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Simple Summary: Canine lymphoma (cL) is currently one of the most common hematopoi-
etic cancers in dogs and shares many similarities with non-Hodgkin’s lymphoma (NHL) in
humans. The aim of this article was to assess the potential of these analogies that make cL
a suitable model for studying NHL and create a capability in understanding of causes, pro-
gression, and therapies for both species. This makes canine lymphoma an excellent model
for developing new immunotherapeutic approaches in translational oncology research.

Abstract: This review comprehensively compares lymphoma in humans and dogs, high-
lighting the canine model’s utility in translational research. Canine lymphoma (cL), predom-
inantly diffuse large B-cell lymphoma (DLBCL), mirrors human non-Hodgkin’s lymphoma
(NHL) in its clinical presentation, including lymphadenopathy, systemic symptoms (e.g.,
fever, weight loss), and hematological abnormalities. Morphologically, cL and NHL share
similarities in DLBCL subtypes (centroblastic, immunoblastic, anaplastic), although some
variations exist, such as the presence of macronuclear medium-sized cells in canine poly-
morphonuclear centroblastic lymphoma, not observed in humans. Canine and human
lymphomas share molecular mechanisms, including the activation of key pathways like
NF-κB and mTOR, and genetic and epigenetic alterations. The tumor microenvironment
influences tumor growth and immune evasion in both species. Both species exhibit similar
responses to chemotherapy, primarily CHOP-based protocols, although canine lymphoma
often progresses more rapidly, offering advantages for shorter clinical trials. Molecular tar-
geted therapy is emerging as a promising treatment, with human therapies like rituximab
and chimeric antigen receptor T-cell therapy showing efficacy, and canine treatments still
developing. Epidemiological data reveal overlapping risk factors, including exposure to
environmental carcinogens (e.g., household chemicals, pollution) and the potential influ-
ence of sex hormones, although the role of sex hormones requires further investigation
in canines. While staging systems differ slightly (Lugano modification of Ann Arbor for
humans, WHO system for dogs), both consider disease extent and systemic involvement.
Prognostic factors, such as lactate dehydrogenase (LDH) levels, are relevant in human NHL
but have not shown consistent utility in cL. This study concludes that the spontaneous
development of cL in immunocompetent dogs, coupled with its clinical, histological, and
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therapeutic similarities to human NHL, makes the canine model invaluable for preclinical
research, accelerating the development of novel diagnostic tools and therapies for both
human and canine lymphoma. The shared environmental risk factors and shorter disease
progression in dogs further enhance the translational potential of this model, promoting a
One Health approach to cancer research.

Keywords: lymphoma; cancer; dog; human; non-Hodgkin’s lymphoma; comparative
oncology

1. Introduction
Lymphoma is the most common neoplasm originating from hematopoietic tissue

occurring in dogs, usually detected in advanced stages (III–V) [1]. The classification used
in human medicine, taken from the World Health Organization (WHO) Classification for
Tumors of Lymphoid Tissues [2], is applicable for diagnosis, where it is simultaneously
observed that in both humans and dogs, the diffuse large B-cell type (DLBC) is the most
common [3]. The dog appears to be a suitable animal model for lymphoma, given the
clinical, genetic and histopathological similarities in the course of the disease [3]. An
additional aspect is the often more rapid course of the disease in dogs [4]. Clinical trials
are shorter in duration, as are periods of remission, and dogs often share a similar living
environment to their caregivers, allowing observation of the influence of environmental
factors on the development of lymphoma [1]. The unique status of dogs in societies means
that they are treated like family members, making their caregivers want to allow them
access to quality medical care [5]. In dogs, lymphoma develops spontaneously; there is
also greater similarity in tumor gene sequences [6], and development better illustrates the
natural course of the disease than in other animal models, such as mice [1]. Because of the
similarity of gene mutations found in humans and dogs, responses to therapy in both cases
are similar [7,8]. The purpose of this article was to provide a comprehensive comparative
analysis of lymphoma in humans and dogs consistent with the current state of knowledge.
Available information was collected and organized, creating a broad overview of the many
aspects of similarities and differences, proving the preponderance of the canine model
over other animal models. Given that lymphoma poses a real threat to the health and
life of both species, deepening our knowledge of them may contribute to improvements
in their diagnosis and treatment [5]. By understanding the mechanisms of the immune
response, the causal relationships leading to the onset and progression of the disease, it
will be possible in the future to introduce innovative techniques in clinical practice [7].

2. Epidemiology and Risk Factors for Canine and Human Lymphomas
Lymphoma in humans is a diverse group of hematologic neoplasms [8]. Non-

Hodgkin’s lymphoma (NHL), the most common hematological malignancy worldwide, is a
blood cancer affecting the lymphatic system [9]. It is the 11th most common cancer diagno-
sis and the 11th leading cause of cancer death globally [10]. The incidence rate of NHL was
18.6 per 100,000 men and women annually, with a mortality rate of 5.0 per 100,000 per year.
These figures are based on data from 2017–2021 for new cases and 2018–2022 for deaths [10].
The incidence of NHL has been rising, with significant regional variations. For instance,
Australia and New Zealand have seen notable increases in incidence rates, while North
African countries experience higher mortality rates [11]. According to the Global Burden of
Diseases report (2019), China faces a significant and increasing burden of lymphoma, with
approximately 101,500 new cases and 47,000 deaths annually [12]. In the United States, the
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incidence rate (per 100,000) doubled from 1975 to 2007 (21.3) and then stabilized, while the
5-year relative survival rates improved from 47% in 1975 to 73.8% in 2018 [13]. What is
noteworthy, in contrast with many European and North American countries, is that there
has been a steady and substantial increase in the incidence of NHL in England over the past
four decades. Overall, the highest increase was observed in males (115%) and those aged
65+ years (109%) [14]. Projections indicate that by 2040, the number of new NHL cases
could reach around 778,000 annually [11]. Risk factors such as obesity and HIV infection are
positively correlated with NHL incidence. NHL occurs more frequently in men, individuals
over 65 years of age, and those with autoimmune disorders or genetic determinants [11].
Infectious agents, primarily viruses, and contact with chemical substances have also been
identified as risk factors for the disease [11]. Most NHL malignancies originate from ma-
ture B lymphocytes, with fewer cases arising from T lymphocytes or natural killer (NK)
cells [15]. The prevalence of NHL subtypes varies geographically; in Western countries,
approximately 85% of cases are B-cell lymphomas and about 15% are T-cell lymphomas,
though these proportions often differ across regions [16]. Developing regions, on the other
hand, report more cases of T- and NK-cell lymphoma and a lower frequency of B-cell
lymphoma, with significantly higher occurrences of high-grade B-cell lymphoma (59.6%)
compared to Western countries (39.2%) [17].

In dogs, lymphoma (canine lymphoma, cL) is one of the most common hematopoietic
malignancies, ranking as the third most frequently diagnosed tumor in small animal
veterinary practice [18]. cL is more common in dogs over 10 years of age and in medium to
larger breeds, with over 80% of cases diagnosed as the multicentric form, predominantly
diffuse large B-cell lymphoma [19,20]. Epidemiological studies suggest dogs can be valuable
models for understanding human health risks due to their shared environment and similar
exposure to risk factors [21]. Although no definitive cause for cL has been identified, living
in industrial areas and contact with carcinogens, such as household chemicals, pollution,
and magnetic fields, are known to increase the risk of disease [22].

The etiology of lymphoma in both humans and dogs is multifactorial, involving viral
infections, genetic and molecular predispositions, immunosuppression, and environmental
influences [8]. Humans and dogs share the same living spaces, breathe the same air, and
their health is often influenced by their shared socioeconomic conditions, including access
to medical or veterinary care, housing quality, and diet [4]. Common environmental
risk factors are evident in the geographic distribution of lymphoma subtypes in both
species [21,23]. For instance, cL prevalence is higher in dogs living in high-traffic or
industrial areas [24,25], paralleling the increased incidence of NHL in humans exposed
to benzene, a significant component of vehicle emissions [26]. Moreover, exposure to
secondhand smoke in dogs’ homes is linked to a higher risk of cL [22], mirroring the
increased risk of follicular NHL in non-smokers exposed to passive smoking [27].

Another known risk factor for developing these cancers is the effects of sex hormones.
In human oncology, a correlation between the amount of sex hormones and the develop-
ment of lymphoma has been observed for years [28,29]. It is suggested that female sex
hormones (estrogens and progesterone) may protect against NHL, as it occurs less fre-
quently in women than in men, and its incidence increases after menopause. Females using
oral hormone therapy, as well as those undergoing hormone therapy post-menopause,
exhibited a reduced risk of developing non-Hodgkin’s lymphoma [30,31]. There is evi-
dence of the influence of sex hormones on the development of tumors in dogs as well.
For example, according to [32], spayed females before their first estrus are less likely to
develop mammary gland tumors [32]. In subsequent years, ovariohysterectomy continued
to be associated with an increased risk of lymphoma [33]. Among the 30 breeds with
adequate sample sizes for analysis, 23 exhibited an elevated risk associated with neutering.
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Specifically, neutering was linked to an increased risk of lymphoid neoplasia in males in
20 breeds and in females in 17 breeds. No breeds demonstrated a reduced risk of lymphoid
neoplasia in neutered animals [34]. Although, there are reports in which this association
has not been substantiated [35].

While there is not a global database specifically tracking canine lymphoma, studies
tend to focus on specific regions. In the United States, cL is one of the most frequently
diagnosed cancers in dogs [36]. Studies from Europe and Australia also report relatively
high incidences, although the disease appears to be more common in certain breeds,
such as Boxers, Golden Retrievers, and German Shepherds, regardless of geography. A
study in Greater Porto, Portugal, compared NHL in humans and cL in dogs, revealing
similarities in geographic distribution and environmental influences [21]. Key findings
included gender and age differences at diagnosis, with hormonal factors and neutering
trends impacting canine NHL. Large and giant dog breeds were more affected, with a
higher prevalence of T-cell lymphoma. Strong spatial correlations between human and
canine NHL cases, especially in urban areas, suggested that dogs may act as sentinels for
environmental risks [37]. Another study investigated the spatial distribution of lymphoma
cases among dogs in the United Kingdom and examined potential environmental risk
factors contributing to the disease [23]. The findings suggested a heterogeneous distribution
of lymphoma, indicating geographic variation that may be associated with environmental
influences, for example herbicide exposure, providing further evidence supporting the role
of environmental factors in the development of lymphoma in dogs [38].

In canines, it has been noted that cL occurs more frequently in males, but this was based
on anecdotal sources, later confirmed by data from the Veterinary Medical Database, one
of the most extensive and comprehensive veterinary databases [33]. It has been observed
that the difference in the incidence of cL between sexes decreases in older dogs. Based on
this, a theory has been proposed that it may be related to hormonal changes occurring in
spayed females similar to those occurring in women reaching menopause [33]. It can be
hypothesized that in dogs, sex influences the risk of lymphoma, and the hormone levels in
intact females reduce this risk [39], but this requires confirmation in further studies. The
mentioned database lacks a division into lymphoma types, so it is not known how many
of these cases concern the non-Hodgkin’s type [33]. The possibility of a protective role of
endogenous estrogens in the etiology of NHL in this species should be investigated.

3. The Molecular Mechanisms of Canine and Human Lymphoma
Canine and human lymphomas share several molecular mechanisms, although there

are distinct differences as well. Both types of lymphomas involve genetic and epigenetic
alterations that drive the onset and progression of the disease. Key pathways implicated
in the pathogenesis of canine lymphoma include the nuclear factor kappa B (NF-κB)
pathway, which is often activated in B-cell lymphomas, and the mechanistic target of
rapamycin (mTOR) pathway, which is frequently altered in T-cell lymphomas [40–42].
Additionally, mutations in genes such as MAP3K14, RB1, TP53, and CDKN2A/B have been
identified as contributing factors [41]. NF-κB overactivation in canine lymphoma leads
to the dysregulation of genes involved in cell proliferation, apoptosis, and inflammation,
contributing to tumorigenesis [43].

Similarly, in human lymphoma, the NF-κB pathway and the PI3K/AKT/mTOR path-
way play crucial roles, with genetic mutations in genes such as BCL2, MYC, and TP53 being
commonly observed and contributing to the dysregulation of apoptosis and cell cycle con-
trol [44,45]. Epigenetic modifications, including DNA methylation and histone acetylation,
further influence gene expression and tumor behavior in both canine and human lym-
phomas [41,45]. Additionally, the tumor microenvironment, comprising immune cells, stro-
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mal cells, and extracellular matrix components, significantly impacts lymphoma pathogen-
esis in both species by providing survival signals and promoting immune evasion [42,45].
Comparative genomic studies have revealed significant similarities between canine and
human lymphomas, suggesting that insights gained from canine models could enhance
our understanding of human lymphomas and improve therapeutic strategies [41,44].

4. Diagnosis of the Lymphomas
4.1. Clinical Symptoms

Lymphadenopathy in the neck and head is the most common symptom of NHL
among human patients, which usually manifests as an enlarged, painless lymph node,
and the disease then spreads to non-adjacent nodes; mediastinal involvement is rare,
while abdominal involvement is more common [46]. For extranodal lymphomas, the most
common location is the palatine tonsils, which causes patients to experience dysphagia
and sore throat, and nasal obstruction if the nasopharynx is involved [46,47]. Lymphoma
can be also suspected in general practice, among patients with B-symptoms: fevers, night
sweats, and weight loss [48]. Other signs seen in lymphomas include sweet syndrome and
dermatologic manifestations; sweet syndrome is a group of symptoms consisting of sudden
erythematous skin lesions, fever, leukocytosis, and neutrophilia [49]. In blood tests may be
observed neutropenia, severe anemia, thrombocytopenia, and hyperphosphatemia with a
>26% increase from baseline [48].

In dogs, the most common form of cL is the multifocal form, which attacks the periph-
eral lymph nodes, leading to lymphadenopathy, but mediastinal or abdominal lymphomas
are also noted [19]. Symptoms that can be seen in dogs, in addition to lymphadenopathy,
are cranial vena syndrome (symmetric, nonpainful, pitting edema of the head, neck, and
forelimbs) or uveitis [19]. Blood tests can show the most common paraneoplastic syndrome,
hypercalcemia, most often linked precisely to the presence of lymphoma [50] and result-
ing from the production of PTH-related peptides (PTH-rPs) by T-cell lymphoblasts [51].
Anemia is a frequently encountered abnormality in lymphoma, mostly normocytic and
normochromic, together with leukocytosis and thrombocytopenia [52]. A comparison of
the characteristic clinical signs of lymphomas in humans and dogs is shown in Figure 1.

Cancers 2025, 17, x FOR PEER REVIEW 5 of 18 
 

 

human lymphomas [41,45]. Additionally, the tumor microenvironment, comprising im-
mune cells, stromal cells, and extracellular matrix components, significantly impacts lym-
phoma pathogenesis in both species by providing survival signals and promoting im-
mune evasion [42,45]. Comparative genomic studies have revealed significant similarities 
between canine and human lymphomas, suggesting that insights gained from canine 
models could enhance our understanding of human lymphomas and improve therapeutic 
strategies [41,44]. 

4. Diagnosis of the Lymphomas 
4.1. Clinical Symptoms 

Lymphadenopathy in the neck and head is the most common symptom of NHL 
among human patients, which usually manifests as an enlarged, painless lymph node, 
and the disease then spreads to non-adjacent nodes; mediastinal involvement is rare, 
while abdominal involvement is more common [46]. For extranodal lymphomas, the most 
common location is the palatine tonsils, which causes patients to experience dysphagia 
and sore throat, and nasal obstruction if the nasopharynx is involved [46,47]. Lymphoma 
can be also suspected in general practice, among patients with B-symptoms: fevers, night 
sweats, and weight loss [48]. Other signs seen in lymphomas include sweet syndrome and 
dermatologic manifestations; sweet syndrome is a group of symptoms consisting of sud-
den erythematous skin lesions, fever, leukocytosis, and neutrophilia [49]. In blood tests 
may be observed neutropenia, severe anemia, thrombocytopenia, and hyperphos-
phatemia with a >26% increase from baseline [48]. 

In dogs, the most common form of cL is the multifocal form, which attacks the pe-
ripheral lymph nodes, leading to lymphadenopathy, but mediastinal or abdominal lym-
phomas are also noted [19]. Symptoms that can be seen in dogs, in addition to lymphad-
enopathy, are cranial vena syndrome (symmetric, nonpainful, pitting edema of the head, 
neck, and forelimbs) or uveitis [19]. Blood tests can show the most common paraneoplastic 
syndrome, hypercalcemia, most often linked precisely to the presence of lymphoma [50] 
and resulting from the production of PTH-related peptides (PTH-rPs) by T-cell lympho-
blasts [51]. Anemia is a frequently encountered abnormality in lymphoma, mostly normo-
cytic and normochromic, together with leukocytosis and thrombocytopenia [52]. A com-
parison of the characteristic clinical signs of lymphomas in humans and dogs is shown in 
Figure 1. 

 

Figure 1. Clinical symptoms of lymphomas. Symptoms of lymphoma in dogs may include general
lymphadenopathy, uveitis, weight loss, cranial vena syndrome, and enlargement of spleen and liver,
leading to discomfort in the abdomen [19]. Human patients may suffer from single lymph node
enlargement, abdominal pain caused by splenic and hepatic enlargement, and B-symptoms like fever
and night sweats [48].
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4.2. Lymphomas Morphology

The morphology of DLBCL (diffuse large B-cell lymphoma) in humans is divided
into three most common variants: centroblastic, immunoblastic, and anaplastic [53]. Cen-
troblastic lymphoma is characterized by lymphoid cells of medium to large size, with
nuclei containing fine chromatin, and it is also the most common type of DLBCL [53].
The immunoblastic variant is a tumor composed of more than 90% immunoblasts, with a
large nucleus, a centrally located nucleolus, and a strongly basophilic cytoplasm [53]. In
anaplastic lymphoma, on the other hand, we observe cells with large pleomorphic nuclei
(one to several per cell) that resemble Hodgkin/Reed–Sternberg cells or anaplastic large
cell lymphoma (ALCL) tumor cells [53]. Human Burkitt’s lymphoma (BL) is characterized
by medium-sized cells with round nuclei, numerous nucleoli, a basophilic cytoplasm, and
frequent mitosis, creating a “starry sky” image [53]. The morphological types of DLBCL
and BL cells are shown in Figure 2.
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medium-sized cell with round nuclei and frequent mitosis, creating a “starry sky” image.

Morphologically, canine lymphomas are similar to human DLBCL [54]. In their evalu-
ation, tumor architecture, tumor cell morphology (i.e., size, shape and nuclear/cytoplasmic
features) and mitotic activity are considered [3]. The most common types of lymphomas
described in dogs were also centroblastic and immunoblastic variants, whose morpholog-
ical classification is similar to that used in humans, and described in the REAL (Revised
European-American Classification of Lymphoid Neoplasms) and WHO classification [55].
In dogs, as in humans, DLBCL tumors consist of large B lymphocytes that obliterate
normal tissue morphology, appearing nodal and extranodal, particularly intestinal and
mucosal (MALT) [55]. Macronuclear medium-sized cells (MMCs), mixed with large blastic
cells, are commonly observed in dogs for polymorphonuclear centroblastic lymphoma
and immunoblastic lymphoma, but have not yet been observed in humans, suggesting
a transformation of these lymphoma types in dogs from marginal zone lymphoma [55].
Other common morphological types of lymphoma in dogs are peripheral T-cell lymphoma
(PTCL-NOS), nodal marginal zone lymphoma (NMZL), and T-zone lymphoma (TZL),
which are relatively less common in humans [3]. Tumors similar to Burkitt’s lymphoma in
dogs are morphologically similar to those in humans, and in the case of these tumors in
the canine population, an additional high growth fraction (80% of cells positive for Ki-67)
has been observed, which is similar to the nearly 100% Ki-67 value in Burkitt’s lymphoma
in human patients [55]. Table 1 presents different forms and histologic characteristics of



Cancers 2025, 17, 596 7 of 18

cL and NHL lymphoma. At the same time, in Figure 3, there is a comparison of incidence
among the most common histological forms of lymphoma in dogs and humans.

Table 1. Comparison of the histological structure of lymphomas occurring in dogs and humans [3].

Form of the Lymphoma Canine—Histologic
Characteristics

Human—Histologic
Characteristics

DLBCL

Large cells with round
nuclei. One or multiple

nucleoli. High mitotic rate
and “starry sky”

appearance.

Large cells with round
nuclei. Both immunoblasts

and centroblasts. High
mitotic rate and “starry

sky” appearance.

Mantle Cell Lymphoma

Small- to
intermediate-sized cells;
scant cytoplasm, round

nuclei with dense
chromatin, and

inconspicuous nucleoli.
Varied mitotic rate.

Very heterogeneous; small
to large cells; round to
irregular nuclei; varied

nucleoli and mitotic rate

Splenic Marginal
Zone Lymphoma

Intermediate-sized cells;
abundant pale cytoplasm;

irregular nuclei with
peripheralized chromatin,

single nucleolus; rare
mitotic figures.

Biphasic-Small cells with
scant cytoplasm and round
nuclei; intermediate-sized

cells with abundant
cytoplasm and irregular

nuclei; rare mitotic figures.

Nodal Marginal
Zone Lymphoma

Mixed. Mostly
intermediate-sized cells

with pale cytoplasm,
irregular nuclei, peripheral

chromatin, and
one nucleolus.

Intermediate-sized cells
with pale cytoplasm and

irregular nuclei
(centrocyte-like) and large
cells with abundant pale
cytoplasm and irregular

nuclei (monocytoid).

Follicular Lymphoma

Mixed. Mostly small cells
with clear cytoplasm, pale

chromatin, and
inconspicuous nucleoli

(centrocytes) with fewer
large cells with dark blue

cytoplasm, vesicular nuclei,
and 1–3

nucleoli (centroblasts).

Similar

PTCL-NOS (Peripheral
T-cell lymphoma)

Small to large
(heterogeneous) with

irregular nuclei, variable
chromatin, prominent
nucleoli, and varied

mitotic activity

Similar

T-zone lymphoma

Small- to
intermediate-sized cells;

moderate amount of pale
cytoplasm; oval to elliptical
nuclei with sharp, shallow
indentations; nucleoli and
mitotic figures are sparse.

Similar
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5. Treatment
5.1. Staging

Treatment of the disease depends on the clinical staging of the lymphoma, which
furthermore helps with defining disease location, provides prognostic information, and
allows comparison among studies [57]. Classification of lymphoma in humans in clinical
practice is based on the Lugano modification of the Ann Arbor scale, distinguishing four
stages of the disease and an E subclassification, denoting involvement of a single extranodal
area in stage I or limited involvement of adjacent nodal areas in stage II [58]. It also defines
bulky disease, which is an extensive nodal mass defined as greater than 5–10 cm, visible on
CT [59]. Staging in dogs is a form of WHO staging, also taking into account the presence of
systemic symptoms [19]. A comparison of these staging systems is explained in Table 2
and illustrated in Figure 4.

Table 2. Comparison of Lugano Ann Arbor staging systems in humans and WHO clinical staging
system for dogs.

Lugano Modification of Ann Arbor Staging Systems of
Lymphomas in Humans WHO Clinical Staging System for Lymphoma in Dogs

Stage I: Involvement in 1 lymph region only or single
extranodal site

Stage I: Involvement limited to a single node or lymphoid
tissue in a single organ (excluding bone marrow)

Stage II: Involvement in ≥2 lymph regions on the same
side of the diaphragm, and may include limited

contiguous extranodal involvement

Stage II: Involvement of many lymph nodes in a regional
area (with or without involvement of the tonsils)
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Table 2. Cont.

Lugano Modification of Ann Arbor Staging Systems of
Lymphomas in Humans WHO Clinical Staging System for Lymphoma in Dogs

Stage III: In the lymph nodes, spleen, or both and on both sides
of the diaphragm Stage III: Generalized lymph node involvement

Stage IV: extranodal involvement (bone marrow, lungs, liver) Stage IV: Stage I, II, or III with liver or spleen involvement

- Stage V: Stage I, II, III, or IV with manifestation in the blood and
involvement of bone marrow or other organ systems

Subclassification E indicates single extranodal site involvement
in stage I or limited contiguous extranodal involvement in stage
II. Involvement of non-contiguous extranodal sites is considered

stage IV.
Bulky disease is defined as a single nodal mass of ≥10 cm in

maximum dimension based on CT imaging.

Each stage is further classified into substages based on the
presence of systemic signs: substage a = absence of systemic
signs; substage b = presence of systemic signs (fever, >10%

weight loss, hypercalcemia)
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Figure 4. Graphic comparison of WHO staging system for lymphoma in dogs and Lugano modifica-
tion of Ann Arbor staging systems of lymphomas in humans. In dogs: Stage I—Involvement limited
to a single node or lymphoid tissue in a single organ (excluding bone marrow); Stage II—Involvement
of many lymph nodes in a regional area (with or without involvement of the tonsils); Stage III—
Generalized lymph node involvement; Stage IV—Stage I, II, or III with liver or spleen involvement;
Stage V—Stage I, II, III, or IV with manifestation in the blood and involvement of bone marrow, OUN,
or other organ systems. In humans: Stage I: Involvement in 1 lymph region only/single extranodal
site; Stage II: Involvement in ≥2 lymph regions on the same side of the diaphragm, and may include
limited contiguous extranodal involvement; Stage III: In the lymph nodes, spleen, or both and on
both sides of the diaphragm; Stage IV: Extranodal involvement (bone marrow, lungs, liver).

5.2. Chemotherapy Protocols

The treatment of cL primarily revolves around chemotherapy, which is the most
effective approach, particularly for the multicentric form of the disease [40]. The CHOP
protocol (cyclophosphamide, doxorubicin, vincristine, and prednisone) is the standard
regimen, utilizing a combination of drugs to target cancer cells from multiple angles,
reduce resistance, and minimize side effects [40]. Another safe and effective method
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for the treatment for lymphoma in dogs is rabacfosadine (RAB), a novel chemotherapy
agent conditionally approved for the treatment of lymphoma in dogs [60]. RAB is a
chemotherapy drug developed specifically for dogs, and, unlike standard chemotherapy
drugs, RAB has a unique mechanism of action, making it suitable for use in combination
with other treatments or in CHOP-based protocols to extend remission and delay drug
resistance [60]. A new, first conditionally approved oral drug to treat lymphoma in dogs is
verdinexor in tablets [61]. It shows potential in maintaining or improving dogs’ quality of
life, though its role in oncology protocols is still being studied. Current research focuses
on optimizing dosage, identifying chemotherapy combinations, and determining its best
applications [62]. Chemotherapy is typically administered in cycles over several months
and, while it may cause side effects like vomiting, appetite loss, or temporary hair thinning,
it is often well-tolerated by dogs and can lead to remission lasting up to a year or more [40].
Commonly included in treatment of cL are steroids, such as prednisone, for their anti-
inflammatory and immune-modulating effects. They prove to be particularly effective
in reducing lymph node swelling and are also used for palliative care in cases where
chemotherapy is not feasible. However, steroids alone are not curative and are usually part
of a broader treatment plan [63].

Another option for localized lymphoma cases is radiation therapy, as it targets specific
lymph nodes or affected areas. Though less commonly used for the multicentric type,
it can be beneficial in certain scenarios [64]. Dogs undergoing radiation therapy often
require multiple anesthesia sessions due to the need for precise targeting. An experimental
approach is bone marrow transplantation, and while potentially groundbreaking, it is not
yet a standard practice due to its high cost and complexity [65]. Other emerging treatments
are immunotherapy and targeted therapy, such as monoclonal antibodies that selectively
target cancer cells. Notable examples include Anti-CD20, mAb 231, and Anti-HLA-DR [66].
For advanced cases or when aggressive treatment is not an option, palliative care prioritizes
comfort and quality of life through symptom management and pain relief. This approach
ensures that even in untreatable stages, the dog’s well-being remains the central focus.

Lymphoma treatment in humans involves a multifaceted approach tailored to the
type and stage of the disease. Chemotherapy is the cornerstone treatment, with regimens
like CHOP or R-CHOP commonly used for aggressive NHL and ABVD for Hodgkin’s
lymphoma [67]. R-CHOP combines rituximab (a monoclonal antibody targeting CD20)
with cyclophosphamide, doxorubicin, vincristine, and prednisone, while ABVD stands for
a treatment with doxorubicin, bleomycin, vinblastine, and dacarbazine [68]. Radiation ther-
apy is employed to treat localized lymphoma, particularly in Hodgkin’s lymphoma, where
it helps shrink tumors in specific areas. In advanced stages, it complements chemotherapy
to target residual disease [69]. For relapsed or refractory cases, stem cell or bone marrow
transplants may be considered. These involve either harvesting the patient’s stem cells
(autologous) or using a donor’s (allogeneic) after intensive chemotherapy to rebuild the im-
mune system. While potentially curative, these procedures carry significant risks, including
infection and graft-versus-host disease [70]. Immunotherapy is also a rapidly advancing
field. Monoclonal antibodies like rituximab and chimeric antigen receptor T-cell therapy
(CAR T-cell therapy), which genetically modifies a patient’s T cells to target lymphoma cells,
are showing promise in treating aggressive lymphomas [71]. Additionally, new targeted
drugs, such as Bruton’s tyrosine kinase (BTK) inhibitors and phosphoinositide 3-kinase
(PI3K) inhibitors, focus on disrupting molecular pathways that are crucial for lymphoma
cell survival [72]. Targeted therapy provides a more personalized treatment approach,
aiming at specific cancer growth molecules and offering fewer side effects compared to
traditional chemotherapy [72]. For patients with advanced lymphoma, palliative care
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focuses on improving quality of life through symptom management, pain control, and
emotional support.

Assessing prognosis in human patients with DLBCL (diffuse large B-cell lymphoma)
is usually based on risk assessment using the International Prognostic Index (IPI), which
takes into account the following: age over 60, elevated serum lactate dehydrogenase (LDH)
levels, advanced-stage disease, or poor performance status as poor prognostic factors [73].
In the case of lobular lymphoma, patients’ survival time can exceed 10 years, and it is a
disease with a variable course, with stage I and II patients usually having a benign disease
course [73]. Mantle cell lymphoma has a similar presentation, with a median survival
of about 5 years, and a certain group of patients may only be observed at first [73]. An
increase in LDH activity is an important prognostic factor in human NHL [74]; however,
this test has not been shown to be useful in a similar evaluation in dogs with cL [75].

Response to therapy in dogs also depends on the type and subtype of lymphoma [2].
Complete remission is more often achieved in animals with aggressive B-cell lymphoma
than in other morphological types. Indolent lymphomas, in general, do not respond to
chemotherapy, and even if remission is achieved, the disease almost always returns [76].
Among them, marginal zone lymphoma, mantle cell lymphoma, and T-cell lymphoma
are distinguished. In contrast to subtype-independent survival times of 10–12 months
for canine B-cell lymphoma and 6 months for canine T-cell lymphoma, subtype-specific
survival times of 21 and 33 months have been reported for indolent forms of lymphoma [3].
At the same time, indolent lymphomas do not always require treatment and can often
be treated as a chronic disease that requires only “watchful waiting” [77]. Aggressive
T-cell lymphomas, on the other hand, are considered cancers with a low response rate
to treatment, and thus a poorer prognosis and incidence of relapse, and CHOP-based
protocols in dogs have failed to induce sustained remission in most dogs with aggressive
T-cell lymphomas [76].

5.3. Molecular Targeted Therapy

Molecular targeted therapy has revolutionized the treatment of both human and
canine lymphoma by focusing on specific molecular pathways involved in tumorigenesis.
In human lymphoma, targeted therapies such as rituximab, brentuximab vedotin, and CAR
T-cell therapy have shown significant efficacy by targeting surface antigens and intracellular
pathways, including the NF-κB and PI3K/AKT/mTOR pathways [78,79]. These therapies
have improved response rates and overall survival, although resistance mechanisms such
as antigen escape and mutations in signaling pathways remain challenges [78]. In canine
lymphoma, targeted therapies are still in the early stages of development, but optimistic
results have been observed with agents targeting similar pathways, such as the NF-κB
and mTOR pathways [40,66]. Inhibitors of the NF-κB pathway, such as parthenolide, have
shown promise in preclinical studies by inducing apoptosis and reducing tumor growth in
canine lymphoma models [42].

Comparative studies have highlighted the potential of using canine models to bridge
the translational gap between preclinical studies and human clinical trials, given the
similarities in disease biology and response to therapy [66]. Further research into these
targeted therapies could lead to more effective and personalized treatment options for
canine lymphoma, ultimately improving prognosis and survival rates [40]. Both human and
canine lymphomas benefit from these therapies, which disrupt key molecular pathways,
but the development and application of these therapies are more advanced in human
medicine [66,78]. The main differences lie in the availability and regulatory approval of
targeted agents, with more options currently approved for human use [79].
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5.4. The Influence of Antiestrogens

The beneficial effects of antiestrogens (such as tamoxifen or diethylstilbestrol) have
been suggested in the remission of chronic lymphocytic leukemia and recurrent lymphomas
in humans [80]. However, in dogs, estrogen and progesterone receptors are practically
undetectable in the cytosol of cancer cells [80], indicating the ineffectiveness of hormone
therapy in this species. This was confirmed in a pilot study on five dogs with NHL, where
despite the presence of numerous binding sites for antiestrogens, no positive response to
treatment was observed [80].

Tumor-suppressing effects of sex hormones on mantle cell lymphoma have been
observed in a recent study, where mice were transplanted with MCL cells and treated
with estrogen, selectively activating its receptor β (ESR2). The activation of ESR2 led to
a decrease in MCL tumor growth, potentially explaining the observed sex differences in
mankind. Additionally, targeting ESR2 could be considered as a treatment option for
MCL [81]. Both selective and non-selective estrogen receptor β (ERβ) agonists exhibit
antiproliferative and pro-apoptotic effects on human lymphoma cell lines, suggesting their
potential efficacy in treating ERβ-positive lymphomas and leukemias. However, in canine
lymphoma tissues, estrogen receptor (ER) expression has been barely noticed over the
years. Preliminary studies, based on available data, indicate that unlike in humans, the
predominant ER in canine hematopoietic tumors is ERα [82].

6. Can a Dog Be a Model for Lymphoma in Humans?
The primary animal models for lymphoid tumor research are usually immunocom-

promised mice with transplanted human tumor cells or mice with a disabled gene whose
blockade makes it possible to study oncogenic pathways [1]. In laboratory studies, however,
immunocompetent mice, in which tumor induction and growth prove problematic, are an
obstacle. Gene-excluded mice, suitable for monogenic diseases, may also be a difficulty,
which may not be sufficient for polygenic lymphoma research [1]. The canine model can
overcome some of the stated difficulties in conducting in-vivo studies. The incidence of
lymphoma in dogs is spontaneous, involving animals without a homogeneous genetic back-
ground, as well as immunocompetent patients. Studies can be conducted without genetic
engineering. It is also possible to organize dogs into breeds with a relatively homogeneous
genetic background and a clear predisposition to lymphoma [5].

Due to common risk factors and similar developmental pathways, as well as
histopathological and biological features, cL can be considered a potential model for
NHL research in humans [5]. This observation lays the groundwork for revolutionary
research that could accelerate advances in the treatment of these cancers, which are oc-
curring with increasing frequency in populations of both species [19]. In addition to the
reported increase in incidence in both species, there are many other similarities between
cL and NHL, including clinical presentation, molecular biology, treatment course, and
response to therapy [19]. Dogs can, therefore, serve as models for research into the causes,
progression, and development of new therapies for lymphoma. The similarities between
cL and NHL make the dog a suitable model for research for both veterinary medicine and
human medicine. Translational medicine makes the development of research about cL
beneficial for human patients, as NHL accounts for nearly 3% of cancer diagnoses and
deaths, which makes it the seventh most prevalent cancer, and its incidence has increased
168% since 1975 [9].

Analyzing the effect of the environment on the development of lymphoma in dogs
can provide valuable insights into how the same environment influences the incidence
of this disease in humans. The shorter lifespan of dogs means that these observations
can be made much more quickly than in humans [4]. A canine model of lymphoma was
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also used to evaluate the usefulness of an anti-HLA-DR monoclonal antibody (mAb),
which can help achieve disease stabilization in both humans and dogs [83]. Moreover, the
findings supported the idea that the canine model could be used to evaluate the safety
and efficacy of the anti-HLA-DR mAb in both dogs and humans [83]. The similarities
between canine and human cancers make it possible to study complex immune interactions
during immunotherapy [66]. This provides new opportunities for drug discovery that
can be used in treatment protocols in both species. However, the further development
of immunotherapy requires many efforts, in which the inclusion of the canine model in
the path of faster development of immunotherapeutic drugs seems to be an important
solution, enabling the emergence of an integrated platform for drug discovery through the
collaboration of veterinary and human medicine [84].

Due to the increasing lifespan of dogs, it is possible to observe environmental factors
influencing diseases that manifest later in life. Canines, as a more closely related species,
enable more precise analysis of drug parameters such as pharmacokinetics and pharma-
codynamics [66]. As a result of the shorter development time of lymphoma in dogs, it is
more manageable to delve into the topic of tumor initiation and promotion, circumvent-
ing certain limitations present in the murine model [1,4]. Consequently, it enables us to
incorporate the findings of pet trials in human trials. Eventually, correspondence between
lymphomagenesis may help in identifying key gene mutations in both species [5].

7. Conclusions
The research of lymphoma in dogs provides a remarkable opportunity for advancing

both animal and human medicine. Canines present with lymphomas closely related to
human NHLs, sharing not only similar environmental risk factors but also histologic
characteristics and spontaneous disease progression, making them a model that closely
resembles human lymphomas. This can contribute to a more translational approach in
studying lymphoma pathogenesis and progression, as well as therapeutic responses. With
advances in molecular therapies, including targeted therapies, immunotherapy, gene
therapy, molecular biomarkers, and microbiome research, both species stand to benefit.
In particular, the study of lymphoma in dogs offers insight into the efficacy of inhibitors
targeting key pathways like NF-κB and PI3K/Akt/mTOR and how immunotherapies such
as monoclonal antibodies and CAR-T cell treatments can be adapted for veterinary use.
As research progresses, canine models will continue to inform developments in human
medicine, helping refine cancer treatments and improve diagnostics. Implementing the One
Health approach to researching interactions between human and animal health underscores
how advancements in one field can propel progress in the other, making modern medicine
more versatile, innovative, and impactful for all species.
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Abbreviations

ALCL anaplastic large cell lymphoma

ABVD
chemotherapy protocol based on doxorubicin, bleomycin, vinblastine, and
dacarbazine

BL Burkitt’s lymphoma
BTK Bruton’s tyrosine kinase

CHOP
chemotherapy protocols based on C-cyclophosphamide, doxorubicin,
vincristine, and prednisolone

CL canine lymphoma
DLBCL diffuse large B-cell lymphoma
ER estrogen receptor
ERα estrogen receptor α
ERβ estrogen receptor β
ESR2 estrogen’s receptor 2
IPI International Prognostic Index
LDH lactate dehydrogenase
MALT mucosa-associated lymphoid tissue
MCL mantle cell lymphoma
MMCs macronuclear medium-sized cells
mAb monoclonal antibody
mTOR mechanistic target of rapamycin
NF-κB nuclear factor kappa B
NHL non-Hodgkin’s lymphoma
NMZL nodal marginal zone lymphoma
NK natural killer
PI3K phosphoinositide 3-kinase inhibitors
PTH-rP PTH-related peptide
PTCL-NOS peripheral T-cell lymphoma
RAB rabacfosadine

R-CHOP
chemotherapy protocol based on rituximab with cyclophosphamide,
doxorubicin, vincristine and prednisone

REAL Revised European-American Classification of Lymphoid Neoplasm
TZL T-zone lymphoma
WHO World Health Organisation
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