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ABSTRACT

Background: Feline Injection Site-Associated Sarcoma (FISS) is a mesenchymal neoplasia of aggressive behavior that
develops in sites where vaccine or drugs were administered. FISS is clinically characterized by the appearance of a
solitary firm nodule or a diffuse mass, adhered to tissues, in regions associated to vaccine or drug applications. Despite
low prevalence, tumor recurrence rates can reach 80%. FISS present more aggressive histological characteristics when
compared to sarcomas not associated to injection sites. The aim of this paper is to contribute towards the understanding
of the biological behavior of FISS.

Materials, Methods & Results: Sixteen samples of FISS were analyzed. Fibrosarcomas were the most frequent histologi-
cal subtype (62.5%). Malignant peripheral nerve sheath tumor was diagnosed in 18.75% cases. Ten (62.5%) FISS were
classified as grade II; 4/16 (25%) grade 1, and 2/16 (12.5%) grade III. Cox-2 overexpression occurred in 3/16 (18.75%)
samples, with positive correlation between Cox-2 expression and cellularity (r = 0.696, P = 0.003). Mitotic index lower
than 9 events was found in 11/16 (68.7%) samples and between 10 and 19 mitotic events in 5/16 (31.3%) cases. Mean
Ki-67 expression was 2.39 + 2.48%. FISS characterized as fibrosarcomas presented longer overall survival (median 545
days) than other histological subtypes (median 130.5 days) [P = 0.01].

Discussion: Patients with FISS generally present with larger nodules than those with sarcomas not associated to injections,
suggesting a challenge for pet owners to note subcutaneous tumors in the interscapular region, in addition to the aggressive
biological behavior of FISS. The influence of size on prognosis remains controversial. An association between histologic
grade and the development of metastasis has been observed, with patients with grade III FISS associated with an increase
in the metastatic rate. The present study did not find a correlation between overall survival and histologic grade. A positive
correlation between the presence of giant multinucleated cells and tumor grade has been observed. Despite the absence of
such correlation in the present study, possibly due to a small sample, a trend for higher frequency of giant cells in advanced
histologic grade was observed. Cox-2 expression in 81.75% and overexpression in 18.75% of our samples contrasts with
the 64% Cox-2 expression and the absence of Cox-2 expression found by other authors. A positive moderate correlation
between cellularity and Cox-2 expression was also observed, while another study did not find a correlation of Cox-2
expression with tumor grade, recurrence rates or overall survival. Cox metabolites such as prostaglandins can enhance
cellular proliferation, inhibit apoptosis, induce angiogenesis, alter cellular adherence to facilitate metastatic development
and inhibit immune surveillance. In the present study, no correlation was found between Cox-2 and angiogenesis in FISS.
Our findings demonstrated low immunolabeling for Ki-67. A previous study analyzed 52 samples of FISS, 51% of them
considered grade I1I, with a mean Ki-67 labeling of 14%. The lower Ki-67 staining in the samples of the present study may
be related to the lower number of samples of grade III FISS or to a difference in the studied population. Fibrosarcomas are
associated with better prognosis than other histological subtypes. Furthermore, malignant peripheral nerve sheath tumors
were diagnosed as a possible histological subtype of FISS.
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INTRODUCTION

Since 1990, veterinarians noticed an increase
in frequency of cutaneous and subcutaneous fibrosar-
comas in dorsal, cervical and interscapular region of
felines, regions generally used for vaccines and drug
applications [16]. These cases were subsequently
denominated Feline Injection Site-Associated Sar-
comas (FISS) and are clinically characterized by the
appearance of a solitary firm nodule or a diffuse mass,
adhered to tissues, in regions associated to vaccine or
drug applications [27]. Time of tumor development
following vaccination varies from four months to 10
years [2]. The estimated occurrence of FISS is between
0.36/10000 vaccinations [12] to 1/1000 vaccinations
[18,26].

FISS present more aggressive histological
characteristics when compared to sarcomas not as-
sociated to injection sites, revealing intense cellular
and nuclear pleomorphism, wide areas of necrosis
and high mitotic activity. Moreover, occurrence of a
peripheral inflammatory infiltrate, composed mainly
of lymphocytes and macrophages is common [8,15].

The oncogenic pathways that originate FISS
have been described as different from other sarcomas,
constituting a distinct pathological entity [8,18,23].
Persistent lymphocytic inflammation and the prolifera-
tion of fibroblasts and myofibroblasts associated to the
inflammatory reaction combined with the activation
of oncogenes and/or inactivation of tumor suppressor
genes are suggested as possible causes for the develop-
ment of FISS [18,30].

The goal of this study was to contribute towards
the understanding of FISS biological behavior through
the evaluation of histopathological and immunohis-
tochemical (Cox-2, Ki-67 expression) characteristics
and survival rates.

MATERIALS AND METHODS

Sample collection

Paraffin blocks containing feline sarcomas
from 2001 to 2013 were obtained from the Pathology
Department of the Veterinary School and from the
Laboratory of Comparative Pathology of the Federal
University of Minas Gerais (UFMG). Samples of tu-
mors surgically excised from regions commonly used
for subcutaneous injections (thoracic dorsal and costal
region, flank, and limbs) or presenting clinical history

of prior application at the nodule site were selected.
Information regarding breed, age, sex, size of the
tumor, treatments performed, and clinical evolution
were obtained from patient medical records and pet
owner interviews.

Histopathology

To establish a histopathological diagnosis, 4 um
sections were obtained from paraffin blocks and stained
with hematoxylin and eosin (HE) [17]. Complementary
diagnostic tests with immunohistochemistry with vi-
mentin [Vimentin Monoclonal Antibody (SP20)]', S100
[S-100 beta Monoclonal Antibody (SH-B1)]" or special
staining with safranin (Safranina O)> were used when
histopathology was insufficient to accurately diagnose
the neoplasm. Tumor cellularity (low, moderate, or
high), giant cell presence, and presence of inflammatory
infiltrate were evaluated. Inflammatory infiltrate was
classified according to the predominant cellular type
(Iymphocytic, lymphoplasmacytic), distribution (score
1 = focal; score 2 = multifocal; score 3 = diffuse), and
intensity (score 1 = low; score 2 = moderate; score 3 =
high). The product obtained by multiplication of dis-
tribution and intensity scores allowed the definition of
a 1 to 9 magnitude scale of peritumoral inflammation.
Formation of lymphoid follicles amid inflammatory
infiltrate was also registered.

Histological grade of FISS was defined through
evaluation of histological differentiation, tissue ne-
crosis and mitotic count, described in Table 1. Tumor
scores were added and classified as: grade I/ low grade:
3 - 4 points; grade II / intermediate grade: 5 — 6 points;
and grade 111 / high grade: 7 - 9 points [5].

Table 1. Scoring system for feline injection site sarcoma histological grade.

Parameter Points
Differentiation
Resembling adult mesenchimal tissue 1
Specific histological subtype 2
Nondifferentiated 3
Necrosis
Absent 1
<50% 2
> 50% 3
Mitotic count™®
0-9 1
10-19 2
>20 3

*The mitotic count was done in selected fields of the periphery of the
tumor, by two observers, with 10x ocular and 40x objective-glass, counted
in 10 high power fields.
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Microvascular density, collagen production,
and confirmation of fibroblastic histogenesis of the
tumor were evaluated through Gomori Trichrome stain.
Microvascular density was determined by counting
intratumoral neovessel in ten 400x magnification hot
spots, followed by the determination of medium vascular
index. Vessels were defined as a group of endothelial
cells with lumen containing red blood cells in the center.
Vessels presenting muscular layer were not considered.

Immunohistochemistry

For immunohistochemistry analysis, 4 um histo-
logical sections were used, and details are described in Ta-
ble 2. Endogenous peroxidase activity was blocked with
a solution of 3% H,O, in methyl alcohol. Immunohisto-
chemical procedures were identified with a polymerized
secondary antibody (Advance HRP®)?. Reagents were
applied manually, and immunoreactivity was visualized
by slide incubation for 10 min in diaminobenzidine (DAB
substrate system®)*. Samples of neoplasia previously
tested for Ki-67 [ki-67 Monoclonal Antibody (SolA15),
eBioscience®]' and sections of a canine kidney, known
for Cox-2 positivity, were used as positive control. Nega-
tive control was obtained by substitution of the primary
antibody for regular serum (Ultra V Block®)'.

Proliferation index was calculated through the
number of positive nuclei for Ki-67 in a total of 1000
neoplastic cells in hot spots [9]. Positivity for Cox-2
was demonstrated by presence of cytoplasmic mark-
ing, evaluated semi quantitatively, with a distribution
score defined by the percentage of positive cells in
five 400x magnification fields. It was classified as: O -
absence of staining; 1 - less than 10% of stained cells;
2 -10-50%; 3 - 31-90%; and 4 - more than 90%. Im-
munohistochemical scores of 3 and 4 (= 50% positive
cells) indicated Cox-2 overexpression [14].

Statistical analysis

Spearman’s correlation test was used to access
the association between the different studied variables.
Statistically significant correlations (P < 0.05) were
considered strong when they occurred in more than
49% of the studied population (r > 0.07), moderate,
when they occurred in 9 to 49% (0.3 <r < 0.7), and
weak, when they occurred in less than 9% of the
population (r < 0.3). Overall survival and disease-free
survival rates were evaluated in univariate analysis
derived from the Kaplan-Meier estimate and compared
by the long-rank test. Values were considered statisti-
cally significant when P < 0.05.

Table 2. Immunohistochemical antibodies, clones, sources, dilutions, antigen retrieval method and incubation in patients with feline injection site

sarcoma.

Antibody o Antigenic recuperation Incubation Time (h)/
Source Dilution X .
(Clone) [temperature (°C)/ exposure time (min)] Temperature
Ki-67 . Pressurized heat
Dakocytomation 1:25 . ) 16/4°C
(MIB-1) (125/2) with citrate buffer pH 6.0*
Cox-2 i
(SP21) Neomarkers 1:80 Water bath (98/20) with citrate buffer pH 6.0* 1/room temperature

*Dakocytomation target retrieval solution.

RESULTS

Histopathology and immunohistochemistry

Sixteen cases of FISS were evaluated. Mean tu-
mor size following surgical excision was 4.26 + 3.19 cm
(range 0.5 to 10 cm). Six (40%) neoplasms were found in
the thoracic dorsal region, 5/15 (33%) in the flank, 3/15
(20%) in the costal region, and 1/15 (7%) in a thoracic limb.

Fibrosarcoma was the most prevalent histologi-
cal type, occurring in 10/16 (62.5%) of cases, followed

by 3/16 (18.75%) malignant peripheral nerve sheath tu-
mor (Schwannoma, neurofibrosarcoma), 1/16 (6.25%)
hemangiosarcoma, 1/16 (6.25%) histiocytic sarcoma,
and 1/16 (6.25%) osteosarcoma. Immunohistochem-
istry for S100 was necessary to adequately diagnose
the 3/16 (18.75%) malignant peripheral nerve sheath
tumor, and safranin staining was required to diagnose
3/16 (18.75%) samples, two of fibrosarcomas and one
of osteosarcoma. Patients presented with fibrosarcomas
had longer overall survival (median 545 days) than
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the ones presented with other histological subtypes
(median 130.5 days) [P = 0.01] (Figure 1).
Regarding histologic grade, 10/16 (62.5%)
were classified as grade II; 4/16 (25%) grade I, and 2/16
(12.5%) grade 111 (Figure 2A & 2B). Microvessel density
ranged from 1.8 to 56.8 (mean 12.47 + 14.38) neovessel
per field (Figure 2C & 2D). Histological grade and mi-
crovessel density were not correlated with overall survival.
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Figure 1. Overall survival curves for 16 cases of feline injection site as-
sociated sarcoma according to histological subtype. FISS characterized as
fibrosarcomas presented longer overall survival (median 545 days) than
other histological subtypes (median 130.5 days) [P = 0.01].

Peritumoral inflammatory infiltrate

Peritumoral inflammatory infiltrate was ob-
served in all samples and classified as lymphocytic
infiltrate in 11/16 (68.75%) and lymphoplasmacytic in
5/16 (31.25%) samples. The infiltrate intensity was low
in 9/16 (56.25%) and moderate in 7/16 (43.75%) (Fig-
ure 3A & 3B). Distribution was considered multifocal
in 13/16 (81.25%), focal in 2/16 (12.5%) and diffuse in
1/16 (6.25%) cases. Inflammatory infiltrates organized
under the form of lymphoid follicles were observed in
two samples, both of grade III fibrosarcomas (Figure
3C). There was a moderate and positive correlation
(P =0.005; r =0.667) between tumor grade and lym-
phoid follicle formation. No correlation was observed
between peritumoral infiltrate and lymphoid follicles
with overall survival and Cox-2 or Ki-67 expression.

Giant multinucleated cells

Giant multinucleated cells were observed in only
4/16 (25%) cases, all in grade II and III tumors (Figure 3D).
While no statistically significant correlation was found, the
presence of giant cells tended to prevail in tumors of higher
histologic grade. Presence of giant multinucleated cells did
not correlate with cellularity, Ki-67 and Cox-2 expression

or overall survival. Necrosis was observed in 12/16 (75%)
cases, considered of moderate intensity in eight (66.7%)
and high intensity in four (33.3%).

Cellularity and collagen production of fibro-
sarcomas were evaluated. Cellularity was considered
moderate in 8/11 (72.7%), high in 2/11 (18.2%) and
low in 1/11 (9.1%) samples. Collagen production was
considered high in 4/11 (36.4%), moderate in 4/11
(36.4%) and low in 3/11 (27.2%). Cellularity and col-
lagen production of fibrosarcomas did not correlate
with grade, microvessel density or overall survival.

Cycloxygenase-2 expression

Cox-2 expression was observed in 13/16 (81.75%)
tumors and overexpression (> 50% positive cells) was ob-
served in 3/16 (18.75%) samples. A positive and moderate
correlation (P = 0.696; r = 0.003) was observed between
cellularity and Cox-2 expression (Figure 4A & 4B). No
correlation was found between Cox-2 expression and
vascularity, Ki-67 expression, or overall survival. Immu-
nohistochemical analysis for Ki-67 demonstrated a mean
staining of 2.39 + 2.48 (Figure 4C & 4D). Low mitotic
index (lower than 9 mitosis) was noted in 11/16 (68.7%)
samples, and between 10 and 19 mitosis in 5/16 (31.3%)
cases. Correlation between Ki-67 expression and cellular-
ity, vascularity or overall survival was not observed.

DISCUSSION

Mean tumor diameter of FISS described in the
present study was similar to a previous report [10]. Pa-
tients with FISS generally present with larger nodules
than those with sarcomas not associated to injections,
suggesting a challenge for pet owners to note subcutane-
ous tumors in the interscapular region, in addition to the
aggressive biological behavior of FISS [25]. The influence
of size on prognosis remains controversial, as a previ-
ous study observed that size did not influence prognosis
directly [32], while another observed a trend to a better
prognosis for tumors smaller than 4 centimeters [28].

Patient selection for the present study initiated in
2001, when the Vaccine-Associated Feline Sarcoma Task
Force (VAFSTF) recommendations to vaccinate cats in
the limbs were already established [29]. In the United
States of America, a fast change in the location of injec-
tion site sarcomas was observed from 1990 to 2006 [33].
However, most of the sarcomas in this study developed
in areas contraindicated for injections in felines, which
may suggest that the VAFSTF recommendations remain
unpracticed by many veterinarians in our region.
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Figure 2. Feline Injection Site Sarcoma. A- Low histologic grade neoplasm presenting uniform cells without
mitotic figures and necrosis [H&E; 30 um]; B- High histologic grade neoplasm revealing moderate cellular pleo-
morphism, mitotic figures (arrow), and necrosis (asterisk) [H&E; 30 um]. C- Neoplasia presenting low microvessel
(arrow) density [Gomori Trichrome; 30 pm]. D- Neoplasia presenting high microvessel (arrows) density [Gomori
Trichrome; 30 um].

Figure 3. Feline Injection Site Sarcoma. A- Discrete peritumoral lymphocytic infiltrate (arrow) [H&E; 50 um]. B-
Intense peritumoral lymphocytic infiltrate (arrow) [H&E; 50 um]. C- Peritumoral inflammatory infiltrate organized
as a lymphoid follicle (arrow) [H&E; 50 um]. D- Giant multinucleated cells (arrow) [H&E; 50 pm].
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Figure 4. Feline Injection Site Associated Sarcoma. A- Negative neoplastic cells for Cox-2 immunolabeling.
Polymeric detection system anti-Cox-2 [counterstained with Harris’s hematoxylin; 30 um]. B- Neoplastic cells
presenting high intensity of Cox-2 immunolabeling (arrows). Polymeric detection system anti-Cox-2 [counterstained
with Harris’s hematoxylin; 30 um] C- Neoplasia presenting low proliferation index. Polymeric detection system
anti-Ki-67 [counterstained with Harris’s hematoxylin; 30 um]. D- Neoplasia presenting high proliferation index.

Polymeric detection system anti-Ki-67 [counterstained with Harris’s hematoxylin; 30 um].

Fibrosarcomas are malignant neoplasms that
originate from fibroblasts and are described as the
most common histologic type of FISS, occurring in
approximately 80% of cases [34]. Fibrosarcomas
are also reported as the most common malignant
mesenchymal tumor in cats, representing 12 to 25%
of all skin tumors [13]. Other histological variants
of FISS include malignant fibrous histiocytoma, os-
teosarcoma, chondrosarcoma, rhabdomyosarcoma,
myxosarcoma, and undifferentiated sarcoma [8,15].
In addition, the present study reported, for the first
time in the reviewed literature, the histological
diagnosis of malignant peripheral nerve sheath
tumor in FISS. An incidence of 3.2% of malignant
peripheral nerve sheath tumor was reported in fe-
line sarcomas, however no association to injection
of vaccines or drugs administrations were described
[31]. It is suggested that sarcomas observed in
injection sites in felines should be classified histo-
logically only as FISS, due to high pleomorphism
[5]. A previous study did not observe association

between histological diagnosis and prognosis in
FISS [34]. However, in the present study, FISS
fibrosarcomas presented a longer overall survival
than other histological subtypes, demonstrating the
importance of histopathological evaluation in the
prognosis of FISS.

Histologic grade is the most important
prognostic factor for soft tissue sarcomas in adult
humans regarding distant metastasis probability
and survival [22]. In FISS, retrospective stud-
ies did not find a correlation between histologic
grade and recurrence [6,11] and overall survival
[6]. An association between histologic grade and
the development of metastasis has been observed,
with patients with grade III FISS associated with
an increase in the metastatic rate [32]. The present
study did not find a correlation between overall
survival and histologic grade.

Vascularization of FISS through immunohis-
tochemical expression of factor VIII and observed
staining has been reported in 0.3% to 4.8% of
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cells [5]. The different methodologies adopted for
microvessel analysis precludes direct comparison
of results. Although in both studies no correlation
between microvessel density and histologic grade
was observed.

Peritumoral inflammatory infiltrate was ob-
served in all samples, corroborating with a previous
study [5], that also identified a lymphocytic inflamma-
tory infiltrate in the periphery of all FISS evaluated.
It is hypothesized that myofibroblasts activated by the
tumor form a protective capsule, mechanically prevent-
ing the penetration of T lymphocytes and macrophages
into the tumor [5].

Our findings suggest a positive moderate cor-
relation between histologic grade and lymphoid fol-
licle formation amid inflammatory infiltrates. Several
authors described the occurrence of perivascular lym-
phoid aggregates, without any correlation with tumor
differentiation or progression [5,8,30].

The absence of giant cells in grade I FISS
corroborates with previous findings [10]. A positive
correlation between the presence of giant multi-
nucleated cells and tumor grade has been observed
[5]. Despite the absence of such correlation in the
present study, possibly due to a small sample, a
trend for higher frequency of giant cells in advanced
histologic grade was observed. In humans diagnosed
with soft tissue sarcomas, the presence of giant
intratumoral cells is correlated with aggressive and
invasive phenotype and is important for prognosis
[21].

Cox-2 expression in 81.75% and overex-
pression in 18.75% of our samples contrasts with
the 64% Cox-2 expression [3] and the absence of
Cox-2 expression found by other authors [1]. A
positive moderate correlation between cellularity
and Cox-2 expression was also observed, while
another study did not find a correlation of Cox-
2 expression with tumor grade, recurrence rates
or overall survival [3]. Cox metabolites such as
prostaglandins can enhance cellular proliferation,
inhibit apoptosis, induce angiogenesis, alter cellu-
lar adherence to facilitate metastatic development
and inhibit immune surveillance [7]. In the present
study, no correlation was found between Cox-2 and
angiogenesis in FISS.

Our findings demonstrated low immuno-
labeling for Ki-67. A previous study analyzed 52
samples of FISS, 51% of them considered grade

III, with a mean Ki-67 labeling of 14% [10]. The
lower Ki-67 staining in the samples of the present
study may be related to the lower number of samples
of grade III FISS or to a difference in the studied
population. Some authors did not observe meaning-
ful differences in Ki-67 expression in varied grades
of FISS [5,10], and it is also related an absence of
correlation between Ki-67 expression and overall
survival in felines with injection sarcoma [10]. Ki-
67 is considered an independent prognostic marker
in high grade sarcomas of several histological sub-
types that affect humans, related to disease-free and
metastasis-free survival [20].

The mitotic index was considered low in most
samples of FISS in this study, while most studies de-
scribe a high mitotic activity for this tumor [5,8,15].
The low mitotic index and the low Ki-67 expression in
FISS can explain the low metastatic index of this tumor
[2,19] and the inconsistent answer to chemotherapy
and radiotherapy [4,10,24]. Therefore, the aggressive
behavior of FISS may not be related to rapid tumor
proliferation, but to its local invasiveness, hindering
surgical excision with clean margins, even with ag-
gressive surgical interventions. The locally invasive
behavior can also be related to the recurrence of up
to 42% of FISS in which margins were considered
clean [24].

CONCLUSION

Characterization of the histological subtype
of FISS is essential, since fibrosarcomas are as-
sociated with a better prognosis when compared to
other histological subtypes. Biological behavior of
FISS does not seem to be related to its proliferation
index or Cox-2 expression. More undifferentiated
neoplasms are associated with peritumoral inflam-
matory infiltrate organized under lymphoid follicles.
Furthermore, malignant peripheral nerve sheath
tumors were diagnosed as a possible histological
subtype of FISS.
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