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Abstract

Histiocytic sarcoma (HS) is aggressive neoplasia arising from cells of the dendritic cell or macrophage lineage. Previously
recognised negative prognostic factors are the presence of metastasis, anaemia, hypoalbuminemia, and thrombocytopenia.
C-reactive protein (CRP) is an acute phase protein (APP), previously investigated as a prognostic marker in different neo-
plasms in human and veterinary medicine, including in Bernese Mountain dogs with histiocytic sarcoma, however no studies
have evaluated serum CRP concentrations in all breeds with histiocytic sarcoma. Our study aimed to evaluate the prognostic
value of serum CRP concentrations at the time of presentation and in different stages of the disease in a cohort of dogs, of
different breeds, with histiocytic sarcoma. Dogs diagnosed with histiocytic sarcoma that not received any treatment prior
to CRP measurement were included in the study. Patients were grouped according to the location of the primary tumour,
tumour stage and treatment received (no treatment, localised treatment and systemic treatment)A Mann Whitney U was
used to compare the CRP value with the stage and site of the tumour, while a Spearman’s correlation coefficient was used
to compared the serum CRP with continuous variables. Thirty-five dogs were included. The median survival time for the
entire population was 106 days. Increasing serum CRP concentrations (p =0.009) and younger age (p=0.003) were associ-
ated with decreased survival time in the multivariable model. No correlation was found between serum CRP concentrations
and the stage of the disease (p=0.327) or the site of the primary tumour (visceral vs. periarticular p=0.504). Serum CRP
concentrations and age may be additional prognostic factors in patients with histiocytic sarcoma, that are worthy of further
investigation in larger studies.
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Canine histiocytic sarcoma (HS) is an aggressive neoplasia
arising from the malignant transformation of cells of den-
dritic or macrophage lineage (Moore et al. 2006). Both of
these cells arise from bone marrow-derived CD34 + cells,

a'glmlar.l(?cnyu'edu'hk and, under the influence of different cytokines, they dif-
ngz7 V@v'cll:;”:c @ ferentiate to form cells of the monocyte/macrophage line-

o age or the dendritic cell (DC) lineage (Fulmer and Maul-
J. M. Dobson din 2007). Histiocytic sarcoma was initially recognised in
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at increased risk of development of this tumour (Dobson
2013). More recently, pulmonary HS has also been recog-
nised in Pembroke Corgi and Miniature Schnauzer breeds
(Purzycka et al. 2020; Lenz et al. 2017). Canine histiocytic
sarcoma can present as a localised or a disseminated form,
with periarticular locations, lungs, spleen and soft tissues
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representing the most common primary sites for localised
disease (Cannon et al. 2015; Constantino-Casas et al. 2011).
In the localised form, the tumour is usually confined to a
single site, whereas the disseminated form usually presents
with multiple lesions in two or more distant sites (Kezer
et al. 2018) The disseminated form can be the result of a
metastatic localised tumour or may represent a primary mul-
ticentric disease in which multiple lesions occur simultane-
ously (Klahn et al. 2011). Even in the localised form, the rate
of metastatic disease is up to 70% at the time of death, with
loco-regional lymph nodes, lungs, spleen, and liver consid-
ered the most common sites of metastasis (Fidel et al. 2006;
Skorupski et al. 2009).

Histiocytic sarcoma is considered a fatal disease, with
the majority of patients succumbing to the disease within 6
months of diagnosis (Kezer et al. 2018). Hypoalbuminemia,
anaemia, thrombocytopenia, disseminated disease, advanced
stage, visceral involvement and the use of steroids at the
time of diagnosis have been identified as negative prognos-
tic factors (Cannon et al. 2015; Klahn et al. 2011; Dervisis
et al. 2017).

The study of acute-phase proteins (APPs) is gaining inter-
est in veterinary medicine, and these represent a group of
proteins that are released into the circulation following tis-
sue injury (Nakamura et al. 2008). While originally it was
thought that these proteins were produced only by hepat-
ocytes, there is growing evidence that several cell types,
including lymphocytes, can produce APPs under the influ-
ence of cytokines such as interleukin 1 (IL-1), interleukin
6 (IL-6) and tumour necrosis factor a (TNFa) (Ceron et al.
2005; Yamashita et al. 1994). Their release is independent
from the initiating cause of the tissue injury, which could be
inflammatory, infectious or neoplastic. (Ceron et al. 2005).
C-reactive protein (CRP) was the first described acute phase
protein and it has different biological functions including
the induction of several cytokines, the inhibition of chemo-
taxis and the modulation of neutrophil function (Ceron et al.
2005; Murata et al. 2004). CRP is considered the most sensi-
tive acute-phase protein in dogs, and serum concentrations
are not influenced by the use of corticosteroids, age and sex
unlike other positive APPs such as haptoglobin (Murata
et al. 2004; Mukorera et al. 2011). In addition, the concentra-
tion of CRP is not influenced by different clinical and patho-
logical variables such as body temperature and white blood
cell (WBC) concentration (Nakamura et al. 2008). These
characteristics led to the study of CRP in veterinary oncol-
ogy (Selting et al. 2016, 2015). An increase in serum CRP
concentrations was found to be correlated with the devel-
opment of several neoplasms such as canine lymphoma,
oesophageal and mammary tumours (Nivy et al. 2014; Merlo
et al. 2007; Planellas et al. 2009), and serum CRP concentra-
tions were also found to be correlated with remission sta-
tus in patients with lymphoma (Nielsen et al. 2007). Serum
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CRP concentrations are elevated in Bernese Mountain dogs
with disseminated histiocytic sarcoma compared to a healthy
control group (Nikolic Nielsen et al. 2013), however, to the
authors’ knowledge no previous study has evaluated serum
CRP concentrations as a potential biomarker for prognosis
or the association of serum CRP concentrations with the
stage of disease.

The aim of this study was to evaluate the correlation
between serum CRP concentrations in dogs with histiocytic
sarcoma with the stage of the disease at presentation, the
localisation of the primary tumour and survival time. Our
hypothesis was that increasing serum CRP concentrations
would correlate with a more advanced stage of the disease
and a worse prognosis.

Materials and methods

Medical records from the Queen’s Veterinary School Hos-
pital (University of Cambridge), between January 2012 and
November 2021 were reviewed for dogs diagnosed with his-
tiocytic sarcoma. Follow up information was retrieved from
the medical records of the hospital or by contacting the refer-
ring veterinary surgeons. Patients were included if they were
diagnosed with histiocytic sarcoma by cytology or by histo-
pathology (+\- immunohistochemistry). Patients which were
diagnosed by cytology only were included only if they showed
the presence of numerous pleomorphic, large, discrete mono-
nuclear cells with abundant, lightly basophilic, vacuolated,
granular cytoplasm and marked anisocytosis and anisokaryo-
sis as described by Brown et al. (Brown et al. 1994).

Serum CRP concentrations at presentation were extracted
from the medical history. For patients without recorded
serum CRP concentrations, serum CRP concentrations were
measured using archived frozen (—80 °C) serum samples
taken at the time of presentation. Patients were excluded if
they received any systemic chemotherapy, surgery, or radio-
therapy before serum CRP measurement and if no record of
the serum CRP concentration and no stored serum sample
was available. Patients who received other treatments such
as NSAID, steroids or antibiotics before measurement were
not excluded.

Serum CRP concentrations were measured in a single
clinical pathology laboratory on an Olympus AU480 bio-
chemistry analyser (Beckman Coulter) using a commercially
available assay (immunoturbidimetric CRP assay, Randox),
previously validated for use in dogs (Klenner et al. 2010).
The laboratory reference interval for CRP was < 8.2 mg\L
and the limit of blank of the assay was 2.2 mg\L.

Based on the primary location of the tumour, patients
were divided into peri-articular, visceral, and cutaneous
groups. Full staging, consisting of CT scan of thorax and
abdomen, or thoracic radiographs and abdominal ultrasound
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was required for patients to be included in the study. Based
on the imaging results, patients were clinically staged as ‘T’
‘Localised’ histiocytic sarcoma, a solitary primary tumour
with no evidence of loco-regional nodal or distant metastasis
was found; ‘T & N’ ‘Lymph node metastasis’ if there was
cytological or histological evidence of locoregional lymph
node metastasis but with no distant metastasis present; T,N
&M ‘Disseminated’, if two or more different sites, excluding
the loco regional lymph nodes, were affected. Dogs were
divided into 3 groups based on treatment received: patients
not receiving any treatment; local treatment (surgery or
radiotherapy) only; systemic chemotherapy (4 \- local
treatment).

Statistical analysis

Statistical analysis was performed using commercially avail-
able statistical software (SPSS version 27.0- IBM). For sta-
tistical purposes, a serum CRP concentration below the limit
of blank of the assay (2.2 mg\L) was assigned an arbitrary
value of 1.1 mg/L. Comparison of serum CRP concentra-
tions between the T&N group and the T or TN&M groups,
or between the cutaneous localisation and periarticular and
visceral sites was not possible due to low numbers of cases
in the T and cutaneous involvement groups, hence the Mann
Whitney U test was used to compare serum CRP concentra-
tions between groups (based on stage and site). Spearman’s
correlation coefficient was used to evaluate associations
between continuous variables. Kaplan Meier survival curves
were constructed to calculate the median survival times of
different groups. Univariable Cox regression analysis was
used to evaluate the association between serum CRP con-
centration, age, stage, site (excluding cutaneous site) and
treatment type with overall survival time (all cause mortal-
ity). Animals that were alive at the time of writing were
censored from the survival analyses. Parameters that showed
a tendency towards a significant association with survival
time (P <0.2) were included in a multivariable Cox regres-
sion model. Data are presented as median [range] unless
otherwise specified and p <0.05 was considered statistically
significant.

Results
Patients’ characteristics

A total of 74 cases were diagnosed with histiocytic sarcoma
during the study period. Of these, 13 cases did not have com-
plete medical records and in 15 cases the serum CRP con-
centration was not measured at the time of presentation and
no archived serum was available. Of the 46 cases remain-
ing, 11 were excluded as they received treatment before the

measurement of the CRP (surgery was performed in 9 cases
and chemotherapy in 2 cases). Following exclusion, 35 cases
were eligible for inclusion. The Flat-coated Retriever was
the most represented breed (23 cases) followed by Bernese
Mountain dogs (2), Labrador (2) and Bullmastiff (2). Other
breeds included Cairn Terrier (1), Rottweiler (1) Minia-
ture Schnauzer (1), Maltese (1) and German Shepherd (1).
Female neutered dogs were the most common (14), followed
by male neutered (11), male entire (8) and female entire (2).
The median age was 8 years [4 to 12 years] with a median
body weight of 32.3 kg [8.1 to 58.6 kg].

Diagnosis

Of the 35 cases included, the diagnosis was achieved by
cytology alone in fourteen cases, histology alone in three
cases, both cytology and histopathology in three cases, and
histopathology and immunohistochemistry in four cases.
Cytology, histopathology, and immunohistochemistry com-
bined were utilised for diagnosis in eleven patients. The
methods of diagnosis is summarised in Table 1.

Lymph node sampling was performed in 19 cases. In
16 cases fine needle aspiration of the lymph node was per-
formed. In the remaining 3 patients, the lymph node was
evaluated by histology. Lymph node metastases were found
in 8 cases. Of these, 6 patients were also diagnosed with
distant metastatic disease.

All patients underwent full clinical staging. Three view
thoracic radiographs and abdominal ultrasound were per-
formed in 20 cases, while computed tomography (CT) was
performed in 15. The tumour stage was classified as local-
ised (T) in 16 cases (12 periarticular, 3 visceral and 1 cuta-
neous localisation), lymph node metastasis (T&N) in 2 (both
with periarticular localisation) and disseminated (TN&M) in
17 cases (10 periarticular, 6 visceral and 1 cutaneous locali-
sation). The tumour location was classified as periarticular in
24 cases, visceral in 9 cases and cutaneous in 2. Group size
and characteristics were summarised as Table 2. Selected
patient characteristics, including treatment received, are
summarised in Table 3.

Treatment and survival

The median survival time for the whole population was 106
days [2 to 400 days; mean 120 days]. At the time of writing
the study 32 of the 35 patients had died and three were alive
at 122, 148 and 235 days post-diagnosis. Death or euthanasia
was attributable to the tumour in all cases that had died.
Based on treatment, 8 patients were classified in the
no-treatment group, 13 in the localised treatment group
(3 had surgery and 10 radiation therapy), and 14 in the
chemotherapy group (6 received additional local treat-
ment). The patients treated with radiation therapy received

@ Springer



336

Comparative Clinical Pathology (2025) 34:333-342

Table 1 Methods of diagnosis in the population examined. 14
patients were diagnosed with cytology alone, 3 with histology alone,
3 with histology and cytology, 4 with histology and immunohisto-
chemistry and 11 with cytology, histology and immunohistochemistry

CASE CYTOLOGY HISTOLOGY IMMUNOHIS-
TOCHEMIS-
TRY

1 X X

2 X

3 X

4 X

5 X

6 X X

7 X X

8 X X X

9 X

10 X X X

11 X X X

12 X

13 X X X

14 X X X

15 X

16 X

17 X X

18 X

19 X X

20 X

21 X

22 X

23 X

24 X X X

25 X

26 X

27 X X X

28 X X

29 X X X

30 X

31 X X X

32 X X

33 X

34 X X X

35 X X X

a hypofractionated, manually planned protocol. The median
total dose delivered was 34 Gy [17-34 Gy] with a median of
4 (Fulmer and Mauldin 2007; Dobson 2013; Purzycka et al.
2020; Lenz et al. 2017) fractions. The first-line chemother-
apy used in all treated patients was lomustine (Bova Specials
UK) given every three weeks. Median dose administered
was 65 mg/m2 [60—70 mg/m2] with a median of 5 (Moore
et al. 2006; Fulmer and Mauldin 2007; Dobson 2013; Pur-
zycka et al. 2020; Lenz et al. 2017; Cannon et al. 2015;
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Constantino-Casas et al. 2011; Kezer et al. 2018) treat-
ments administered. Rescue protocols were used in 2 cases,
toceranib phosphate was used in 1 case and doxorubicin in
another patient. The choice of the rescue protocol was based
on the clinician preference.

Association between serum CRP concentration
and tumour site or tumour stage

Median serum CRP concentration for the entire population
was 9.1 mg\L [<2.2-65.4 mg\L]. CRP was measured at the
time of presentation in 29 cases and on fresh frozen serum
in the remaining six cases. The median time from sample
collection to CRP analysis, in these six cases, was 1648 days
[834 to 2848 days]. CRP was above the reference interval in
18 of the 35 cases (51%).

Serum CRP concentration did not differ between dogs
with periarticular disease and dogs with visceral disease
(7.8 [<2.2-51.9] mg\L vs. 9.1 [5.3-65.4] mg\L; p=0.504).
The two dogs with cutaneous involvement had a serum CRP
concentration of 15.5 mg\L and 3.2 mg\L.

Serum CRP concentration in dogs with disseminated
disease and dogs with localised disease were not signifi-
cantly different (5.8 [<2.2-65.4] mg\L vs. 14.5 [<2.2-24.8]
mg/L; p=0.327). Dogs with lymph node metastasis (n=2)
had serum CRP concentrations of 13.9 mg/L and 14.7 mg/L.

Parameters associated with survival time

In the univariable analysis, increasing serum CRP con-
centration was associated with a decreased survival time
(hazard ratio (HR)=1.022, 95% confidence interval
(CI)=1.000-1.044; p=0.049). Patients presenting with
a visceral location of the tumour did not have a different
survival time than dogs with a periarticular location of the
tumour (MST 66 [2 to 246] days vs. 115 [2 to 400] days, HR
1.326 [95% CI1 0.573-3.068]; P=0.51). The two dogs with a
cutaneous tumour had an MST of 6 and 30 days. Dogs with
localised disease (T group) (MST 115 [30-400] days) and
dogs with disseminated disease (TN&M) (MST 67 [2—-69]
days) did not have significantly different survival times
(P=0.327). Dogs in the lymph node metastasis group had
MSTs of 35 and 137 days. Surprisingly, increasing age was
associated with an increased survival time (HR 0.78 [95% CI
0.649-0.938]; P=0.008). Patients receiving localised (106
[6-400] days, n=13) or systemic treatment (145 [3-268]
days, n=14) tended to show a better prognosis compared
to those receiving no treatment (41 [2-148] days, n=_8),
however, in both groups this did not reach statistical signifi-
cance (localised treatment vs. no treatment: HR 0.406 [95%
CI10.149-1.107]; P=0.078; systemic treatment vs. no treat-
ment: HR 0.427 [95% CI10.161-1.1132]; P=0.087, Fig. 1).
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Table2 Group size and GROUPS NUMBER OF PATIENTS
characteristics based on stage
and primary localisation of the POPULATION 35
disease PRIMARY LOCALIZA-  Periarticular 24
TION
Visceral 9
Cutaneous 2
STAGE T 16

(Localised disease)

(12 periarticular — 3 visceral —
1 cutaneous)

T&N 2
(Primary tumour and lymph node) (2 periarticular)
TN&M 17

(Presence of distant metastasis)

(10 periarticular—6 visceral —
1 cutaneous)

Age, serum CRP concentration, and treatment type were
included in a multivariable Cox regression analysis. The
two dogs with a cutaneous tumour were excluded from the
multivariable analysis due to low numbers of cases in this
group. In the final model, decreasing age (HR 0.744, 95%
CI0.611-0.905; P=0.003) and increasing serum CRP con-
centrations (HR 1.033, 95% CI 1.008-1.059; P=0.009) were
both independently associated with shorter survival time.

Discussion

In this study, we evaluated the association between the
serum CRP concentration and several clinical features, in
patients with histiocytic sarcoma. In our cohort of patients,
increasing serum concentration of CRP was associated
with a reduced survival time in patients with this malig-
nancy in the univariable and multivariable analysis. These
results correlate with previous findings in canine mammary
tumours as well as in different haematological malignancies
in which serum CRP concentrations were associated with
several negative prognostic factors and survival ((Saellstrom
et al. 2022; Tecles et al. 2009)). Cancer-associated inflam-
mation has continuously gained interest during the past few
decades, and several links between the cancer inflamma-
tory population and the mechanism necessary for tumour
remodelling and neoangiogenesis were previously described
(Balkwill and Mantovani 2001; Mantovani et al. 2008). The
increase in the serum CRP concentration observed in many
dogs (51%) with histiocytic sarcoma could reflect a stronger
cancer-related inflammatory response and production of
IL-6 as a direct stimulator of CRP production (Nikolic
Nielsen et al. 2013; Dethlefsen et al. 2013; Raposo et al.
2015). Alternatively, a marked increase in serum CRP con-
centrations could reflect a higher degree of tumour necrosis,
another previously recognised marker of aggressiveness in
some canine cancer (Kuntz et al. 1997; Pradel et al. 2018),

however, associations between serum CRP concentrations
and tumour necrosis were not evaluated as part of the pre-
sent study. Interestingly, in our study, the serum CRP con-
centration did not correlate with either tumour stage, or
tumour localisation. Serum CRP concentration has been
demonstrated as a potential marker of prognosis in canine
mammary tumours, and in some cases it is correlated with
the tumour grade, however, its correlation with the stage
of mammary neoplasia is still controversial (Sylman et al.
2018). Previous literature in humans showed that serum CRP
concentration was correlated with survival time in patients
with localised disease, while no correlation was found in
patients with metastatic disease (Allin et al. 2009). The same
study suggested that serum CRP concentration could poten-
tially reflect a general clinical impact of the tumour on the
patient rather than reflecting specifically the stage of the
disease (Allin et al. 2009). Specifically in our study, it can-
not be completely excluded that the use of different staging
methods could have potentially led to an underestimation
of the extent of disease in some patients staged by thoracic
radiographs and abdominal ultrasound alone.

The primary location of the tumour has previously been
reported as a potential prognostic factor in canine patients
with histiocytic sarcoma. Previous studies showed that
patients with periarticular tumours had a longer survival,
compared to patients presenting with visceral tumours
(Klahn et al. 2011; Skorupski et al. 2009, 2007). A previous
study showed that the survival of patients with periarticular
tumours was significantly longer than in patients with non-
periarticular tumours with a median survival time of 391
days compared to 128 days respectively (Klahn et al. 2011).
In the present study, the survival time of dogs with visceral
localisation was not statistically different to that of periar-
ticular tumours. This may reflect the relatively small sample
size or differences in treatment administrated.

In our study the stage of the disease, was not associated
with prognosis in histiocytic sarcoma. This is in contrast
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Table 3 Pat.ient Fharagter istics Case Localisation Stage Serum CRP Treatment
at Presentatlop, 1r.101ud1ng mg\l
primary localisation of the
disease, serum C Reactive 1 stifle disseminated 14.9 Chemotherapy and radiotherapy
Protein (CRP) at p‘resentation 2 temporomandibular joint localised 4.2 Radiotherapy
and treatment received
3 shoulder disseminated 51.9 Radiotherapy
4 left carpus Lymph node 14.7 Palliative
5 elbow localised 4.2 Radiotherapy
6 Liver disseminated 9.1 Palliative
7 elbow localised 23.2 Palliative
8 shoulder localised <22 Chemotherapy
9 shoulder disseminated 6 Radiotherapy
10 pelvis localised 24.8 Radiotherapy
11 liver disseminated 31.9 Chemotherapy
12 lung disseminated 6.6 Chemotherapy
13 shoulder disseminated <22 Radiotherapy
14 spleen localised 7.7 Surgery
15 skin flank disseminated 15.5 Chemotherapy
16 shoulder disseminated <22 Chemotherapy and radiotherapy
17 shoulder localised 47 Radiotherapy
18 kidney localised 5.3 Surgery
19 elbow disseminated <22 Chemotherapy
20 shoulder localised 9.4 Radiotherapy
21 scapula lymph node 13.9 Chemotherapy
22 spleen disseminated 65.4 Surgery
23 spleen disseminated 17.9 Palliative
24 scapula disseminated 14.5 Palliative
25 shoulder disseminated 40.8 Palliative
26 elbow Localised 9.6 Radiotherapy
27 left submandibular skin Localised 32 Palliative
28 scapula Disseminated 1.1 Chemotherapy and radiotherapy
29 stifle Localised 6.3 Radiotherapy
30 shoulder Disseminated 16.5 Chemotherapy
31 elbow Localised 1.1 Chemotherapy and radiotherapy
32 elbow Localised 1.1 Palliative
33 liver Disseminated 6.1 Chemotherapy
34 Carpus Localised 1.1 Chemotherapy and radiotherapy
35 Spleen Localised 43.9 Chemotherapy and surgery

with part of the previous literature regarding histiocytic sar-
coma, where stage was considered as a factor associated
with prognosis (Dervisis et al. 2017). In a previous study,
patients with disseminated disease had a shorter survival
time, 78 days, compared to patients with localised form of
the disease, 398 days. In addition, patients with disseminated
forms of HS were nearly three times more likely to die due
to the disease. In the same study, the presence of lymph node
metastasis was a negative prognostic factor in patients with
localised forms of the disease (180 vs 461 days) (Dervisis
et al. 2017). In addition, patients dogs with periarticular
forms of the disease and concurrent metastasis have short
prognosis compared to patients with no metastases (980
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vs 253 days) (Klahn et al. 2011). As previously discussed,
the difference in staging methods, and the low number of
patients, in our study could have caused misclassification of
some patients and reduced the statistical power of the study.

In the population examined, age was inversely correlated
with the survival time. To our knowledge, this has not previ-
ously been reported as a prognostic marker for patients with
histiocytic sarcoma. In a previous study analysing clinical
and prognostic factors in patients with histiocytic sarcoma,
Bernese Mountain dogs were younger at the time of diag-
nosis compared to other breeds, in particular Retrievers, but
prognostic significance of age was not reported (Dervisis
et al. 2017). In our population, there were only two Bernese
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Fig. 1 Kaplan—Meier curve showing the association between survival
time and treatment. On univariable Cox regression analysis, patients
receiving localised treatment localised (106 [6—400] days, n=13) or
systemic treatment (145 [3-268] days, n=14) had longer MST com-
pared to patients receiving no treatment (41 [2-148] days, n=8).

Mountain dogs although they were both younger than the
median age of the population (4 and 6 years), however due
to this low number of this breed it seems unlikely that the
association between younger age and worse survival was a
reflection of breed alone. In human medicine, young age
has been found to be an independent negative prognostic
factor in patients with histiocytic disorders in several reports
(Satter and High 2008), with patients younger than 2 years
more likely to develop a multicentric form of the disease
(with lung involvement) and thrombocytopenia (a recog-
nised negative prognostic factor in humans and dogs) (Yagci
et al. 2008).

Treatment modality was not associated with the survival
time in our patient population, although a tendency towards
longer survival time for patients receiving localised (surgery
or radiation therapy) or systemic treatment (vs. no treatment)
was found. Long term local control of the tumour can be
achieved in patients with histiocytic sarcoma (Skorupski
et al. 2009; Marconato et al. 2020). In a recent study, no
significant differences in the local tumour control were found
in patients treated with various protocols of radiation therapy
or surgery in patients with periarticular histiocytic sarcoma
(Marconato et al. 2020). In our study patients were treated

However, this was not statistically significant (localised treatment
vs. no treatment: HR 0.406 [95% CI 0.149-1.107]; P=0.078; sys-
temic treatment vs. no treatment: HR 0.427 [95% CI 0.161-1.1132];
P=0.087)

with different protocols and systemic treatment was not
administered consistently to the entire population. Therefore,
it is plausible that this, in combination with the low sample
size reduced the power of the study to detect significant dif-
ferences between the treatment groups.

This study presented several limitations, mainly due to its
retrospective nature.

As previously mentioned, there was no standardisation of
the staging and diagnosis, which may have caused an under-
estimation of the number of patients categorised as having
disseminated disease. In addition, the diagnosis of histio-
cytic sarcoma was made by cytology alone in some cases
which could have resulted in misdiagnosis in some cases,
although the diagnosis would have been based on a com-
bination of cytological findings and other clinical features
suggestive of histiocytic sarcoma (e.g. tumour site, breed).
Although histopathology and immunohistochemistry are
considered the gold standard for the diagnosis of histiocytic
neoplasia, previous literature suggests that the distinction
of histiocytic sarcoma from other neoplastic diseases by
cytology alone is feasible (Cannon et al. 2015; Brown et al.
1994; Erich et al. 2018; Wiley et al. 2009). Hence, cytology
alone can be used if a biopsy would cause an increase risk
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of complications or morbidity (Cannon et al. 2015; Wiley
et al. 2009). Lastly, some of the previous major retrospective
studies used cytology as the sole diagnosis in a percentage
of cases, reflecting the reality of the clinical presentation
and diagnosis of the disease (Cannon et al. 2015; Skorupski
et al. 2009; Marlowe et al. 2018). Another limitation is the
lack of standardisation of the treatment. This was particu-
larly evident in patients treated with radiation therapy that
received different dose intensities and number of fractions
and in the choice of rescue protocol that have been used.
However, radiation therapy in the present study was mainly
performed in a palliative setting, and it is unlikely that the
use of different protocols has majorly affected the overall
survival time. Serum CRP concentrations were also meas-
ured using stored, frozen serum samples for a minority of the
cases (6/35 cases), which may have further confounded the
results of the study, and although there is no data regarding
the long term stability of canine CRP at —80C, one study in
humans only documented a small, but significant, increase
(0.34 mg/L) in serum/plasma CRP concentrations after
13 years of storage (postulated to be secondary to sample
dehydration) (Ishikawa et al. 2007). Therefore we believe
it is unlikely that serum CRP concentrations obtained from
frozen samples would have been significantly elevated at
the time of measurement compared to the time of sampling.
A last limitation of the study is the small sample size. This
could have caused a reduction in the statistical validity of
some analysis, particularly the association between treat-
ment and survival time, and the association between tumour
stage and serum CRP concentrations. For this reason, larger
studies with a standardisation of the staging system will be
required.

Conclusions

To the authors’ knowledge, this is the first study describing
serum CRP concentrations as a prognostic marker in differ-
ent breeds of dogs with histiocytic sarcoma, and it provides
proof of concept that serum CRP concentrations are associ-
ated with survival time in these patients. Decreasing age was
also independently associated with reduced survival in our
study. Even if serum CRP was associated with prognosis,
higher serum concentration of the protein were not associ-
ated with a more advanced stage of the disease or with the
primary localisation of the tumour. The association of serum
CRP concentrations, tumour stage and age with prognosis in
histiocytic sarcoma should be evaluated in larger studies that
also evaluate other established prognostic factors.
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