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Introduction

At first glance, hematology and oncology appear to occupy separate
intellectual territories, and considering the scope of each field in turn helps
highlight the foundations upon which they developed. Hematology encompasses a
wide spectrum, spanning the molecular mechanisms of blood cell formation to
diseases of the blood, bone marrow, and lymphatic system. Hematologists diagnose
and guide therapy for disorders ranging from anemias and hemostatic abnormalities
to malignant conditions such as leukemias. Oncology focuses on the study,
diagnosis and management of malignant diseases. Oncologists examine how and
why cells become malignant. Guided by tumor histology, molecular markers, and
staging, they utilize surgical, radiation, and systemic therapies to halt or reverse the
course of disease.

This traditional distinction has fostered a perceived dichotomy between the
two disciplines. However, advances in the understanding of cancer
pathophysiology have progressively blurred the boundaries, particularly in the
study and management of hematologic malignancies, which share key biological
mechanisms with solid tumors while requiring specialized hematologic expertise.
This convergence has led to the emergence of the integrated discipline of
hematology-oncology, which now plays a central role in modern cancer care.

Understanding the differences helps patients navigate their care teams, know
why they are referred to one specialist versus another, and understand the nature of
their condition - whether a blood disorder, cancer, or both. At the same time,
hematology and oncology can be combined or pursued separately as clinical and
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academic disciplines. Knowing the differences also helps medical students choose
between benign hematology, malignant hematology, solid-tumor oncology, or
combined heme-oncology practice, each associated with distinct workloads,
research opportunities, and clinical focus.

Aim of the review: To examine the historical and professional boundaries
between hematology and oncology, and critically assess whether modern
integration in training and practice addresses current academic, clinical and
workforce challenges.

Methodology

This article is a narrative review with targeted evidence synthesis, based on a
clear methodological framework. Relevant literature was identified from multiple
sources, including World Health Organization (WHO), National Resident
Matching Program (NRMP), International Agency for Research on Cancer (IARC),
American Society of Clinical Oncology (ASCO), PubMed, and other professional
and policy databases The literature search encompassed publications spanning
2006 to 2025. Inclusion criteria encompassed studies and reports addressing the
core domains of hematology, molecular and translational oncology research,
relevant historical insights, hematology-oncology workforce patterns, and policy or
training frameworks relevant to the integration of the two specialties.

Core and Emerging Areas Within Hematology

Diagnostic hematology remains a core component of the specialty.

It encompasses:

= Morphologic interpretation of peripheral blood smears and bone marrow
specimens. Hematologists continue to serve as the bridge between classical
microscopy and modern molecular data, contextualizing each within the patient’s
clinical picture.

» Flow cytometry, which enables immunophenotypic classification of
leukemias and lymphomas, minimal residual disease (MRD) assessment, and
quantification of immune subsets. Hematologists participate in gating strategies,
and interpretation of high-parameter panels.

= Specialized Coagulation and hemostasis diagnostics. Hematologists
interpret these in tandem with genetic panels for thrombophilia or bleeding
disorders, ensuring clinically meaningful evaluation.

= Molecular hematopathology: incorporation of technologies like
Fluorescence in situ Hybridization (FISH), Polymerase Chain Reaction (PCR),
immunohistochemistry, cytogenetics, and Next-Generation Sequencing (NGS)
panels. Hematologists are now expected to understand variant classification, clonal
architecture, allele burden trends, and the clinical relevance of actionable
mutations, which redefines the diagnostic responsibilities [5].
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Clinical hematology covers the full spectrum of management, and
monitoring of blood-related diseases.

Benign hematology is a subspecialty domain, where hematologists manage
red cell disorders (hemolytic and dyserythropoietic anemias, hemoglobinopathies),
platelet and hemostatic abnormalities (thrombocytopenia, inherited/acquired
platelet function defects), coagulation disorders (hemophilias, Von Willebrand
Disease, thrombophilia, antiphospholipid syndrome), bone marrow failure
syndromes (aplastic anemia, Paroxysmal Nocturnal Hemoglobinuria), and non-
neoplastic white blood cell disorders. The examples listed here illustrate merely a
fraction of the extensive array.

Transfusion medicine and cellular therapy

Most hematologists maintain active roles in transfusion support, blood
product stewardship, and management of transfusion complications. They also
possess specialized expertise in immunohematology and blood compatibility.

In addition to traditional stem cell transplantation, the rise of Chimeric
Antigen Receptor T-cells (CAR-T cells), gene-edited stem cells, and ex vivo-
expanded cellular products has further expanded the hematologists’
responsibilities. They now oversee patient selection, toxicity management and
long-term monitoring.

Within malignant hematology, clinicians diagnose and manage leukemias,
lymphomas, myelodysplastic syndromes (MDS), myeloproliferative neoplasms
(MPN), multiple myeloma (MM), and other neoplasms. Cancer biology concepts
such as clonal evolution, stem cell dysfunction, somatic mutations, epigenetic
alterations were first described in hematologic malignancies. Because blood is
uniquely accessible for sampling, hematology remains a prototype for translational
precision medicine [5].

Hematologist Oncologist

« Unexplained anemia

« Abnormal CBC

« A confirmed solid tumor
i B . Suspicious mass on
e Easy bruising or bleeding | imaging
« Suspected clotting * Staging and systemic therapy
disortes Hematologist-
Oncologist

(Multidisciplinary)

* Leukemia
s Lymphoma

Fig. 1. Referral pathways in hematology and oncology
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Hematology versus Oncology: Historical Evolution

Post-World War Il, hematology evolved from classical blood disorders
toward cancer-focused investigations. As some hematologists refocused their work
toward cancer, a number of internists became interested in the application of
chemical therapies to solid tumors. However, they encountered antagonism,
reflecting both professional territoriality and skepticism toward emerging
therapeutic modalities. To circumvent these barriers, internists aligned with related
fields or joined specialized cancer hospitals such as Memorial Sloan-Kettering or
Roswell Park. They also formed a national society (American Society of Clinical
Oncology (ASCO)) and developed standard training requirements-common
expressions of the rise of specialization in the 20" century.

When medical oncologists claimed wide-ranging expertise over the
treatment of all patients suffering from malignant disease, the leukemias became
contested ground. At the annual meeting of the American Society of
Hematology (ASH), and in a subsequent letter to the ABIM (American Board of
Internal Medicine), hematologists declared- “The separation of the two boards is
itself a denial of the capabilities and dedication of a large number of practicing
hematologists to the care of patients with neoplastic disease.”

This led to a structured negotiation: the development of dual certification
and joint training programs, a compromise that preserved hematologists’
involvement while establishing medical oncology as an independent subspecialty.

By the late 1970s, medical oncology had secured institutional legitimacy.
Hematology-oncology relations evolved from conflict to structured cooperation,
though tensions over training and certification persisted. The ABIM revised its
training requirements. Candidates who had focused primarily on hematology
required an additional year in oncology, those with an oncology background
needed 2 years in hematology, and those from a combined program completed 3
years of training [7].

Table 1

Nobel laureates whose contributions are relevant to hematology and oncology.

Tumor hypoxia,

William G. Kaelin Jr. 2019 Oxygen sensing (HIF angiogenesis, ASCO Science
pathway) of Oncology Award
recipient
Immunotherapy,
James P, Allison 2018 _CTL_A{»lmmune checkpoint trapsformatlvmmpa;tm
inhibition solid and hematologic
malignancies
George H. Hitchings 1988 Rational drug design Eofigdations)
K i & & L chemotherapy principles
Antimetabolitesused in
Gertrude B. Elion 1988 Rationaldrug development solid and hematologic
malignancies
Foundational ideas
| Ko
Paul Ehrlich 1908 Immuneclogy and underpinning hematology,

chemotherapy concepts oncology, and
immunotherapy
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The Longstanding and Growing Overlap Between Hematology
and Oncology

The overlap between the clinical boundaries of these two disciplines is
particularly evident in patient management, where hematologic principles often
inform the care of patients with solid tumors. For instance, solid-tumor
management often overlaps with hematology due to treatment-related cytopenias,
thrombosis, anemia, and immunologic effects. Emergencies that arise across both
hematologic and solid malignancies reflect shared pathophysiologic mechanisms,
including high tumor burden, rapid cell turnover, bone marrow dysfunction, and
treatment-related toxicity. Common emergencies include febrile neutropenia,
sepsis, tumor lysis syndrome, hypercalcemia of malignancy, disseminated
intravascular coagulation, and acute organ compromise such as spinal cord
compression or superior vena cava syndrome [1]. Collectively, these shared clinical
challenges highlight the longstanding integrated nature.

With advances in novel diagnostic and therapeutic approaches, the two fields
further converge. Molecular oncology and NGS-based comprehensive sequencing
have reshaped classification systems, particularly in MDS and acute leukemias, and
now guide therapy across solid and hematologic cancers. Tumor mutational
profiling, minimal residual disease tracking, and liquid biopsy technologies are
expanding across both specialties.

Contemporary master protocol frameworks such as basket and umbrella
trials, often combine hematologic and solid tumors, particularly when targeting
common molecular alterations. Basket trials, for example, enroll patients with a
shared actionable genomic aberration (such as BRAF V600E, NTRK fusions,
IDH1/2 mutations), across diverse cancer types, thereby evaluating a single
targeted therapy in a histology-agnostic manner. In a systematic review, 180 basket
trials were identified, with 55 % reporting results and a median objective response
rate of 14 %.

Umbrella trials complement this approach by stratifying patients with a
single disease (for instance acute leukemia or non-small cell lung cancer) into
molecularly defined sub-cohorts that receive different targeted agents. Of 73
umbrella trials evaluated, 38 % had published outcomes with a median response
rate of 17.8 % [4].

CAR-T, bispecific T-cell engagers (BiTEs), and Natural killer cell (NK-cell)
therapies were pioneered in blood cancers and now illustrate how treatment
approaches cross specialty boundaries (although their global availability remains
uneven, contributing to substantial disparities in care). At the same time,
conventional oncology modalities (chemotherapy, radiation) and hematology
treatments (stem-cell transplant, supportive transfusion care, anticoagulation) are
often used together in combined care pathways.
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Fig. 2. Hematology-oncology integration schema
Workforce shortages amid an increasing number of new cases

Latest global estimates from IARC GLOBOCAN 2022 highlight the
growing burden of cancer (20 million new cancer cases and 9.7 million deaths) and
the disproportionate impact on underserved populations. These increases are
mostly due to population aging and growth, not changes in individual risk alone.
Hematologic malignancies accounted for 6.6% of total cancer cases (non-Hodgkin
lymphoma exhibits the highest incidence) and 7.2% of total cancer-related deaths
(leukemia has the highest mortality rate) [10]. WHO survey (2022) on Universal
Health Coverage (UHC) and cancer shows that only 39% of participating countries
covered the basics of cancer management as part of their financed core health
services for all citizens [11].

A new (2025) report from the American Society of Clinical Oncology finds
that the overall density of medical and hematology oncologists relative to the aging
population is decreasing. In 2014, there were an estimated 15.9 oncologists per
100,000 people aged 55 and older, that number dropped to 14.9 in 2024. Data
identify significant “cancer care deserts,” particularly in rural communities. By
2037, non-metropolitan areas are projected to meet only 29% of their demand for
medical and hematology oncologists, contrasting with metropolitan areas which are
projected to meet 102% of their demand [6].

Residency Experience and Academic Outlook

Interest in combined hematology-oncology fellowships continues to grow
compared with hematology-only or medical-oncology-only programs. NRMP (the
National Resident Matching Program) data tables show that the number of
hematology-oncology programs has increased from ~149 in 2019 to around 198 by
the 2024 appointment year, with 773 certified positions (fill rate was 99%) [9].

Factors influencing career choice included clinical interest in the field
(98%), previous research experience in HO, career mentorship, lifestyle
considerations, and perceived job market [2].
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A central challenge of the model lies in the breadth and complexity of
knowledge required to practice competently across both domains. Despite the
intention of combined fellowship programs to ensure balanced training in
hematology and oncology, clinical exposure varies substantially which may lead to
inadequate preparation for the realities of practice and contribute to future career
dissatisfaction. At the same time, the expanding scientific and clinical scope of
both fields places considerable pressure on already crowded curricula. In this
context, benign hematology - often less procedurally oriented and less
commercially supported — risks marginalization, raising concerns about workforce
preparedness to manage non-malignant blood disorders.

More adaptive curricular structures that permit early or later subspecialty
tracking while maintaining a common heme-onc foundation may help align with
future workforce needs.

Health-system and policy factors, especially in the context of LMICs, where
training capacity, specialist numbers, and clinical resources are often limited — add
extra pressure. Reimbursement often favors oncology treatments over hematology
care, like transfusions or managing clotting disorders, which can affect practice
patterns and threaten the sustainability of comprehensive care.

Recruitment into academic medicine remains a challenge across medical
specialties. A 2025 national survey of U.S. hematology/oncology fellowship
leaders found that about one-third of trainees pursue community-based careers
despite training in academic centers. While most leaders agree that fellowship
programs should prepare trainees for community practice, non-clinical career skills
remain insufficiently covered [4].

In Armenia, residency training in adult hematology and medical oncology is
organized as two separate specialty tracks. In contrast, pediatric hematology and
pediatric oncology are integrated into a single residency program. This model
provides combined exposure to pediatric hematologic and oncologic diseases
within a single center and training pathway based at the Yeolyan Center. Separate
tracks provide focused expertise in a single discipline, yet may require more
coordination if transitioning between hematology and oncology roles. At the same
time, comprehensive exposure to both hematology and oncology disorders in
children facilitates a multidisciplinary approach but can stretch trainee focus and
depth in either hematology or oncology individually and may also cause quicker
mental burnout when covering two subspecialties simultaneously. As with any
functioning training model, each track has its advantages and limitations, and in
both cases, the scenario that balances specialization, comprehensive care, and
trainee sustainability was selected. In fact, in recent years, the field of pediatric
oncology has been rapidly advancing, offering, in many settings, survival rates of
up to 70%, and these training program has prepared specialists who are considered
experts in their fields and are active members of international working groups.

Despite the unavailability of some diagnostic tools, advanced treatment
options such as targeted therapies or immunotherapies, and the lack of genetic and



22 Menununckas Hayka Apmernnn HAH PA 1. LXVI Ne2 2026

molecular data, the medical community in Armenia remains committed to
providing the best possible care. Efforts are underway to address these gaps by
advocating for the registration of therapeutic agents and exploring avenues for
funding assistance. Since 2019, there has been a steady increase in coverage of
services in Armenia, attributed to a rise in the health budget, and the country is
making concerted efforts to successfully implement universal health coverage.
There is an increasing emphasis each year on the advancement of scientific
research in Armenia. This emphasis is reflected in the heightened engagement of
professionals in conducting and participating in clinical trials, attending
international scientific events, and fostering the promising careers of young
specialists. Armenian hematologists-oncologists are also striving to make
contributions to global medical and scientific endeavors. In this context, it is worth
mentioning the commencement of the blastic plasmacytoid dendritic cell
neoplasm (BPDCN) international registry in 2022, initiated by the Immune
Oncology Research Institute, which is the only similar initiative globally [8].

Table 2

Major Hematology and Oncology Conferences

Major Hematology Conferences

Malignant and non-malignant blood
American Society of Hematology disorders, premier global hematology event

30,000+
(ASH) Annual Meeting & Exposition  with research, clinical updates, and
education
European Hematology Association Cutting-edge hematology research and T T
(EHA) Congress clinical updates across Europe and globally ’
British Society for Haematology .
UK-fi d ad h tol ~2,000
(BSH) Annual Scientific Meeting ocused advances In hematology
Society of Hematologic Oncology Hematologic malignancies {leukemias, 5,377
(SOHO) Annual Meeting lymphomas, myeloma) !
Major Oncology Conferences
American Society of Clinical Broad oncology, clinical trials and practice- CEETT
Oncology (ASCO) Annual Meeting changing data across cancers !
European Society for Medical -
Advances in oncology research and care ~25,000
Oncology (ESMO) Congress sy
L U ] Eel e am L Thoracic malignancies (lung cancer focus) ~7,000
Cancer
SABCS (5an Antonio Breast Cancer
( Breast cancer (specialized oncology) ~10,000

Symposium)

Many physician-scientists ultimately choose hematology/oncology because
of the rapid pace of scientific advances and the opportunities for biomedical
research. In addition to traditional bench (“wet lab”) research, many focus on
computational biology and health services (“dry lab”) work. Reviews on ASH
educational resources detail how research priorities (bioinformatics, Real-World
Data, Artificial Intelligence) reshape clinical expectations.
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Conclusion

The clinical and biological overlap between hematology and oncology is
evident, as many cancers originate in the blood, bone marrow, and lymphatic
system, making cancer care and blood-system medicine naturally connected. The
growing convergence of diagnostic and therapeutic strategies, emerging targeted
and cellular approaches further reinforces the rationale for integrating the two
domains. Such combined models reduce fragmentation of care, and facilitate
multidisciplinary management but also demand broad training, a commitment to
lifelong learning, and robust infrastructure. Addressing these challenges may
require a deliberate shift from uniform integration toward structured differentiation
within unity. When sustaining the dual model, aligning incentives across
hematology-oncology practice pathways is essential to prevent underutilization of
the hematology track.
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I'eMaT0JIOTHsA M OHKOJIOTHSA: OT KOHIENTYAIbHON JUXOTOMHUH K
HHTETPHUPOBAHHON JMCHUILIMHE B 3M0XY NATO(HU3H0I0THH paKa

C. A. Muxkaeasn, X. C. Xauarpsn, I'. H. Tamamsn,
M.T. Meauk-Angpeacsid, X. I'. I'puropsin, A. B. Capresin

Ha HepBHﬁ B3IV, TEMATOJIOTUS U OHKOJIOTUA NPCACTABIAKOTCA KaK OTACIbHBIC
MCIUIHUHCKHUEC IOUCHUIIJIMHBI: TEMATOJOIHusA COCPECAOTOUCHA HaA IIATOJOrudX KpOBH,
KOCTHOI'o Mo3ra u JIHM(i)aTH‘IeCKOﬁ CHUCTEMBI, B TO BPEMA KAaK OHKOJIOIUs 3aHUMACTCA
HU3YYCHUEM U JICUCHUECM PA3JIMYHbIX 3JIOKAQUYCCTBCHHBIX HOBOO6paSOBaHHI>i. Ota Tpagu-
O OHHAasA I[I/I(i)(i)epeH]_II/IaLII/IFI CII0COOCTBOBAIIA BOCIIPUATHIO AUXOTOMHUU MEKAY ABYMS
JHUCHHUITIIIMHAMUA. O,E[HaKO JOCTHXXCHHSA B IIOHUMMAaHHUN HaTO(I)I/IBI/IOJ'IOFI/II/I pakKa MoCTercH-
HO pa3MblJIM 3T I'PAHUIIBI, 0COOEHHO B HU3YUCHUH U JICHCHUU I'EMATOJOTHYCCKHUX 3J10-
Ka4YCCTBCHHBIX HOBOO6paSOBaHHﬁ, KOTOPBIC pa3ACISA0OT KIIHOUCBBIC OMOJIOrMYEeCKHE Me-
XaHNU3MbI C COJIMAHBIMU OITYXOJISIMH, HO IIPHU 5TOM Tpe6YIOT CHeHHaJ’IHBHpOBaHHOﬁ Ire-
MaTOJIOTUYECKOM OKCIICPTU3DI. Ota KOHBCPICHIHA cnoco0cTBOBaja (1)OpMI/IpOBaHI/I}O
I/IHTeI‘pHpOBaHHOﬁ JUCUUIUIMHBI — T€MaTOJIOrMU-0OHKOJIOTHHU. B 1aHHOM 0630pe pac-
CMATPHUBAIOTCA KaK HCTOPUYCCKOC PACXOKACHUEC, TaK U Hay‘IHBIﬁ W KIIMHUYECKUI (l)YH'
JaMCHT, O6eCHe‘II/IBa}OHlHﬁ HUHTErpaliuio reMaToJIOTHU U OHKOJIOTHH, U KaK 3Ta UHTC-
T'panys BIIMACT HA IOATOTOBKY CIICIHAJIMCTOB U OpraHu3aluio KJIMHAYECKON MPAaKTUKU
B COBPEMCHHBIX YCJIIOBUAX aKaACMHUYCCKUX, KIIMHUYCCKUX U KaAPOBBIX BbI3OBOB.
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Upnitbwpwinipjnit b ninnigpupwbmipynit. qunuthwpuljub
nppuninnuhwihg dptish htuntgpdwsd nhughuyjhtrm pungljtnh
uyupndpqhninghuwh nupuopguwtmd

U.U. Uhpuytjjul, 2.U. vwsywnpjui, @0, fudwudjul,
U.Q. Ukjhp-Ulinpbwuyui, 2.9 @phgnpyui, U.49. Uupquui

Unwohti hwjugphg htkdwwnninghwt b ouljninghwt hwnku tu quihu
npyku wnwbudht pdojulut nnpunikpn: Upynittwpwinipniip jEunpnuugus
E wpjul, nuljpwénish b thudwnhl hudwljungh wwpninghwubph Jpu, hul
nipnigpupwnipnibp’ swpnpuly hhjwbnn pibubph numdwuhpnippub b
pniddwt Ypu: Uju wjubnuljub mupwbgwnnuip hwigkgpty E tplynt dwu-
twghwnipniuubph dhol phjunwnndhl pujudwi: Ujunmwdbuwguhy, punglyb-
nh wuwpndhqhninghuyh hdwgnipju puuyunidt wunhdwbwpwnp ougky k
wy uwhdwubbpp hwnjuwbu wpwbt supnpuly unpugnjugnipmnibuubph
nuniduwuhpnipjut b pniddwtt hwipgnid, npnup ptb Jhund &t unjhn ni-
nnigpubphtt pinpny hhdtwjwt JEuwpwiwlub dkwthqdubpp, vwlugt
wwhwuonid tu wpnibwpwbtwljub uhn dwubwghnulub thnpdwpnipinii
Uju Untykpghughmtt tyuwuwnty £ wpnibwpwinipnii-ninnigpupwtinipnil
htuwnkgpuwsd nhughyhttugh dbuynpdwn:

Unyu hnpwénid putwplynud i hswhu  wpnibwpwbniput b
nipnigpupwinipjul yundwljub mwpubpwnnidp, wjiybu k) hinkgpdwt
ghnnujut b Y1huthjuywt hhupp, b pk htyybu £ uyt wgnmd  dwubwgnub-
nh yuwnpuwundwt nt gnpéniubnipjub juquuljtpydwt ypu tkpjughu ww-
phlhwljuly, Yihuhjuub b junpuyht dwpnwhpudbptiipnh wuwydwittpnud:
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