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| ABSTRACT

conventional diagnostic methods, often presenting with minimal or non-specific
clinical features. These hidden neoplasms, including early-stage leukemias and
lymphomas, pose significant challenges due to their potential for rapid progression
and transformation into aggressive disease. Advances in molecular diagnostics,
immunophenotyping, and imaging have improved detection of subclinical
malignancies, revealing complex interactions between malignant clones and the
bone marrow microenvironment. This narrative review synthesizes current
insights into the pathophysiology, clinical presentation, and prognostic
implications of occult hematopoietic malignancies. Emphasis is placed on
emerging diagnostic strategies, risk stratification, and the clinical significance of
early detection in guiding therapeutic decisions and improving patient outcomes.
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Occult hematopoietic malignancies are a subset of blood cancers that evade

Original Research Article

Article History

Received: 07-05-2026

Accepted: 11-06-2026

Published: 15-06-2026

Copyright © 2026 The Author(s): This is
an open-access article distributed under the
terms of the Creative Commons Attribution
4.0 International License (CC BY-NC)
which permits unrestricted use,
distribution, and reproduction in any
medium for non-commercial use provided
the original author and source are credited.

marrow microenvironment, diagnostic biomarkers, prognostic outcome.

ABBREVIATIONS

ASXL1 — Additional Sex Combs-Like 1

CHIP - Clonal Hematopoiesis of Indeterminate
Potential

CLL - Chronic Lymphocytic Leukemia

CT - Computed Tomography

DNMT3A — DNA Methyltransferase 3 Alpha

FLC — Free Light Chain

ICUS - Idiopathic Cytopenias of Undetermined
Significance

IDH1/2 — Isocitrate Dehydrogenase 1/2

LDH - Lactate Dehydrogenase

MBL — Monoclonal B-cell Lymphocytosis

MGUS - Monoclonal Gammopathy of Undetermined
Significance

MRI — Magnetic Resonance Imaging

NGS — Next-Generation Sequencing

PET-CT - Positron Emission Tomography—Computed
Tomography

RUNXI1 — Runt-Related Transcription Factor 1

SF3B1 — Splicing Factor 3B Subunit 1

TET2 — Tet Methylcytosine Dioxygenase 2

TPS53 — Tumor Protein p53

VAF — Variant Allele Frequency

INTRODUCTION

Hematopoietic malignancies comprise a diverse
group of disorders arising from clonal transformation of
myeloid or lymphoid progenitor cells. While overt
leukemias and lymphomas are often recognized through
characteristic clinical symptoms and laboratory
abnormalities, a  subset—occult = hematopoietic
malignancies—remains clinically silent or minimally
symptomatic. These early-stage or subclinical
malignancies may persist undetected for months or even
years, presenting only with subtle hematologic changes
or incidental findings. Despite their hidden nature, occult
malignancies carry significant clinical implications,
including the potential for rapid progression, systemic
complications, and transformation into more aggressive
disease phenotypes [1-2]. The pathogenesis of these
malignancies is complex, involving a combination of
genetic, epigenetic, and microenvironmental factors.
Somatic mutations, chromosomal abnormalities, and
epigenetic dysregulation drive clonal expansion, often
before overt hematologic derangements become evident.
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The bone marrow microenvironment further influences
disease dynamics, providing survival and proliferative
signals that support malignant clones while
simultaneously suppressing immune detection. This
interplay contributes to the “silent” course observed in
occult disease, delaying clinical recognition and
therapeutic intervention [3-4].

Clinically, occult hematopoietic malignancies
may manifest with mild cytopenias, vague systemic
symptoms such as fatigue or low-grade fever, or be
detected incidentally during routine laboratory
evaluations or imaging performed for unrelated reasons.
Such non-specific presentations challenge conventional
diagnostic approaches, necessitating the integration of
advanced molecular and immunologic techniques for
early detection. Emerging tools, including next-
generation sequencing (NGS), multiparametric flow
cytometry, and minimal residual disease (MRD)
assessment, now enable the identification of malignant
clones at subclinical levels, facilitating risk stratification
and early intervention [5]. Early recognition not only
informs surveillance strategies but also allows clinicians
to anticipate disease progression, optimize therapeutic
timing, and potentially prevent overt transformation.
This narrative review aims to provide a comprehensive
synthesis of current knowledge regarding the
pathophysiology, clinical presentation, and prognostic
significance of occult hematopoietic malignancies,
highlighting advances in diagnostic strategies and the
clinical value of early detection [6-7].

AIM

The aim of this narrative review is to provide a
comprehensive synthesis of current knowledge on occult
hematopoietic malignancies, focusing on their
pathophysiology, clinical presentation, diagnostic
strategies, and prognostic implications. Specifically, the
review seeks to:

1. Examine the molecular, genetic, and
microenvironmental mechanisms underlying
occult hematopoietic malignancies.

2. Characterize the subtle clinical features and
laboratory findings that may indicate early-
stage or subclinical disease.

3. Highlight emerging diagnostic approaches,
including molecular, immunophenotypic, and
imaging modalities, for early detection and
minimal residual disease assessment.

4. Assess the prognostic significance of occult
disease, including risk factors for progression
and strategies for risk-adapted surveillance and
intervention.

5. Identify gaps in current understanding and
future directions for research and clinical
management.

METHODS

This narrative review was conducted through a
comprehensive and systematic survey of the existing

literature on occult hematopoietic malignancies.
Relevant studies were identified using electronic
databases including PubMed, Scopus, Web of Science,
and Google Scholar, covering publications up to 2025.
The search strategy combined keywords and Medical
Subject Headings (MeSH) terms related to:

e “occult hematopoietic malignancy”

* “minimal residual disease”

® “bone marrow microenvironment”

o “carly leukemia”

e “carly lymphoma”

e “diagnostic biomarkers”

® “prognostic outcomes”

Eligible studies included original research
articles, reviews, meta-analyses, and clinical guidelines
focusing on the pathophysiology, clinical presentation,
diagnostic approaches, and prognostic implications of
occult hematologic malignancies. Articles not available
in English or lacking full-text access were excluded.

Data extraction emphasized key findings
regarding genetic and molecular mechanisms,
immunologic and microenvironmental influences,
clinical manifestations, diagnostic =~ modalities—
including flow cytometry, molecular assays, imaging,
and minimal residual disease assessment—and
prognostic factors. The findings were synthesized
qualitatively to provide a narrative overview, with
attention to emerging diagnostic technologies, clinical
relevance, and areas for future research. This
methodological approach allowed for an integrative
perspective on occult hematopoietic malignancies,
emphasizing translational relevance and clinical
applicability.

Pathophysiology

The pathophysiology of occult hematopoietic
malignancies reflects a gradual and often silent evolution
from normal hematopoiesis to measurable but clinically
inconspicuous clonal disease. The earliest events
typically arise in hematopoietic stem or progenitor cells
that acquire somatic mutations conferring selective
growth advantages. These mutations—most commonly
involving epigenetic regulators such as DNMT3A4, TET2,
and ASXLI in myeloid precursors or immunoglobulin
gene rearrangements, NOTCH1, and TP53 alterations in
lymphoid cells—do not immediately result in overt
malignancy. Instead, they initiate a subtle clonal
expansion that coexists with polyclonal hematopoiesis,
creating a mosaic of genetically distinct cell populations
within the bone marrow [8-10].

As these mutated clones gain a survival or
proliferative edge, they gradually outcompete normal
progenitors. This competitive advantage is amplified by
microenvironmental changes within the bone marrow
niche. Stromal cells, inflammatory cytokines, and altered
chemokine signaling reshape the marrow into a milieu
that inadvertently supports the persistence of abnormal
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clones. Chronic inflammation, in particular, is
increasingly recognized as a driving force that fuels
clonal dominance. Pro-inflammatory mediators such as
IL-6, TNF-a, and interferons promote oxidative stress
and DNA damage, thereby accelerating the acquisition
of additional mutations while simultaneously
suppressing immune surveillance. Over time, the
immune system becomes less capable of identifying and
eliminating emerging malignant cells, allowing silent
clonal expansions to stabilize and grow [11-13].

Despite the presence of these pathogenic
mechanisms, many occult hematopoietic malignancies
initially induce only minor disruptions in blood
formation. The marrow may exhibit subtle
inefficiencies—slightly impaired erythropoiesis, mild
cytopenias, or skewed lineage maturation—yet these
changes are often too minimal to trigger clinical
suspicion. Nonetheless, microscopic and molecular

analyses reveal early indicators of dysfunction, such as
increased apoptosis of normal progenitors, dysplastic
features in myeloid cells, or minor aberrations in
lymphoid differentiation. These biologic fingerprints
represent the earliest detectable signs of malignant
potential [14-15]. The transition from a silent clonal
disorder to a clinically significant malignancy usually
requires the accumulation of secondary genetic or
epigenetic hits. These additional alterations may promote
resistance to apoptosis, enhance proliferative signaling,
or impair DNA repair mechanisms, ultimately tipping the
balance toward uncontrolled growth. In some cases,
extrinsic factors such as immune senescence, metabolic
stress, or environmental exposures accelerate this
progression. In others, the malignant clone remains
stable for years, constrained by intrinsic limitations or
host factors that prevent full transformation (Table 1)
[16].

Table 1: Pathophysiology of Occult Hematopoietic Malignancies
Mechanism Description Clinical/Relevance Implications
Genomic and Epigenetic | Somatic mutations (e.g., DNMT34, TET2, ASXL1), | Initiates  pre-leukemic  or  pre-

Alterations chromosomal abnormalities, and epigenetic | lymphomatous clones; can progress to
dysregulation drive clonal expansion while | overt malignancy over time.
maintaining subclinical disease.

Bone Marrow | Stromal cells, extracellular matrix, and signaling | Provides a protective niche, reduces

Microenvironment pathways (CXCL12/CXCR4, Notch, Wnt) support | early symptom manifestation, and

survival and quiescence of malignant clones.

influences therapy resistance.

Immune Evasion

Malignant clones exploit immune checkpoints and | Contributes to the asymptomatic nature
local immunosuppressive mechanisms to avoid | of disease and persistence of occult

detection by cytotoxic lymphocytes. clones.
Clonal Evolution / Minimal | Accumulation of additional genetic hits allows | Increases risk of progression to overt
Residual Disease (MRD) subclinical clones to evolve over time. leukemia or lymphoma; MRD

monitoring is critical for prognostic

assessment.
Systemic and | Interactions with cytokines, growth factors, and | Modulates proliferation, survival, and
Microenvironmental metabolic cues influence malignant cell behavior. | potential  dissemination,  affecting
Crosstalk overall disease trajectory.

Clinical Presentation

The clinical presentation of  occult
hematopoietic malignancies is inherently challenging
because these disorders unfold quietly, often without
overt symptoms or dramatic laboratory abnormalities.
Their early course is shaped by subtle and incremental
disruptions in hematopoiesis, immune regulation, or end-
organ function, which rarely provoke immediate clinical
concern. As a result, many cases surface incidentally
during routine health encounters, long before the disease
meets diagnostic thresholds for overt leukemia,
lymphoma, or plasma cell dyscrasia [17-19]. In most
patients, the earliest phase is characterized by complete
clinical silence. Individuals feel entirely well, and no
specific complaints prompt evaluation. Detection
frequently occurs when a full blood count obtained for
unrelated reasons reveals mild abnormalities—
borderline anemia, slightly elevated lymphocyte counts,
or marginal thrombocytopenia. These deviations are
often so subtle that they fall within the upper or lower
boundaries of normal reference ranges, making them

easy to dismiss unless persistent or progressively
worsening. Similarly, in plasma cell precursor states
such as MGUS or smoldering myeloma, small
monoclonal protein spikes may be identified incidentally
during screening for neuropathy, chronic kidney disease,
or bone pain of uncertain origin [19].

Despite this clinically silent nature, the
underlying malignant clone may exert biological effects
that manifest as non-specific systemic symptoms. Some
patients describe vague fatigue, intermittent malaise, or
diminished exercise tolerance—features that reflect low-
grade inflammation rather than high tumor burden.
Others may experience recurrent mild infections, a signal
of early immunologic impairment commonly seen in
monoclonal B-cell lymphocytosis or early chronic
lymphocytic leukemia. Because these manifestations are
nonspecific, they are rarely attributed to an evolving
hematologic process without a high index of clinical
suspicion [20]. Subtle laboratory findings often provide
the earliest measurable clues that an occult malignancy
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is present. Mild cytopenias are among the most frequent
indicators; macrocytosis, unexplained neutropenia, or
borderline thrombocytopenia may herald early
myelodysplasia  even years Dbefore definitive
morphologic dysplasia is detectable. Persistent
monocytosis can point toward a myeloproliferative or
myelodysplastic precursor state, while modestly elevated
LDH or B2-microglobulin levels may reflect increased
cell turnover in lymphoid or plasma cell clones. The
challenge lies in interpreting these findings within
clinical context, as similar abnormalities can arise from
benign conditions, medication effects, or chronic
inflammation [21].

In some cases, organ-specific manifestations
precede classical hematologic symptoms. Early
lymphoid  malignancies may  produce subtle
lymphadenopathy—small, non-tender lymph nodes that
escape notice without systematic examination.
Smoldering myeloma or early plasma cell disorders may
leave a radiographic footprint long before bone pain
develops, such as early vertebral compression fractures,
osteopenia, or focal lytic lesions detected on imaging
performed for other reasons. Similarly, clonal
hematopoiesis may increase systemic inflammation and
thrombogenicity, predisposing individuals to
cardiovascular events such as myocardial infarction or
ischemic stroke even in the absence of overt hematologic
disease [22]. As the malignant clone expands, clinical
manifestations become more recognizable but may still
remain below the diagnostic threshold for an overt
malignancy. Patients with early lymphoid disorders may
develop slowly progressive lymphocytosis, occasional
night sweats, or mild splenomegaly, while those with
early myeloid disorders may show increasing frequency
of infections, worsening fatigue, or gradually
intensifying cytopenias. Plasma cell precursor states may
progress to low-grade bone pain, subtle renal
dysfunction, or early features of anemia. Yet even in
these later phases, many remain clinically stable for
extended periods, highlighting the heterogeneity of
disease trajectories [23].

Diagnostic Strategies

The diagnosis of occult hematopoietic
malignancies is inherently complex because these
disorders exist in a biological gray zone, often producing
only faint laboratory abnormalities or subtle clinical
signals. Unlike overt leukemias or lymphomas, which
typically present with conspicuous cytopenias,
organomegaly, or constitutional symptoms, occult
malignancies require a more nuanced and layered
diagnostic approach. This approach integrates careful
clinical assessment with advanced laboratory techniques
and imaging modalities, allowing clinicians to detect
small clonal populations long before they manifest as
symptomatic disease [23]. Most diagnostic pathways
begin with the incidental identification of mild
hematologic abnormalities. A routine full blood count
may reveal modest anemia, borderline leukopenia, or

thrombocytopenia, while a differential count may
uncover persistent lymphocytosis, monocytosis, or
eosinophilia. Because these findings often fall within
near-normal limits, clinicians must rely on persistence
and pattern recognition to distinguish benign variation
from early malignant processes. Repeated testing over
time is frequently essential, as evolving trends—rather
than single abnormal metrics—often provide the first
reliable indication of clonal hematopoiesis [24].

Once suspicion is raised, peripheral blood
smear evaluation becomes a key early step. Skilled
morphologic assessment may reveal subtle dysplastic
features such as hypogranulated neutrophils, pseudo—
Pelger-Huét cells, small mature lymphocytes with
atypical contours, or plasma cell atypia. Although these
findings rarely provide a definitive diagnosis, they offer
valuable clues that support further investigation [25].
Biochemical studies also play an important role.
Elevated LDH, B2-microglobulin, serum free light chain
ratio abnormalities, and small monoclonal protein spikes
detected on serum protein electrophoresis can suggest
early lymphoid or plasma cell disorders. However, these
markers are not specific, reinforcing the need for more
targeted diagnostic modalities [26]. Flow cytometry has
emerged as one of the most powerful tools for detecting
occult hematologic malignancies. Modern
multiparameter flow cytometry can identify clonal
populations at extremely low frequencies—detecting
monoclonal B-cell expansions below thresholds required
for a diagnosis of chronic lymphocytic leukemia, or
revealing aberrant myeloid phenotypes consistent with
early myelodysplastic changes. The sensitivity and
specificity of this technique make it essential for
diagnosing precursor states such as monoclonal B-cell
lymphocytosis (MBL) and identifying abnormal blast
populations in early myeloid disease [27-28].

In parallel, molecular diagnostics have
transformed the landscape of early detection. Next-
generation sequencing (NGS) panels allow identification
of somatic mutations associated with clonal
hematopoiesis, myelodysplasia, or early lymphoid
neoplasia. Mutations in genes such as DNMT3A, TET?2,
ASXL1, TP53, SF3B1, and IDH1/2 offer critical insight
into clonal behavior, transformation risk, and underlying
disease biology. Importantly, the detection of mutations
alone does not equate to malignancy; rather, the size of
the clone, the variant allele frequency, and the
combination of mutations help stratify whether a clonal
expansion is benign, indeterminate, or indicative of an
evolving malignancy. Thus, molecular testing must
always be interpreted in clinical context, ideally by
integrating hematologic findings, age, comorbidities,
and cytogenetic features [29]. Bone marrow examination
remains the gold standard for diagnosing many occult
hematopoietic malignancies, especially when cytopenias
are unexplained, mutation profiles are concerning, or
peripheral blood findings are ambiguous. Bone marrow
aspiration and biopsy provide direct assessment of
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cellularity, dysplasia, blast percentage, and stromal
alterations.  Cytogenetic  analysis can uncover
chromosomal abnormalities such as del(5q), trisomy 12,
del(13q), and complex karyotypes, which may define
specific disease subtypes or carry prognostic
significance. Yet bone marrow evaluation is not always
required initially; in many cases, a period of non-
invasive surveillance is appropriate before proceeding to
invasive diagnostic measures [30].

Imaging modalities are occasionally critical,
particularly when lymphoid or plasma cell precursor
states are suspected. Low-dose whole-body CT or MRI
may detect asymptomatic lytic lesions in smoldering
myeloma, while PET-CT may reveal metabolically
active lymph nodes or splenic involvement that remain
clinically silent. Imaging findings often serve to
reclassify a presumed occult disease into an early but
clinically important stage, guiding earlier surveillance or
intervention (Table 2) [31].

Table 2: Diagnostic Strategies for Occult Hematopoietic Malignancies

populations.

Diagnostic Modality Description / Approach Sensitivity / Utility Clinical Relevance
Peripheral Blood | Complete blood count Low—moderate; may | First-line, widely accessible;
Analysis peripheral smear to detect | miss early clones triggers further investigation.
cytopenias or subtle
morphological changes.
Flow Cytometry /| Multiparametric  analysis High; detects low- | Allows early detection of occult
Immunophenotyping surface antigens to identify | frequency abnormal | clones and aids in lineage

aberrant myeloid or lymphoid

cells specification.

Molecular and Genomic | Next-generation
Testing

sequencing
(NGS), targeted gene panels, and

Very high; can detect | Identifies clonal mutations,
low allelic burden | guides MRD monitoring, and

marrow samples.

digital droplet PCR for mutation | (<1%) informs risk stratification.
detection.
Bone Marrow Aspiration | Histopathology, cytogenetics, | High; definitive | Confirms clonal architecture,
and Biopsy and molecular analyses diagnostic method marrow infiltration, and

microenvironmental interactions.

Imaging Modalities PET/CT, MRI to detect marrow | Moderate; more | Supports diagnosis when
infiltration or early lymph node | sensitive for | laboratory findings are
involvement. extramedullary disease | inconclusive; monitors disease

extent.

Minimal Residual Disease | Quantitative PCR, Very high; detects | Predicts progression, guides

(MRD) Assessment cytometry, or NGS to track | clones below | preemptive therapy, and informs
subclinical clones over time. conventional surveillance strategies.

thresholds

Prognostic Implications

The prognostic landscape of  occult
hematopoietic malignancies is remarkably
heterogeneous, shaped by the interplay between clonal
genetics, microenvironmental factors, and host-related
variables. Although these disorders are clinically silent
at presentation, their long-term implications can be
profound. Understanding prognosis in this context
requires moving  beyond  traditional  disease
classifications to recognize the continuum of clonal
behavior that exists between benign hematopoiesis and
overt malignancy [32]. One of the most critical
determinants of prognosis is the inherent biological risk
of malignant transformation. Precursor states such as
clonal hematopoiesis of indeterminate potential (CHIP),
monoclonal B-cell lymphocytosis (MBL), monoclonal
gammopathy of undetermined significance (MGUS),
and idiopathic cytopenias of undetermined significance
(ICUS) each carry distinctive annual transformation
rates, yet even these averages conceal substantial inter-
individual variability. For example, CHIP confers a
modest overall risk of progression to myeloid
malignancy, estimated at roughly 0.5—1% per year, but
this risk increases several-fold in individuals harboring

high-risk mutations such as TP53, IDHI1/2, or RUNXI.
Similarly, MGUS carries a 1% per year risk of
progression to multiple myeloma, but patients with non-
IgG subtype, high M-protein levels, or abnormal free
light chain ratios may progress more rapidly. Thus,
genetic and biochemical markers serve as key predictors
of disease evolution, allowing clinicians to stratify
individuals into low-, intermediate-, or high-risk
categories [33-34].

Beyond the risk of transformation, occult
hematopoietic malignancies also confer significant non-
malignant morbidity. Clonal hematopoiesis, for instance,
is increasingly recognized as an independent risk factor
for cardiovascular disease, accelerating atherosclerosis
and predisposing individuals to myocardial infarction,
ischemic stroke, and heart failure. This occurs through
pro-inflammatory  pathways driven by mutant
hematopoietic clones, illustrating that clonal disorders
can exert systemic effects that are clinically meaningful
even without progression to leukemia or lymphoma.
Similarly, patients with MBL or early CLL-like clones
experience variable degrees of immune dysfunction,
resulting in heightened susceptibility to infections long
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before overt lymphoid malignancy becomes apparent
[35]. Moreover, certain precursor states may
compromise organ integrity in ways that mimic or
precede overt malignant disease. Smoldering myeloma,
for example, can lead to early skeletal fragility, subtle
renal dysfunction, or chronic anemia even in the absence
of diagnostic criteria for symptomatic myeloma. These
early complications highlight the need for vigilance, as
they serve as both prognostic indicators and early
warning signs that intervention may soon become
necessary [36].

Importantly, host characteristics profoundly
influence  prognosis.  Advanced age, chronic
inflammatory conditions, metabolic disorders, and
immunosenescence can accelerate clonal expansion and
increase the likelihood of progression. The convergence
of clonal biology with age-related marrow vulnerability
explains why occult malignancies are increasingly
recognized in older adults and why their clinical
consequences extend beyond hematologic
transformation alone [37]. The evolving array of
molecular diagnostics has refined prognostication further
by identifying mutation patterns that predict aggressive
behavior. High variant allele frequencies, co-occurrence
of multiple driver mutations, and chromosomal
abnormalities such as complex karyotypes or del(17p)
serve as strong predictors of early progression. Yet the
presence of such abnormalities does not mandate
immediate treatment; instead, it reinforces the need for
tailored surveillance strategies that align monitoring
intensity with individual risk [38-39].

CONCLUSION

Occult hematopoietic malignancies represent a
critical yet often overlooked dimension of modern
hematology, existing within a biologic continuum that
bridges benign clonal states and overt malignant disease.
Although these conditions frequently present without
symptoms and are discovered incidentally, their clinical
significance is far from trivial. The silent evolution of
small clonal populations reflects intricate interactions
between somatic mutations, microenvironmental
pressures, and host factors that ultimately determine
whether a clone remains stable, progresses slowly, or
transforms into aggressive hematologic cancer.

Advances in molecular diagnostics, flow
cytometry, and imaging have dramatically enhanced the
ability to detect these early disease states, but they have
also introduced new challenges in interpretation and
management. Understanding the prognostic implications
of clonal size, mutation profile, and clinical context is
essential for distinguishing low-risk, indolent clones
from those that pose meaningful risks of malignant
transformation or systemic complications. Increasing
evidence demonstrates that even without progression,
many occult malignancies exert measurable impacts on
cardiovascular health, immune function, bone integrity,
and overall physiological resilience.
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