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ABSTRACT
Splenic nodular lesions in dogs can be either benign or malignant. They might be discovered 
incidentally or, in case of rupture, they may lead to hemoabdomen. Nevertheless, splenectomy 
followed by histopathology is essential for diagnosis and to prevent rupture. Yet, this invasive 
procedure might be postponed for dogs with benign splenic nodular lesions. Conversely, 
owners may opt for euthanasia over surgery for malignancies with poor prognosis like 
hemangiosarcoma. Thus, anticipating diagnosis with non-invasive biomarkers is crucial for 
proper patient management. In this prospective study, plasma samples were collected from 66 
dogs with histologically confirmed splenic nodular lesions. A canine-specific ELISA kit was 
applied to assess nucleosome concentration, with histopathology of the spleen serving as the 
gold standard. Nucleosome concentration was found to be significantly higher in dogs with 
malignant splenic nodular lesions, particularly in those with hemangiosarcoma and other 
malignancies. The presence of hemoabdomen, more prevalent in dogs with splenic malignancy, 
also resulted in increased plasmatic nucleosome concentrations. Plasma nucleosomes could 
serve as a biomarker for detecting malignant splenic nodular lesions in dogs. More research is 
needed to understand how nucleosome concentration relate to disease stage and prognosis 
in dogs with hemangiosarcoma.

Focal or multifocal splenic nodular lesions are fre-
quently observed in elderly dogs (Cleveland and 
Casale 2016), the majority of which are benign, 
including hematoma, nodular hyperplasia, and, rarely, 
myelolipoma (Eberle et al. 2012; Cleveland and Casale 
2016; Fernandez et  al. 2019). Nodular hyperplasia is 
characterized by a benign proliferation of resident 
splenic cells, and can be further categorized into 
lymphoid, hematopoietic, and complex types, with 
lymphoid and complex nodular hyperplasia being 
most frequently diagnosed (Moore et  al. 2012; 
Cleveland and Casale 2016; Sabattini et  al. 2018). The 
classification relies on the predominant cellular com-
ponent identified histologically, after splenectomy 
has been performed.

Conversely, malignant splenic nodular lesions arise 
from different cell types, including smooth muscle, 
fibrous, nervous, vascular, histiocytic, and lymphoid 
tissues. In dogs, most common malignant splenic 
nodular lesions include hemangiosarcoma and, more 
rarely, lymphoma (Eberle et  al. 2012; Cleveland and 
Casale 2016; Fernandez et al. 2019). Hemangiosarcoma 
is frequently associated with organ rupture and 

hemoabdomen carrying a poor prognosis, with a 
median survival time of 2-3 months for dogs under-
going surgery alone, and 4–6 months if adjuvant che-
motherapy is administered (Wood et  al. 1998; 
Hammond and Pesillo-Crosby 2008; Wendelburg 
et  al. 2015; Fernandez et  al. 2019; Faroni et  al. 2023). 
Less frequent malignant tumors affecting the spleen 
include histiocytic sarcoma and stromal sarcoma 
(Sabattini et  al. 2022; Ferrari et  al. 2024).

Due to the vascular nature of the spleen, even 
benign splenic nodular lesions may pose a life-threat-
ening risk, due to their potential rupture and subse-
quent acute hemoabdomen (Aronsohn et  al. 2009). 
In particular, the differential diagnosis between 
hematoma and hemangiosarcoma is challenging, 
since both lesions often go unnoticed until rupture, 
necessitating emergency surgery, and present with 
pooled blood in the splenic parenchyma due to 
hemorrhage or disrupted blood flow, thus adding 
complexity to clinical and histologic diagnosis 
(Herman et  al. 2019, Schick and Grimes 2022).

The intricate nature of splenic nodular lesions, 
coupled with the challenge of distinguishing these 
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lesions using ultrasound or even computed tomogra-
phy (Kutara et  al. 2017; Cudney et  al. 2021; Millar 
and Zersen 2021; Burti et  al. 2022), underscores the 
need for advanced diagnostic strategies and compre-
hensive approaches to improve malignancy detec-
tion. Indeed, owners may have to face the decision 
of whether to pursue surgery without having any 
prognostic information available. Thus, for a appro-
priate patient management and owner communica-
tion, it would be very useful to anticipate the nature 
(benign or malignant) of a splenic nodular lesion 
identified via ultrasound even in the absence of signs.

Liquid biopsy methods offer a minimally invasive 
means of screening for cancer through a blood test, 
identifying circulating tumor cells, extracellular 
nucleic acids, exosomes, nucleosomes, and antigens, 
each with varying sensitivity and specificity (Bao 
et  al. 2024; Flory and Wilson-Robles 2024). Nucleo
somes, composed of a DNA segment wrapped 
around four core histones, play a vital role in chro-
matin assembly, DNA protection, and gene regula-
tion across eukaryotic species. Recent studies have 
shown promising results in defining the plasma 
nucleosome compartment in several canine cancers, 
including hemangiosarcoma and lymphoma (Wilson-
Robles et  al. 2020; Dolan et  al. 2021; Wilson-Robles 
et  al. 2021; Wilson-Robles et  al. 2022, 2023).

Accurate differentiation between malignant and 
benign splenic nodular lesions is crucial for timely 
clinical intervention and treatment planning. Given 
their frequency and nature, splenic nodular lesions 
represent a relevant field to explore for the develop-
ment of nucleosome detection by liquid biopsy, 
offering a screening method for a more accurate 
selection among diagnostic and therapeutic options. 
The various types of splenic nodular lesions, as men-
tioned, have important clinical implications, as one 
might opt for vigilant monitoring in the case of 
benign lesions or splenectomy if malignancy is 
suspected.

In the current study, we aimed to investigate 
whether plasma nucleosome levels varied with differ-
ent splenic nodular lesions in dogs by employing an 
enzyme-linked immunosorbent assay (ELISA) kit spe-
cifically designed for the canine species (Wilson-
Robles et  al. 2020). This prospective study was 
designed to enroll dogs with single or multiple 
benign and malignant splenic nodular lesions for a 
comprehensive assessment of nucleosome concen-
trations in diverse clinical conditions, including those 
with and without hemoabdomen. The hypothesis 
was that plasma nucleosome concentrations would 
be higher in dogs with malignancy compared to 
those with benign splenic nodular lesions.

Materials and methods

The present study was approved by the Organismo 
Preposto al Benessere Animale (OPBA), University of 
Milan, with protocol number 130_2021. Dogs under-
going splenectomy due to focal or multifocal lesions 
were enrolled from four different Institutions in Italy. 

Dogs concurrently diagnosed with any systemic, 
chronic and severe inflammatory disease were 
excluded from the study. The diagnostic workup to 
assess concomitant diseases varied among cases, 
based on the clinical presentation and clinician’s 
preferences. On the day of surgery, before any drug 
administration, whole blood was collected from each 
dog and immediately placed in EDTA tubes. After 
surgical removal, spleen was collected and processed 
for histopathology.

Within 40 min of sampling, each EDTA blood tube 
was centrifuged at 3000 g for 10 min at room tem-
perature, and the resulting plasma was separated 
keeping the buffy coat layer intact and stored at 
−20° until processing (for a maximum of 2 months). 
Plasma samples were thawed to be processed in 
batches with the Nu.QTM H3.1 assay (Volition 
Veterinary, Henderson, NV, USA). The manufacturer’s 
instructions and protocols previously published were 
applied (Wilson-Robles et  al. 2020), with the excep-
tion of storage temperature at −20° instead of −80° 
until processing.

A pilot study to investigate the impact of sample 
storage temperature on nucleosome stability was 
conducted. Briefly, 10 canine blood samples received 
at the laboratory for various purposes were pro-
cessed as detailed previously. Each sample was 
divided into two aliquots: one stored at −20 °C and 
the other at −80 °C. Both aliquots were kept for the 
same duration, up to a maximum of 2 months, before 
processing. Nucleosome concentration was assessed 
in both aliquots within a single experiment, and the 
results were compared using Spearman and Passing-
Bablok tests. Significant correlation was observed 
between the results obtained from the −20 °C ali-
quots and those from the −80 °C aliquots (p = 0.001, 
r = 0.867), despite a negative proportional error 
(slope: 0.2998; 95% CI: 0.0308-0.7090).

For each dog, the following variables were 
recorded: breed (pure, mixed), sex (female, spayed 
female, male, neutered male), age (years), weight 
(kgs), histopathologic diagnosis, hemoabdomen 
(present, absent), number of lesions (single, multi-
ple), lesion size (only for dogs with single lesion), 
ongoing therapies (if any).

For statistical purposes, dogs were grouped based 
on the histopathologic diagnosis into those with 
malignant and benign splenic nodular lesions. Dogs 
with splenic malignancy were further subdivided into 
dogs with hemangiosarcoma and dogs with other 
malignancies. The nucleosome concentration data 
were assessed for normality using the Shapiro-Wilk 
test. Thereafter, Mann-Whitney test was applied to 
assess potential differences in median nucleosome 
concentration between groups. Contingency tables 
were prepared, and the Fisher exact test was applied 
to assess possible differences in the prevalence of 
hemoabdomen and larger lesion size between dogs 
with and without malignancy. All tests were first per-
formed on the entire population of dogs. 
Subsequently, analyses were stratified based on  
the presence of hemoabdomen and lesion size  
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(< or ≥ median value of the study population, 60 mm). 
Differences between dogs with and without hemoab-
domen were also assessed using the same test. 
Finally, a Receiving Operator Characteristics (ROC) 
curve was drawn and coordinates were used to 
select the nucleosome concentration most suitable 
to discriminate between dogs with benign and 
malignant splenic nodular lesions. Statistical analyses 
were performed with the dedicated software SPSS 
v29.0 for Windows (IBM, Somers, NY), and signifi-
cance was set at p ≤ 0.05.

Results

A total of 66 dogs were enrolled, consisting of 27 
(40.9%) mixed breed dogs and 39 (59.1%) purebred, 
with Labrador Retriever (n = 6), German Shepherd 
(n = 5), Golden retriever (n = 3), Cocker Spaniel (n = 3) 
and Jack Russell (n = 3) being the most frequent 
breeds. Thirty-five (53.0%) dogs were male (14 neu-
tered) and 31 (47.0%) females (21 spayed). Median 
age was 11 years (range, 6-16 years) and median 
weight was 25.6 kgs (range, 5.2-57.0 kgs). Clinical 
data are listed in Supplementary Table 1.

Eleven (16.7%) dogs were undergoing various 
therapies at the time of sampling, primarily for con-
current chronic conditions, including dermatopathies 
(n = 2), congestive heart failure (n = 2), hypothyroid-
ism (n = 2), Addison disease (n = 1), chronic kidney 
disease (n = 1), epileptic seizures (n = 1), chronic lym-
phocytic leukemia (n = 1), urinary tract infection 
(n = 1), and gastritis (n = 1).

At the time of splenectomy, hemoabdomen was 
present in 34 (51.5%) dogs.

Based on histopathology, 38 (57.6%) dogs had 
benign lesions, while 28 (42.4%) dogs had cancer. 
Among the latter, there were 20 hemangiosarcoma, 4 
indolent B-cell lymphoma, 2 stromal sarcoma, 1 met-
astatic adenocarcinoma and 1 anaplastic round cell 
tumor staining negative for CD3, CD20, IBA-1, MUM-
1, CD11d by immunohistochemistry (IHC). Twenty-
two (78.6%) dogs with cancer had hemoabdomen, 
and 6 (21.4%) did not.

Among dogs with benign lesions, 21 (55.3%) had 
lymphoid nodular hyperplasia, 6 (15.8%) had hema-
toma, 4 (10.5%) had hematopoietic nodular hyper-
plasia, 3 (7.9%) had complex nodular hyperplasia, 3 
(7.9%) had myelolipoma, and 1 (2.6%) had hemangi-
oma. Twelve (31.6%) dogs had hemoabdomen.

The results of nucleosome concentration in differ-
ent animal groups are detailed in Table 1 and Figure 
1. The overall median nucleosome concentration was 

26.9 ng/mL (range, 2.6-664.5 ng/mL). Dogs with splenic 
malignancy had a significantly higher nucleosome 
concentration compared to dogs with benign splenic 
nodular lesions (p = 0.001, Figure 1A). Since heman-
giosarcoma was the most frequent diagnosis, a fur-
ther comparison was made between nucleosome 
concentrations in dogs with splenic hemangiosar-
coma and those with benign splenic nodular lesions, 
resulting in higher concentrations in dogs with 
hemangiosarcoma (p = 0.004). However, no significant 
differences were observed between dogs with heman-
giosarcoma and those with other malignancies 
(p = 0.672, Figure 1B).

Out of the total, 55 (83.3%) dogs had a single 
splenic nodular lesion and 11 (16.7%) had multiple 
lesions. No significant differences were observed in 
the prevalence of single or multiple splenic nodular 
lesions between dogs with benign lesions and those 
with malignancy (p > 0.05). However, the latter group 
demonstrated significantly larger lesion size (p =  
0.033). There were no differences in nucleosome con-
centration between dogs with single or multiple 
lesions (p = 0.690). Among dogs with a single splenic 
nodular lesion, the median lesion size was 60 mm 
(range, 6-250 mm). Nucleosome concentration exhib-
ited a direct correlation with lesion size (p = 0.026) 
and was notably higher in dogs with lesions ≥60 mm 
compared to those with smaller lesions (p = 0.008) 
(Figure 1C).

Hemoabdomen was significantly more prevalent 
in dogs with splenic malignancy than in dogs with 
benign lesions (78.6% and 31.6%, respectively; 
p < 0.001). It was also more prevalent in dogs with 
hemangiosarcoma compared to those with benign 
splenic nodular lesions (85.0% vs. 31.6%, respectively; 
p < 0.001). No significant differences were observed 
in the occurrence of hemoabdomen between dogs 
with hemangiosarcoma and other malignancies 
(p > 0.05). The concentration of nucleosomes was 
higher in dogs with hemoabdomen (p < 0.001) com-
pared to those without hemoabdomen (Figure 1D).

None of the variables investigated significantly 
influenced nucleosome concentration when dogs 
were stratified according to the presence or absence 
of hemoabdomen. Conversely, when dogs were strat-
ified according to the lesion size, significantly higher 
nucleosome concentrations were found in dogs pre-
senting with hemoabdomen (p = 0.022 for dogs with 
lesion <60 mm, and p = 0.027 for dogs with lesion 
≥60 mm). Finally, among dogs with lesion size 
≥60 mm, nucleosome concentration was significantly 
higher in cases of malignancy (p = 0.040).

Based on ROC curve coordinates, a cutoff of 
50.0 ng/mL delivered the best overall sensitivity 
(67.9%) and specificity (71.1%) in identifying dogs 
with malignant lesions (Figure 2). Specifically, among 
19 dogs with hemoabdomen, lesion size ≥60 mm and 
nucleosome concentration ≥50.0 ng/mL, 13 (68.4%) 
had splenic malignancies, whereas among 15 dogs 
without hemoabdomen, with lesion size <60 mm and 
with nucleosome concentration <50 ng/mL, 13 (86.7%) 
had benign splenic nodular lesions.

Table 1.  Plasmatic nucleosome concentration in 66 dogs 
with splenic nodular lesion, according to the histopathologi-
cal diagnosis.

Histopathological 
diagnosis

Number 
of dogs

Plasmatic nucleosome concentration  
(ng/mL)

Median Minimum Maximum

Benign lesion 38 16.5 2.6 395.2
Hemangiosarcoma 20 71.9 4.3 218.1
Other neoplasm 8 97.1 10.7 664.5

https://doi.org/10.1080/01652176.2024.2399648
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Discussion

Previous studies have highlighted increased plasma 
nucleosome concentration in dogs with hemangio-
sarcoma (Wilson-Robles et  al. 2021, 2022). However, 
those studies did not compare nucleosomes levels in 
dogs with splenic hemangiosarcoma and dogs with 
benign splenic nodular lesions nor with other malig-
nancies that affect the spleen. This analysis is crucial 

to provide information on the diagnostic usefulness 
of nucleosomes level assessment. Moreover, nucleo-
some concentration has not been extensively studied 
in dogs with splenic nodular lesions with or without 
hemoabdomen.

Recognizing that nucleosome concentrations can 
be influenced by various factors, including process-
ing time, sample type, and storage conditions 
(Wilson-Robles et  al. 2020), we conducted a prospec-
tive study applying a meticulously standardized 
approach. Samples were collected, centrifuged and 
plasma was frozen before being shipped for analysis, 
maintaining a cold chain at −20 °C. This strategy 
aimed to minimize variability due to storage condi-
tions, despite deviating from the manufacturer’s rec-
ommendations. Indeed, storage at −80 °C is 
recommended under the manufacturer’s instructions 
and according to published studies (Wilson-Robles 
et  al. 2020). However, dogs with splenic nodular 
lesions, particularly those with hemoabdomen, are 
more likely to be treated in emergency care units 
where −80 °C freezers are seldom available, in con-
trast to academic units. Therefore, storage at −20 °C 
was decided upon because those freezers were 
accessible in all the different Institutions involved in 
the study. Storage temperature likely influenced our 
raw data, potentially explaining why we observed 
nucleosome concentrations lower than those previ-
ously reported for dogs with hemangiosarcoma 
(Wilson-Robles et  al. 2021, 2022). This hypothesis was 
confirmed by our pilot study that compared nucleo-
some concentration between samples stored at 
−20 °C and −80 °C. Despite a good correlation, there 

Figure 1.  Box-plot representing plasmatic nucleosome concentration in 66 dogs with splenic nodular lesion based on the final 
diagnosis (A, B), the size of the lesion (C), or the presence of hemoabdomen (D). The boxes indicate the I-III interquartile range 
(IQR); horizontal lines indicate the median; vertical lines extend until the last value classified as “non-outlier”. ° = near-outlier 
(value further than 1.5*IQR from the III quartile). * = far-outlier (value further than 3.0*IQR from the III quartile).

Figure 2. R eceiving Operator Curve (ROC) drawn to assess 
the diagnostic performances of plasmatic nucleosome con-
centration to discriminate between benign and malignant 
splenic nodular lesions in 66 dogs.
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was a significant proportional error, with nucleosome 
concentrations in samples stored at −20 °C being sig-
nificantly lower compared to those stored at −80 °C. 
However, since the storage temperature was con-
stant for all the samples in this study, differences 
among groups were likely not affected by the devia-
tion from the manufacturer’s recommendations, or 
may even be underestimated, based on the presence 
of a negative proportional error by which the high-
est nucleosome concentrations were mostly affected 
by storage temperature. Based on these consider-
ations, the results obtained here cannot be applied 
to samples stored at different temperature conditions.

Consistent with prior findings, dogs with heman-
giosarcoma exhibited the highest elevation in nucle-
osome concentrations (Wilson-Robles et  al. 2021, 
2022). Diagnoses with increased nucleosome concen-
trations also included malignancies of other cellular 
origins. Noteworthy and as expected, median nucle-
osome concentrations in dogs with splenic malignan-
cies were significantly higher when compared to 
benign splenic nodular lesions. This aligns with pre-
vious results in cancer-bearing dogs compared to 
healthy animals, where nucleosomes are released 
into the plasma at a higher rate during rapid cellular 
turnover and high cellular death rates (Holdenrieder 
et  al. 2008; Dolan et  al. 2021; Wilson-Robles et  al. 
2022). Similarly, the relatively lower concentrations of 
nucleosomes in dogs with benign splenic nodular 
lesions suggest that localized organ diseases of 
non-malignant origin may have minimal impact on 
circulating nucleosomes.

Stratifying malignant lesions based on histologic 
diagnosis revealed that dogs with hemangiosarcoma 
had significantly higher concentrations of nucleo-
somes compared to benign lesions, suggesting a 
potential diagnostic role of elevated nucleosomes for 
hemangiosarcoma within the spectrum of splenic 
lesions. Conversely, there were no significant differ-
ences in the plasma nucleosomes of dogs with 
hemangiosarcoma compared to those affected by 
other malignancies. Once again, this highlights the 
necessity for a multifaceted diagnostic approach that 
includes histopathology and IHC for the final classifi-
cation of malignant splenic nodular lesions following 
splenectomy.

Elevated nucleosome concentration was correlated 
to both the presence of hemoabdomen and of 
hemangiosarcoma, underscoring the potential of 
nucleosome assessment in identifying those dogs 
with a higher likelihood of bearing malignant splenic 
nodular lesions or splenic rupture. Beside the high 
frequency of dogs with hemangiosarcoma presenting 
with ruptured spleen and hemoabdomen (Aronsohn 
et  al. 2009), this scenario might also occur in dogs 
with splenic hematoma. In addition, it should be 
considered that hemorrhagic shock might lead to an 
increase in circulating plasma nucleosome concentra-
tions, irrespective of the underlying malignancy. Of 
notice, the size of splenic nodular lesions also had an 
impact on nucleosome concentration. However,  
both the presence of hemoabdomen and the 

histopathologic diagnosis remained significant when 
dogs were stratified based on lesion size.

Based on our results, the ideal candidate for nucle-
osome concentration testing is more likely to be a 
healthy dog with an incidentally detected splenic 
nodular lesion smaller than 60 mm, rather than a dog 
presenting to emergency care with hemoabdomen. 
The cut-off we selected had disappointing sensitivity 
and specificity when applied to the whole study pop-
ulation. However, it correctly identified over 85% of 
dogs with benign lesions when applied to subjects 
without hemoabdomen and with smaller lesion sizes. 
The partial overlap of raw data between dogs with 
different diagnoses may account for this situation and 
should be taken into account during clinical deci-
sion-making. Moreover, it is worth noting that the 
turnaround time for the nucleosome detection 
approach described in this study, even under optimal 
conditions, is approximately 6 h. This limitation hinders 
its utility as a point-of-care test for emergent deci-
sion-making. However, since the initiation of the pres-
ent study, an in-house point-of-care kit for the same 
test has been introduced in the market, thus signifi-
cantly reducing the turnaround time.

Dogs without hemoabdomen do not need emer-
gency care, allowing for ancillary tests before surgery 
and for adequate therapeutic planning. Various analy-
ses can be included in the diagnostic workup for 
these patients, with cytology often representing a 
first-line test for a rapid and minimally invasive diag-
nosis (Yankin et  al. 2020). However, splenic cytology 
faces some challenges, including variable diagnostic 
accuracy, with agreement with histopathology ranging 
from 37% to 100% (O’Keefe and Couto 1987; Braun 
and Hauser 2007; Christensen et  al. 2009; Holter et  al. 
2023). Furthermore, cytology is not without risks, as it 
can potentially cause the rupture of any splenic lesion, 
leading to disease upstaging. In similar contexts, the 
evaluation of plasma nucleosome concentration 
emerges as a valuable tool in ruling out the possible 
malignant nature of the lesion. In our caseload, more 
than 85% of dogs without hemoabdomen, with 
<60 mm lesion size and displaying low nucleosome 
concentrations were diagnosed with benign splenic 
nodular lesions. While splenic histopathology remains 
necessary for the final diagnosis, clinicians should 
carefully weigh the pros and cons of this procedure, 
as histopathologic assessment usually follows splenec-
tomy. This consideration is particularly crucial for dogs 
with a low probability of splenic cancer and concur-
rent diseases that may increase surgery complications 
and anesthetic risks. Nevertheless, the risk for splenic 
rupture also exists for benign lesions. Predicting that a 
lesion is likely benign and that surgery can be cura-
tive may increase owner compliance in authorizing 
splenectomy.

It is crucial to acknowledge that variations in nucle-
osome concentrations may also be associated with the 
dissemination of the disease or other comorbidities, 
such as diabetes mellitus, chronic kidney disease, pan-
creatitis, trauma, and infections (Penttilä et  al. 2016; 
Phan et  al. 2018; Goggs 2019; Lo Re et  al. 2019). Since 
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oncologic staging and diagnostic tests were not stan-
dardized among dogs included in the present study, 
we cannot completely exclude these factors as poten-
tial contributors to nucleosome concentration varia-
tions. However, dogs with severe systemic concomitant 
inflammatory diseases were not included in the study, 
to avoid possible influence on nucleosome concentra-
tions (Letendre and Goggs 2018), whereas dogs with 
known chronic diseases were already receiving therapy, 
which is expected to reduce tissue damage and subse-
quent release of nucleosomes into circulation.

Several limitations in this study warrant acknowl-
edgment. The low number of cases may impact sta-
tistical analyses and the generalizability of findings, 
emphasizing the need for larger cohorts, especially 
including a higher number of malignant splenic nod-
ular lesion other than hemangiosarcoma, allowing 
for more stratified subgroup analyses. Sample stor-
age conditions might have influenced nucleosome 
concentration in the samples. This detail precludes 
comparison with results already published on sam-
ples stored at −80° (Wilson-Robles et  al. 2021, 2022), 
but expands the applicability of the test in the daily 
routine of small animal practice by reducing the lim-
itations posed by storage at −80°.

In conclusion, while this study provides a founda-
tional exploration of the potential diagnostic role of 
plasma nucleosome levels in canine splenic nodular 
lesions, to differentiate between malignant and benign 
ones, caution is needed in extrapolating results to a 
broader clinical context due to the mentioned limita-
tions. Nucleosome detection, as described in this study, 
may not serve as a standalone diagnostic tool. Integration 
with other clinical parameters, imaging findings, and his-
topathology remains essential for a comprehensive diag-
nostic evaluation. Future investigations should include 
comprehensive clinical staging, conducting long-term 
follow-up assessments, and increasing the sample size to 
ensure robustness and generalizability of findings and to 
allow a comprehensive understanding the role of nucle-
osome as a prognostic biomarker. Despite these limita-
tions, our study underscores the importance of ongoing 
research in this area to advance our understanding of 
novel diagnostic markers for canine splenic nodular 
lesions and improve clinical decision-making.
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