid biopsy is making serious inroads in lymphoma management. We can now
use simple blood draws to detect and monitor circulating tumor DNA (ctDNA).
This is a game-changer because it’s non-invasive, allows for real-time monitor-
ing of treatment response, and can detect relapse earlier than traditional imaging.
The technique is particularly promising for identifying resistance mutations as they
emerge[8].

Myeloid neoplasms with germline predisposition are more common than we once
thought. A significant number of MDS and AML cases arise from inherited mu-
tations in genes like GATA2, RUNX1, and CEBPA. Identifying a germline cause
has profound implications. It not only affects the patient’s treatment but also ne-
cessitates genetic counseling and screening for family members who may be at
risk[9].

Finally, the tumor microenvironment in classical Hodgkin lymphoma (cHL) is a fas-
cinating area. The malignant Hodgkin and Reed-Sternberg cells are actually quite
rare. The bulk of the tumor consists of a rich infiltrate of immune cells, which
the cancer cells manipulate to support their own survival. Understanding these
interactions is unlocking new therapeutic avenues, such as immune checkpoint
inhibitors[10].

Description

The field of hematopathology is undergoing a fundamental transformation, moving
away from a discipline reliant on morphology towards a molecular-first approach.
This paradigm shift is most evident in the latest World Health Organization (WHO)
classifications for myeloid and lymphoid neoplasms. Genetic drivers are now cen-
tral to diagnosis, with specific mutations like SF3B1 or TP53 defining distinct dis-
ease entities, rather than simply modifying them [1]. This integratedmethod, which
combines morphology, immunophenotyping, and molecular genetics, is not limited
to myeloid cancers; it is also essential for an accurate diagnosis of complex T-cell
and NK-cell lymphomas, where identifying specific alterations can predict ther-
apeutic response [5]. This molecular focus extends to identifying inherited risk,
as a significant number of myeloid neoplasms are now understood to arise from
germline predispositions in genes like GATA2 and RUNX1, a discovery with pro-
found implications for patient treatment and family screening [9].
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Powering this revolution is a suite of advanced technologies that have transitioned
from research labs to frontline diagnostics. Next-Generation Sequencing (NGS) is
a prime example, offering comprehensive molecular profiling by analyzing hun-
dreds of relevant genes from a single sample. This depth of information is un-
matched by older methods and is crucial for diagnosis, prognosis, and identify-
ing therapeutic targets [6]. Alongside NGS, Artificial Intelligence (AI) and digital
pathology are augmenting the work of pathologists. AI algorithms can now ac-
curately handle high-volume, repetitive tasks like identifying and classifying blood
cells, freeing up experts to concentrate on more complex diagnostic challenges [3].
This synergy of molecular depth and computational power is reshaping the entire
diagnostic workflow.

This enhanced diagnostic precision directly translates into more sophisticated pa-
tient management, particularly in risk stratification and monitoring. For instance,
the recognition of clonal hematopoiesis of indeterminate potential (CHIP) as a sig-
nificant, age-related risk factor for AML and MDS allows for the identification of at-
risk individuals long before a malignancy develops [2]. For patients already under-
going treatment for conditions like AML, the detection of minimal residual disease
(MRD) has become a standard of care. Using highly sensitive multi-parameter flow
cytometry, clinicians can detect residual leukemia cells with incredible accuracy,
providing a powerful prognostic tool that predicts relapse and guides decisions
about further interventions like stem cell transplantation [4].

Furthermore, non-invasive monitoring techniques are becoming a reality. Liquid
biopsy, which analyzes circulating tumor DNA (ctDNA) from a simple blood draw,
is a game-changer for lymphoma management. It enables real-time monitoring
of treatment response and can detect molecular relapse earlier than conventional
imaging. It is also a powerful tool for identifying the emergence of resistance mu-
tations, allowing for timely adjustments in therapy [8]. This ability to track the dis-
ease’s molecular evolution in real-time represents a significant step towards truly
personalized medicine.

Finally, this molecular understanding is shedding light on new biological frontiers
and the complexities of modern therapies. Pathologists are playing a key role in
understanding the unique toxicities associated with powerful treatments like CAR
T-cell therapy, analyzing tissue to decipher themechanisms behind adverse events
such as cytokine release syndrome [7]. At the same time, there is a growing ap-
preciation for the tumor itself as a complex ecosystem. In classical Hodgkin lym-
phoma, for example, the malignant cells are rare, with the bulk of the tumor com-
posed of immune cells that the cancer manipulates for its survival. Understanding
this interplay within the tumor microenvironment is crucial for developing novel
treatments like immune checkpoint inhibitors that disrupt this supportive network
[10].

Conclusion

Hematopathology is undergoing a profound shift, driven by a move from
morphology-based diagnosis to a molecular-first paradigm. The latest World
Health Organization (WHO) classifications now formally integrate genetic drivers
to define disease entities, a change powered by technologies like Next-Generation
Sequencing (NGS) which provides comprehensive genomic profiles from a sin-
gle sample. This molecular precision is redefining the field. It allows for bet-
ter risk stratification through the understanding of precursor conditions like clonal
hematopoiesis (CHIP) and inherited germline mutations. In patient care, it has
made sensitiveminimal residual disease (MRD) detection a standard for predicting
relapse and guiding therapy in acute myeloid leukemia (AML). New tools are also
emerging, with Artificial Intelligence (AI) augmenting diagnostic workflows and
non-invasive liquid biopsies enabling real-time monitoring of lymphomas through

circulating tumor DNA. This focus extends to understanding the pathology of novel
treatments, such as CAR T-cell therapy toxicities, and the complex tumor microen-
vironment that supports cancer growth. Together, these advancements are cre-
ating a more precise, personalized, and predictive approach to diagnosing and
managing blood cancers.
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