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ABSTRACT 

 

Neoplasms represent a constantly increasing threat for companion animals, requiring 

fast and reliable diagnostic techniques. In this context, cytology is a diagnostic tool 

widely applied to preliminarly investigate the nature of lesions observed in daily 

veterinary practice. Nevertheless, considered the limitations of cytology as well as 

the key role that a cytological diagnosis might cover for the clinical approach to each 

patient, estimation of the reliability of this technique represents a fundamental step. 

With this in mind, diagnostic accuracy studies can provide a proof of reliability of 

cytological results, when the latter are compared to the histopathological gold 

standard. With these premises, the main aim of the current Thesis was to evaluate 

the diagnostic accuracy of cytology applied to different round cell tumors and 

sarcomas currently representing a serious threat for the canine and feline species. 

Chapter 1 describes a study investigating the diagnostic accuracy of cytology in the 

evaluation of canine splenic neoplasm. To the best of our knowledge, our work was 

the first study conjunctively reporting overall accuracy, sensitivity, specificity, positive 

predictive value, and negative predictive value of cytology in the diagnosis of these 

lesions. Diagnostic accuracy indexes identified limitations of negative cytological 

results in excluding a dog to be truly free from neoplasia; however, high specificity 

and positive predictive value still highlighted cytology as a valuable tool in the 

diagnostic approach to splenic neoplasms. In Chapter 2 is described a study 

investigating interobserver agreement and diagnostic accuracy of cytology in the 

immunophenotype prediction of feline nodal lymphoma. Our results revealed a low 

inter-observer agreement and a low diagnostic accuracy in immunophenotype 

prediction, thus highlighting potential marked differences among laboratories and 

even among different cytologists within the same laboratory, and consequently the 

mandatory need of histopathology and immunohistochemistry for a correct 

interpretation of feline nodal lymphoma immunophenotype.  Chapter 3 describes two 

studies focusing on the application of cytology in the evaluation of nodal metastasis 

of canine mast cell tumor (MCT). The preliminary investigations described in Section 

1 focused on the quantification of mast cells in cytological nodal samples obtained 
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from both non oncological dogs and MCT-bearing dogs, revealing that mast cell (MC) 

quantification in lymph node (LN) cytological samples obtained from the latter might 

be useful to determine the nodal metastatic status. Our findings further suggested 

that neither the sampling technique applied to collect cytological samples nor the 

quantification method applied to estimate the number of MCs, influence the number 

of nodal MCs observed. Section 2 describes a study investigating interobserver 

agreement and diagnostic accuracy of cytology in the evaluation of the metastatic 

status of lymph nodes obtained from MCT-bearing dogs. Specifically, the study 

investigated the diagnostic performance of the cytological interpretative system 

currently available in literature as well as that of 2 amendments of the latter (AM1 

and AM1.2 system). Our results revealed that the AM1.2 system, which include MC 

quantification besides the cytological criteria reported in the previously published 

cytological interpretative system, could represent a valid alternative to the latter, 

being characterized by an almost overlapping interrater agreement, and sensibly 

higher accuracy and sensitivity without substantial changes of the other diagnostic 

accuracy indexes. Besides studies focusing on the diagnostic accuracy of cytology, 

the Addendum briefly describes the results of 2 research projects investigating viral 

oncolysis in a cell culture model of canine histiocytic sarcoma, performed by the 

Ph.D. candidate during his externship at the University of Veterinary Medicine of 

Hannover (TiHo Hannover, Germany).  
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PREFACE AND AIMS 

 

Neoplasms represent a constantly increasing threat for companion animals, similarly 

to what happens in human beings.1,21,186,212 

Neoplasm can be divided according to histogenesis (i.e. the embrional layer the 

neoplastic cells originated from) into ectodermal, mesodermal, and endodermal, with 

the second including all mesenchimal tumors.146 According to biological behavior, i.e. 

the tendency to infiltrate surrounding tissue and/or to metastatize, neoplasms can be 

further subdivided  into benign and malignant, with the terms “sarcoma” generally 

referring to malignant mesenchymal tumors.146 Finally, neoplasms can be divided 

according to cell morphology and tendency to aggregate into epithelial, 

mesenchymal, and round cell tumors, which approximately correspond to neoplasms 

of epithelial, mesenchymal, and hematopoietic origin, although exceptions are 

reported.164 In practice, however, the aformentioned classifications are intimately 

intermingled. As few examples, it would be sufficient to think about lymphomas or 

histiocytic sarcomas, which are simultaneously classified as “sarcomas” on the basis 

of the histogenesis, and “round cell tumors” as per cell morphology.146 

The present Ph.D. Thesis is specifically concerned with the study of round cells 

tumors and sarcomas. More specifically, while a detailed review of classification, 

morphological features, and biological behavior of these neoplasms falls beyond the 

aims of the current Thesis, the work of the Ph.D. candidate was focused on the 

evaluation of diagnostic accuracy of cytology applied to different round cell tumors 

and sarcomas currently representing a serious threat for the canine and feline 

species.  

Cytology is a diagnostic tool widely diffuse in daily veterinary practice whose main 

aim in diagnostic clinical settings is to preliminarily identify the nature of a lesion 

(neoplastic versus reactive), and possibly to distinguish benign from malignant 

tumors.3,23,43,128,189,190,227,229 Cytology is indeed a diagnostic technique able to provide 

useful information to guide clinical decisions in a minimally invasive and cost effective 

way, in association with the tremendous advantage of a short turnaround time (i.e. 
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the time comprised between sampling and diagnosis).23,32,189,190,229 Furthermore, 

cytological sampling can be virtually applied ex vivo to almost all organs and tissues, 

being generally well-tolerated by patients and requiring none or minimal 

pharmacological restraint.23,122,190 Additionally, cytological sampling is generally safe 

and relatively easy to perform with a low rate of associated complications,3,9,148,202,232 

and might be guided by different imaging techniques (e.g. ultrasounds) which can 

improve precision in specimen collection and interpretation of morphological 

findings.7,9,11,40,44,124,125,134,155,170,173 Finally, when compared to histology, cytology 

allows a better identification of etiological agents and an improved definition of 

cellular and nuclear details.190 

The most important limitation of citology is perhaps represented by the impossibility 

to evaluate the microanatomical architecture of the investigated tissue,23,32,189 

although cellular arrangements suggestive of certain structures such as glandular 

tubules and capillaries can be still observed.123,164 Lack of recognizable tissue 

architecture, along with intrinsical features of the cells (e.g. poorly differentiated 

tumors) might lead to non definitive cytological diagnoses.23,32,128,189,190,229 

Inconclusive sampling, i.e. specimens that are acellular or poorly-cellular or 

characterized by marked blood contamination,23,41,81,189,193 represents an additional 

limitation of cytology that can depend upon the nature of the sampled organ (e.g. the 

high content of blood in spleen) or the lesions affecting it (e.g hemhorrages or 

necrosis). 81,128,189,190,193 Finally, non-definitive diagnoses or misdiagnoses can also 

be due to the inexperience of the cytologist who evaluates the sample,42,128,174,190 or 

by the inexperience of the operator who collect and prepare the smear or the touch 

imprint.3,81,189 The issue is further complicated by the fact that a variable degree of 

interobserver agreement,52,208 as well as a considerable lack of consensus among 

cytologists in the use of modifiers (such as “possible” or “probable”),42 can affect 

cytological diagnosis. 

According to the balance between the aforementioned advantages and limitations, 

cytology is still considered an irreplaceable diagnostic tool for a preliminary 

evaluation of lesions observed in daily clinical practice.43,189,190 Nevertheless, the 

estimation of the reliability of this technique represents a fundamental step, given the 
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key role that a cytological diagnosis might cover for the clinical approach and for the 

selection of the most appropriate treatment for each patient.42,52,189,190 In this regards, 

diagnostic accuracy studies can provide a proof of reliability of cytological results, 

when the latter are compared to the histopathological gold  standard,23,189–191 which 

should be more precisely defined as the “reference test” or “reference standard”.27 

According to 2007 FDA guidelines,215 “the diagnostic accuracy of a new test refers to 

the extent of agreement between the outcome of the new test and the reference 

standard”. In this context, histopathology represents the best alternative to cytology, 

being characterized by the tremendous advantage of allowing the evaluation of tissue 

and of lesion architecture.23,32,128,189,191,229 Although histology can be still affected by 

limitations too, such as the number of sections evaluated 92,120 or a variable degree of 

interrater agreement in specific conditions,52,147 as well as by its intrinsic increased 

invasiveness, this technique is still widely recognized as the reference standard.23,189–

191 

Unfortunately, despite the aforementioned premises, studies investigating the 

diagnostic accuracy of cytology in veterinary medicine are still too few. Some 

examples of studies specifically focusing on the evaluation of cytological diagnostic 

accuracy in the canine and feline species are listed below, according to the organ 

system investigated: 

 Lymph nodes;71,106,108 

 Bone;19,176 

 Mammary gland;55,61 

 Liver;7,11,173,202 

 Oral cavity;24 

 Nasal cavity;35,36 

 Kidney;124,125 

 Multiple organs;30,48,58,155 

 Spleen;9,40,44,148 

 Prostate;170 

 Skin;76 

 Perianal glands. 177 
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In other cases, cytological diagnostic accuracy studies focused on specific 

pathological entities: 

 Soft tissue sarcomas;134 

 Feline intestinal lymphoma;175 

 Feline nasal hamartoma;28 

 Melanoma;83,163 

 Pheochromocytoma.18 

As common sense would suggest, a detailed comparison of results among the 

aforementioned studies would be useless and time-wasting, due to the marked 

differences between the two species (i.e. dog and cat) and among the organs and 

pathological conditions investigated. Disregarding the common belief that for cytology 

sensitivity and negative predictive value are generally lower than specificity and 

positive predictive value, respectively,189 a high variability in terms of these indexes 

has reported among studies (as examples, the readers are invited to consult the 

following references: 7,36,71,124,125). This means that the accuracy of cytology in ruling 

in or ruling out a certain diagnosis is strictly dependent on the tissue and on the 

lesion investigated.189 This observation correlates with the observation that, based on 

cell morphology, a different tendency to exfoliate has been reported for different 

neoplasms, with round cell tumors showing the highest exfoliation rate and spindle 

cell tumors the lowest.36,41,48,204,229 Another advantage of diagnostic accuracy 

investigations is the possibility to apply this kind of study design to refine cytological 

criteria and quantification cut-off for certain cellular elements in view to improve 

consistency with the histopathological reference standard.28,202 This approach allows 

the establishment of classification schemes characterized by a reduction of the 

interobserver  agreement among different Institutions as well as by the possibility of 

establishing potential correlations of the same schemes with the clinical 

outcome.52,227 Additionally, diagnostic accuracy studies can be further strengthen by 

the investigation of interobserver agreement,157,174 according to the observation that 

interrater variation might influence reliability of diagnostic accuracy studies.71,83,106 

Nonetheless, only a few of the aforementiond studies investigating diagnostic 
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accuracy of cytology in veterinary medicine included the evaluation of interobserver 

agreement among different cytologists.18,28 

Besides the unavoidable differences in study designs implied by the investigation of 

such different organs and pathological entities, some of the aforementiond studies 

investigating diagnostic accuracy of cytology in veterinary medicine included results 

which cannot be compared with successive similar works due to incomplete reporting 

of data.189,190 Some specific examples are represented by the reporting of cumulative 

results of diagnostic accuracy of cytology simultaneously referring to different 

species,9,48,58 or by lack of reporting of clear indications concerning the number of 

animals affected by a specific clinical condition and included in the study.106 In this 

context, it should be remembered that incomplete reporting has been described as 

one of the major sources of avoidable waste in biomedical research.52,78 Further 

factors which might contribute to make difficult critical appraisal and replication of 

studies is the lack of clear indications concerning selection criteria for investigated 

cases, according to the observation that diagnostic accuracy indexes are not fixed 

properties of the test under evaluation and are influenced by the prevalence of the 

investigated condition.27,189,233 To reduce the amount of avoidable waste in 

biomedical research in the field of diagnostic accuracy studies, in 2003 a group of 

different professional figures introduced specific guidelines, called “Standards for 

Reporting Diagnostic Accuracy Studies” (abbreviated as STARD).26 Nowadays, the 

latest and most recent version of these guidelines is the one updated in 2015,27 

which has been accompanied by a detailed explanation and elaboration document,46 

and followed by the publication of guidelines for drafting abstracts in diagnostic 

accuracy studies.47 The aims of STARD guidelines are to avoid incomplete reporting 

in diagnostic accuracy studies and to improve the general quality of the latter, 

reducing problems related to study identification, critical appraisal, and replication.27 

Although these guidelines have been available since 2003,26 only a very limited 

number of studies investigating the diagnostic accuracy of cytology in veterinary 

medicine applied them.7,18,19,36,71,124,125 Therefore, further studies are warranted to 

investigate in further details the reliability of cytology in terms of diagnostic accuracy 

in veterinary medicine.  
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In this context, the main aim of this Thesis was the investigation of diagnostic 

accuracy of cytology in several fields of round cell neoplasms and sarcomas in 

veterinary medicine, including:  

- Diagnostic accuracy of cytology in the evaluation of canine splenic neoplasm 

(Chapter 1); 

- Diagnostic accuracy of cytology and interobserver agreement in the 

immunophenotype prediction of feline nodal lymphomas (Chapter 2); 

- Diagnostic accuracy of cytology and interobserver agreement in the evaluation 

of the metastatic status of lymph nodes obtained from mast cell tumor-bearing 

dogs, preceded by preliminary investigations on the quantification of mast cells 

in cytological nodal samples obtained from the same patients (Chapter 3). 

Each Chapter opens with a review of the literature in each of the aforementioned 

topics.   

Besides investigations in the field of the diagnostic accuracy of cytology, during his 

externship at the University of Veterinary Medicine of Hannover (TiHo Hannover, 

Germany) the PhD candidate was involved in 2 research projects concerning viral 

oncolysis in a cell culture model of canine histiocytic sarcoma. The 2 projects are the 

main focus of investigation of the Ph.D. Thesis of Dr. Federico Armando from the 

Department of Veterinary Medicine Sciences of the University of Parma (Parma, 

Italy); therefore, only a brief summary of the main findings is reported in the current 

Thesis (Addendum). 
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CHAPTER 1 - DIAGNOSTIC ACCURACY OF 
CYTOLOGY IN THE EVALUATION OF CANINE 
SPLENIC NEOPLASMS 

 

SCIENTIFIC PRODUCTION OF THE PH.D. CANDIDATE IN THE FIELD 

The study described in the current chapter has been published in 2019 in the peer-

reviewed Journal “PLOS ONE”, with the Ph.D. candidate as one of the 2 co-first 

Authors: 

 Tecilla M*, Gambini M*, Forlani A, Caniatti M, Ghisleni G, Roccabianca P (2019) 

Evaluation of cytological diagnostic accuracy for canine splenic neoplasms: An 

investigation in 78 cases using STARD guidelines. PLoS ONE 14(11): e0224945.  

The manuscript, as well as Supplementary Table S1 and Supplementary Tabel S2, 

can be found in Open Access at the following link: 

https://doi.org/10.1371/journal.pone.0224945. 

 

INTRODUCTION AND AIMS 

The complex microanatomical architecture of the spleen, composed by an intricate 

bed of vascular sinuses intermingled with lymphoid follicles and supported by thick 

stromal septa, is somehow mirrored by the wide range of tumors that can develop 

within this organ.220,227 Literature is widely concordant in describing 

hemangiosarcoma (HES) as the most common primary splenic malignant tumor of 

dogs. 44,49,64,97,198 However, there is no consensus regarding the incidence of benign 

and malignant splenic lesions, with some studies reporting a higher prevalence of 

benign lesions,17,44,57,198,199 including hematoma and hyperplasia, and other works 

describing malignancies as the most frequent pathologic conditions.4,49,64,86,97 In this 

context, due to the poor prognosis associated with HES, splenectomy is still the 

routine approach to most canine splenic masses for both diagnostic and therapeutic 

purposes.44,49,69,232 

https://doi.org/10.1371/journal.pone.0224945
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In human beings, splenectomy has been associated with the occurrence of the so-

called “overwhelming post-splenectomy sepsis”, which is a lethal syndrome mostly 

affecting pediatric and young patients.51,149 Despite not so common, this syndrome 

represents a serious concern in human medicine, thus splenic preservation, 

especially in children, is now the standard care in hemodynamically stable patients 

when underlying splenic neoplasia is not suspected.8 The latter is an underestimated 

problem in veterinary medicine, where splenectomy is still the routine therapeutic 

approach to splenic lesions 199 despite the recent indications that the surgical 

procedure should be avoided as possible.40 Post-splenectomy survival rate has been 

described lower in dogs with HES compared to dogs with benign lesions.97,199 

Although this can be interpreted as fair survival data, it has been reported that a 

proportion of dogs (7.6%) might develop complications secondary to splenectomy 

because of thrombotic or coagulopathic syndromes.236 Additional adverse effects 

following splenectomy in dogs reported in the literature included peri- and post-

operative ventricular arrhythmias,121,151,236 reduced blood filtration and renewal,132,133 

impairment of humoral immune response,98 reduced immune-surveillance against 

bacteria and parasites,100,101,110,168,211 and higher incidence of gastric dilatation-

volvulus.2,69,115,181 

In this context, any preoperative diagnostic approach to splenic lesions might be 

beneficial in preventing unnecessary splenectomy. Ultrasonographic examination of 

nodular splenic lesions in dogs is not reliable to differentiate with certainty benign and 

malignant processes, requiring the use of additional, ideally minimally invasive, 

diagnostic tests.109  In veterinary medicine, cytologic sampling represents one of the 

most useful approaches to the pre-surgical diagnosis of splenic disease.9,41 Indeed, 

the spleen is readily accessible due to its superficial anatomical location.97 

Notwithstanding the common belief that splenic aspiration can be dangerous 

especially when investigating cavitated masses,40,44,69 complications from splenic 

aspiration procedures are rarely elicited even in thrombocytopenic animals.9,148,199,232 

Similarly, in human medicine splenic fine needle aspiration (FNA) cytology is seldom 

associated with complications,79,82 resulting in 5.2% secondary complications with 

fewer than 1% considered severe and consisting mostly of controllable hemorrhage.  
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Given the aforementioned considerations, attempts to minimize unnecessary 

splenectomy should prompt an increased use of additional diagnostic techniques as 

preoperative screening tests to characterize splenic disease. Fine needle aspiration 

cytology can provide diagnostic information useful to distinguish inflammatory, benign 

and malignant nodular lesions and to assess generalized splenomegaly.9,41,44 

Despite the relatively high frequency of splenic diseases in dogs, data regarding 

usefulness and validity of diagnostic cytology are fragmentary. In veterinary 

medicine, no studies have comprehensively assessed overall accuracy, sensitivity, 

specificity, positive and negative predictive values of canine splenic cytology against 

histopathology utilizing the Standards for the Reporting of Diagnostic Accuracy 

Studies (STARD) guidelines.9,30,40,48,58,148,232 STARD guidelines have been created to 

avoid incomplete reporting in diagnostic accuracy studies and to improve the general 

quality of the latter, reducing problems related to study identification, critical 

appraisal, and replication.27 Overall agreement between cytology and histology of 

canine splenic lesions is the most frequent index reported, ranging from 38 to 

100%.9,30,40,44,48,58,148,232 It is noteworthy that this index has been evaluated on a 

limited number of splenic cytological specimens (range: 5-40).9,30,40,44,48,58,148,232 In 

most reports, sensitivity, specificity, positive and negative predictive values of splenic 

cytology were not calculated and cannot be properly estimated because caseloads 

simultaneously included multiple species,9,30,48,58,148 multiple tissues and 

organs,30,48,58 or “equivocal” or “provisional” cytological and histological 

diagnoses.9,30,40 Application of STARD guidelines in the current study allowed cross-

tabulation of cytological results (i.e. the index test) against those of histopathology 

(i.e. the reference standard) to generate sensitivity and specificity values.27 These 

data have not been included in previous studies and will be useful for future 

researchers comparing diagnostic methods for canine splenic neoplasms. 

To avoid unnecessary splenectomy, a diagnostic test with a high sensitivity and 

negative predictive value would be desirable because these indexes measure the 

percentage of diseased dogs correctly diagnosed with splenic neoplasia and the 

probability that dogs with a negative cytology truly do not have a neoplasm, 

respectively. In this context, the aim of this study was to determine the diagnostic 
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accuracy of cytology in the diagnosis of canine splenic neoplasms utilizing the 

corresponding histopathology as the diagnostic reference standard,9,30,36,48,71 

following STARD guidelines.27 Additionally, sensitivity of cytology in the diagnosis of 

specific tumor types and in the identification of nodular versus diffuse neoplasms was 

evaluated. 

 

MATERIAL AND METHODS 

Criteria of selection of cases 

In this retrospective study, the electronic cytological database of the Diagnostic 

Pathology Service of the Department of Veterinary Medicine (DIMEVET) of the 

University of Milan was searched for splenic samples collected between January the 

1st, 1998 to January the 31st, 2018. The database was searched for specific key 

words in the following combinations: 1) “dog” and “spleen”, 2) “dog” and “splenic”. A 

consecutive series of canine splenic cytologies was obtained. Cytological samples 

came from external referring private practices or from the Veterinary Teaching 

Hospital (VTH) of the DIMEVET, or were prepared from fresh surgical biopsies and 

necropsies. Samples were submitted or collected to evaluate splenomegaly or 

nodular lesions. 

The histopathology database was then searched for the histopathological 

specimen(s) corresponding to the same lesion examined by cytology. 

Histopathological samples were obtained from splenic biopsies (nodular lesions) or 

whole spleens (from splenectomies or necropsies) submitted to the Diagnostic 

Pathology Service of the DIMEVET, or were represented by slides submitted by 

external pathologists as second opinion cases. A time interval >45 days between 

cytological and histological sampling was considered as an exclusion criterion. 

Histopathological samples collected via needle core biopsies (NCBs) were excluded 

from the study as they may bear reduced diagnostic reliability compared to incisional 

and excisional histological samples.19,232 Cases were included in the study only when 

at least 1 cytological and 1 histological slide of the same lesion were available for 

review. 
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Additional information collected from the archives for cases investigated in the study 

included sex, age, breed, cytological sampling technique (e.g. fine needle aspiration 

– FNA, touch imprinting, scraping smearing), and gross appearance of the lesion (i.e. 

diffuse versus nodular lesion).  

To improve data completeness, transparency, and reproducibility, the study was 

conducted following the STARD guidelines 27 to the best of Authors’ ability. All canine 

splenic samples included in the current retrospective work, regardless of the 

sampling technique applied, were submitted to the Diagnostic Pathology Service of 

the DIMEVET for diagnostic purposes of spontaneous developing diseases. No 

animals were sampled or euthanized for research use. The use of animal tissue in 

the current study was approved by the Ethics Committee in charge for animal welfare 

of the University of Milan (Organismo Preposto al Benessere degli Animali, OPBA) 

with protocol number OPBA_86_2019. Sensitive information regarding owners and 

animals were stored, managed and preserved according to European and Italian 

laws. 

 

Sample processing 

Cytological samples were air dried and manually stained with May-Grünwald-Giemsa 

(Merck KGaA, Frankfurt, Germany). Tissue samples for histopathology were fixed in 

10% neutral buffered formalin, processed routinely, and embedded in paraffin wax. 

Sections of 5 µm were stained with Hematoxylin and Eosin. Second opinion cases 

were provided as Hematoxylin and Eosin stained slides by the referring pathologists. 

 

Case review 

All cytological and histopathological samples were independently reviewed in a 

blinded fashion by three cytologists (an ECVP diplomate, an ECVCP diplomate, and 

an ECVP trainee) and by three anatomical pathologists (2 ECVP diplomates and an 

ECVP trainee), respectively. Both cytologists and anatomical pathologists were 

blinded to signalment information related to each case.  
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For each cytological case, one slide for each sampling technique was reviewed. First, 

slides were examined at low-power magnification (i.e. 100x) to assess the adequacy 

of the specimen. Those samples characterized by marked hemodilution in the 

absence of both stromal elements and a mixed population of leukocytes, were 

defiend as “poorly cellular”.41 Poorly cellular and poorly smeared samples (i.e. 

samples too thick or where most cells were ruptured), and samples where stain 

quality impaired adequate definition of the cell type (e.g. formalin-contaminated 

smears), were considered inconclusive.41 As previously reported,9,19,30,36,58,71,232 

inconclusive cases were excluded from the statistical analysis. 

Cytological diagnoses were expressed according to those reported in the literature 

(Figure 1).17,41,128,165 To facilitate comparison of the agreement between cytological 

and histological results, each cytological sample was further classified as neoplastic 

or non-neoplastic according to the main pathologic process. Non-neoplastic samples 

were those characterized by degenerative, reactive (including extramedullary 

hematopoiesis), and inflammatory changes, as well as normal specimens consisting 

of stromal elements with mixed leukocyte population.40,41,165 Reviewing cytologists 

were not allowed to use diagnostic modifiers such as “probably”, “most likely”, 

“suggestive of”, as previously reported,19 nor to provide equivocal diagnoses (i.e. 

reporting more than one differential diagnosis). When a univocal diagnosis was not 

reached, cytologists reviewed the case collaboratively to find an agreement. Only the 

definitive diagnosis was included in the consecutive statistical analysis. 

Neoplastic cytological samples were further subdivided by tumor type into the 

following subcategories: benign soft tissue tumor  including angioma (BSTT), 

angiosarcoma (HES), soft tissue sarcoma  other than angiosarcoma (STS), 

lymphoma (LYM), mast cell tumor (MCT), histiocytic tumors including 

hemophagocytic sarcoma (HS), other round cell tumors including plasma cell tumor, 

myeloid leukemia, and undifferentiated round cell tumor (ORCT), carcinoma (CARC), 

and malignant neoplasm not otherwise specified (MNNOS). 

Cases were included only when the three anatomical pathologists were in agreement 

because histopathology served as the diagnostic reference standard to evaluate 

cytological diagnostic accuracy. Neoplasms were classified applying the World 
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Health Organization’s histologic classification of tumors in domestic animals (Figure 

1).89,102,139,220–227 To further standardize histopathological diagnoses, anatomic 

pathologists were invited to classify some specific pathological entities (i.e. 

lymphomas, histiocytic proliferative disorders, nodular lesions previously classified as 

“fibrohistiocytic nodules”) according to criteria reported in recent literature.137,140,218,219  

For nodular lesions, histological samples were considered conclusive and therefore 

included in the statistical analysis only if at least one slide containing at least one 

margin between the nodule and the adjacent splenic parenchyma was available for 

review.57,198,199  

Histological samples were then classified as neoplastic and non-neoplastic. 

Neoplastic cases were further subclassified utilizing the same subcategories applied 

to cytological samples. 
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Figure 1. Cytological smears and corresponding histopathology of canine splenic lesions.  

 

A) Hemangiosarcoma, fine needle aspiration cytology (FNA). Moderately cellular sample composed of small 

aggregates of spindle cells with distinct cell margins, blue cytoplasm, and numerous cytoplasmic vacuoles. The 

nucleus is oval, with homogeneous chromatin. May-Grünwald-Giemsa (MGG). B) Hemangiosarcoma, 

histopathology. Corresponding histopathology of case illustrated in Figure 1. Hematoxylin-Eosin (HE). C) 

Lymphoma, FNA. Highly cellular sample composed of pleomorphic neoplastic round cells, of 14-60 μm, frequently 
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characterized by multinucleation and nuclear clefts. MGG. D) Lymphoma, histopathology. Histopathological 

evaluation of the sample represented in Figure 3. The splenic parenchyma is replaced by a solid sheet of round 

cells with the same cytological features detected in the cytological sample. HE. E) Marginal zone hyperplasia, 

FNA. Highly cellular sample, composed by a monomorphic population of medium sized lymphocytes, with one 

prominent round central nucleolus and abundant bluish cytoplasm, mimicking a marginal cell lymphoma. MGG. F) 

Marginal zone hyperplasia, histopathology. Histological evaluation of the sample represented in Figure 5. 

Expansion of the marginal zones without formation of a splenic nodular lesion and with maintenance of the normal 

splenic architecture. HE. 

 

Data analysis 

For all cases, the cytological diagnosis was compared with its paired 

histopathological diagnosis. Since histological samples maintain tissue architecture 

and are not biased by cellularity,19,58,229,232 histopathology was set as the reference 

standard as previously reported.9,30,36,48,71 

To determine diagnostic accuracy indexes, cytological specimens were classified 

according to four correlation categories (true positive, true negative, false positive, 

false negative). Specifically, the True Positive (TP) category included all cytological 

samples diagnosed as neoplastic with a corresponding neoplastic histopathology. 

The True Negative (TN) category comprised all cytological samples diagnosed as 

non-neoplastic with a corresponding non-neoplastic histopathology. The False 

Positive (FP) category included all cytological samples diagnosed as neoplastic with 

a corresponding non-neoplastic histopathology. The False Negative (FN) category 

comprised all non-neoplastic cytological diagnoses with a corresponding neoplastic 

histopathology.  

To evaluate the sensitivity of cytology in the diagnosis of specific tumor types, only 

those cases histologically confirmed as neoplastic were taken into account. The 

subcategories assigned to each cytological and corresponding histological sample 

were then compared. When cytological and histological diagnoses matched for both 

neoplastic categorization and tumor type subcategorization, the case was defined as 

“true positive with complete agreement”. When cytological and histological diagnoses 

matched for the neoplastic categorization but did not match for the tumor type 

subcategorization, the case was defined as “true positive with partial agreement”. 
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When a histopathological diagnosis categorized as neoplastic corresponded to a 

cytological diagnosis categorized as non-neoplastic, the case was considered in 

disagreement and defined as “false negative case”. 

 

Statistical methods 

Cytological-histological correlation categories (TP, FP, TN, FN) were included in a 

2x2 contingency table and used to calculate point estimates of overall accuracy, 

sensitivity, specificity, positive and negative predictive values.24,71 Overall accuracy 

was defined as the ability of cytology to correctly identify neoplastic and non-

neoplastic lesions, and was calculated as the sum of cases in which cytology and 

histology agreed in diagnosing a lesion as neoplastic (i.e. TP) or non-neoplastic (i.e. 

TN), divided by the total number of cases included in the study.58,106 Given that pre-

determined acceptability criteria for diagnostic performance of splenic cytology to 

distinguish between neoplastic and non-neoplastic lesions have not been previously 

established, overall accuracy, sensitivity, specificity, positive and negative predictive 

values were considered low if <70%, moderate if ≥70% and <80%, high if ≥80% and 

<90%, and very high when ≥90%. (Bonfanti et al., 2015) To increase data 

comparability with other studies, positive and negative likelihood ratios were also 

calculated.71All diagnostic accuracy indexes and the corresponding ninety-five 

percent (95%) confidence interval were calculated for each of the above mentioned 

indices of diagnostic test accuracy using a web-based application (MEDCALC - 

https://www.medcalc.org/calc/diagnostic_test.php).  

The level of agreement between cytology and histopathology in the diagnosis of 

splenic neoplastic conditions was further investigated calculating the Cohen's kappa 

coefficient (κ), which was then corrected by the standard error. The value of k can be 

indicative of no agreement (if k <0), slight agreement (k = 0 - 0.20), fair agreement (k 

= 0.21 - 0.40), moderate agreement (k = 0.41 - 0.60), substantial agreement (k = 0.61 

- 0.80), almost perfect agreement (k = 0.81 - 0.99), or perfect agreement (k = 1).24,71 

Cohen's kappa and standard error were calculated utilizing GraphPad QuickCalcs 

Web site (GraphPad Inc. - https://www.graphpad.com/quickcalcs/kappa2/).  

https://www.medcalc.org/calc/diagnostic_test.php
https://www.graphpad.com/quickcalcs/kappa2/
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Sensitivity of cytology in differentiating splenic tumor types was defined as the ability 

of cytology to correctly identify as neoplastic a sample belonging to a specific 

neoplastic subcategory. Therefore, sensitivity for each tumor type was calculated as 

the sum of cases in complete and partial agreement (i.e. true positive cases) divided 

by the total number of cases with that specific neoplasm.48 

Similarly, the sensitivity of cytology in the diagnosis of neoplastic lesions according to 

their distribution pattern (i.e. diffuse or nodular) was evaluated. For each distribution 

pattern, sensitivity was calculated as the sum of cases in complete and partial 

agreement (i.e. true positive) divided by the total number of cases with a specific 

distribution pattern. Sensitivity of cytology according to distribution pattern was 

calculated for neoplastic lesions in general (i.e. the general sensitivity value obtained 

in our study), as well as for those specific neoplastic subcategories including cases 

with either diffuse or nodular distribution pattern. 

Chi-square analysis applied to pairwise comparison was performed to evaluate 

whether statistically significant differences existed in the sensitivity of cytology for 

different tumor types, as well as in the diagnosis of neoplastic lesions with diffuse or 

nodular distribution pattern.19,71 Specifically, the sensitivity of cytology for each 

neoplastic subcategory was compared with the sensitivity for splenic neoplasms in 

general, the sensitivity for all other neoplastic subcategories grouped together, and 

the sensitivity for any other neoplastic subcategory. Similarly, the difference between 

sensitivity for nodular or diffuse lesions among neoplasm in general and for each 

neoplastic subcategory was statistically investigated. Chi-square analysis was 

performed only on sensitivity values different from 0% and 100%, using MEDCALC 

(https://www.medcalc.org/calc/comparison_of_proportions.php). A p-value <.05 was 

considered statistically significant. 

 

RESULTS 

Animals and samples 

From a total of 950 splenic cytological samples retrieved between 1998 and 2018, 92 

cytological samples from 91 dogs were included in the study, with one dog sampled 

https://www.medcalc.org/calc/comparison_of_proportions.php
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for two distinct splenic lesions. A total of 858 splenic cytological cases were excluded 

for the following reasons: lack of a corresponding histopathological sample (832 

cases), unavailable cytological and/or histological samples (16 cases), and 

histological diagnosis expressed on NCBs (10 cases). Among the selected 

cytological cases, 14 were considered inconclusive, and therefore excluded from the 

consecutive statistical analysis. Detailed evaluation of diagnostic accuracy was 

performed on 78/92 reviewed cytological samples (retrieval rate: 84.78%) obtained 

from 77 dogs.19 

Sex was available for 76/77 dogs: 19 were neutered females, 6 neutered males, 21 

intact females, and 30 intact males. Mean age was 9.05 years (age range 2 months-

16 years; age was not available for 2 cases). Twenty-six (26) breeds other than 

mongrels were represented; in one case breed was not provided.  

The time interval between cytological sampling and the corresponding histopathology 

collection ranged from 0 to 44 days for all cases.  

Of the 78 cases included in the study, 81 cytological slides were evaluated (3 cases 

were sampled with two different techniques, i.e. touch imprinting and scraping 

smearing). Cytological samples consisted of 43/81 touch imprints (53.09%) collected 

from both surgical biopsies and necropsies, and 28 FNAs (34.57%). Among the 

latter, 21 were ultrasound guided, 1 was CT-scan guided, 1 was obtained during 

surgery, while for 5 FNA biopsies no additional sampling information was available. 

Finally, in 6 cases scrapings were obtained from surgical and necropsy specimens 

(7.41%). In 4 cases (4.94%) the sampling technique was not specified.  

Complete agreement among anatomical pathologists was reached for all the 78 

corresponding histopathological samples. Histopathological specimens were 

distributed as follows: 51 surgical samples from partial or complete splenectomies 

(51/78 cases, 65.38%), 24 spleens from necropsies (24/78, 30.77%), and 3 cases 

submitted as a second opinion (3/78, 3.85%). 

Detailed signalment information and cytological sampling techniques applied for dogs 

investigated in the current study are reported in Supplementary Tables S1 and S2 

(available at the following link: https://doi.org/10.1371/journal.pone.0224945). 

https://doi.org/10.1371/journal.pone.0224945
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Cytological and histological diagnoses 

All cytological and corresponding histopathological diagnoses (78 cases) are listed in 

Supplementary Table S1 (available at the following link: 

https://doi.org/10.1371/journal.pone.0224945). The diagnoses for the cytological-

histological pairs excluded due to inconclusive cytology are listed in S2 Table 

(available at the following link: https://doi.org/10.1371/journal.pone.0224945).  

No diagnostic differences were found for samples collected using two different 

sampling techniques, and therefore they were considered as one case in the 

consecutive statistical analysis. Cytologically, 37/78 cases were diagnosed as 

neoplastic (47.44%) and 41/78 as non-neoplastic (52.56%). All cases diagnosed as 

neoplastic were classified as malignant, thus no benign neoplasms were cytologically 

observed. 

Histologically, 56/78 cases (71.79%) were neoplastic (S1 Table) and 22/78 cases 

(28.21%) were non-neoplastic. Malignant tumors were 51 (51/56 tumors, 91.07%) 

and 5 were benign. The prevalence of each tumor type is reported in Table 1. No 

malignant neoplasm not otherwise specified (MNNOS) were observed among 

evaluated cases.  

Table 1. Prevalence, agreement levels, and sensitivity of cytology in the diagnosis of each neoplastic 

subcategory. 

 Prevalence 

TP cases with 

complete 

agreement 

TP cases 

with partial 

agreement 

FN cases Sensitivity 
Confidence 

Interval (95%) 

TOTAL 
71.79% 

(56/78) 

42.86% 

(24/56) 

21.43% 

(12/56) 

35.71% 

(20/56) 
64.29% 50.36% - 76.64% 

HES 
28.57% 

(16/56) 

68.75% 

(11/16) 
6.25% (1/16) 25% (4/16) 75% 47.62% - 92.73% 

LYM 
28.57% 

(16/56) 
37.50% (2/16) 12.50% (6/16) 50% (8/16) 50% 

24.65% – 

75.35% 

STS 12.50% (7/56) 42.86% (3/7) 28.57% (2/7) 28.57% (2/7) 71.43% 29.04% - 96.33% 

BSTT 8.93% (5/56) 0% (0/5) 0% (0/5) 100% (5/5) 0% 0.00% - 52.18% 

https://doi.org/10.1371/journal.pone.0224945
https://doi.org/10.1371/journal.pone.0224945
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 Prevalence 

TP cases with 

complete 

agreement 

TP cases 

with partial 

agreement 

FN cases Sensitivity 
Confidence 

Interval (95%) 

HS 7.14% (4/56) 25% (1/4) 50% (1/4) 25% (1/4) 75% 19.41% - 99.37% 

MCT 7.14% (4/56) 100% (4/4) 0% (0/4) 0% (0/4) 100% 39.76% - 100% 

CARC 5.36%(3/56) 66.67% (2/3) 33.33% (1/3) 0% (0/3) 100% 29.24% - 100% 

ORCT 1.79% (1/56) 0% (0/1) 100% (1/1) 0% (0/1) 100% 2.50% - 100% 

Legend: BSTT, benign soft tissue tumor including angioma; CARC, carcinoma; FN, false negative; HES, 

angiosarcoma; HS, histiocytic neoplasm (including hemophagocytic syndrome); LYM, lymphoma; MCT, mast cell 

tumor (MCT); ORCT, other round cell tumor; STS, soft tissue sarcoma other than angiosarcoma; TP, true 

positive.  

Of the total 78 splenic lesions, 60 were nodular (76.92%), and 17 were diffuse 

(21.79%), while no information regarding the distribution pattern was available for 1 

case (1.28%). Among the 56 neoplastic lesions, 43/56 cases (76.79%) were nodular 

and 12 cases (21.43%) were diffuse. The case for which distribution pattern was not 

provided was a liposarcoma (1.79%). This case was excluded from the evaluation of 

cytology sensitivity according to neoplasm distribution pattern. The proportion of 

cases with nodular or diffuse pattern for each tumor type are reported in Table 2. 

 

Table 2. Prevalence, agreement levels and sensitivity of cytology in the diagnosis of each neoplastic 

subcategory on the basis of distribution pattern. 

 

Nodular Diffuse 

# of cases TP FN 

Sensitivity 

(95% CI) 

# of cases TP FN 

Sensitivity 

(95% CI) 

TOTAL 
43/56 

(76.79%) 
26/43 17/43 

60.47% 

(44.41% - 

75.02%) 

12/56 

(21.43%) 
9/12 3/12 

75% 

(42.81% - 

94.51%) 

HES 
14/16 

(87.50%) 
10/14 4/14 

71.43% 

(41.90% - 

91.61%) 

2/16 

(12.50%) 
2/2 0/2 

100% 

(15.81% - 100%) 

LYM 
10/16 

(62.50%) 
5/10 5/10 

50% 

(18.71% - 

81.29%) 

6/16 

(37.50%) 
3/6 3/6 

50% 

(11.81% - 

88.19%) 
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Nodular Diffuse 

# of cases TP FN 

Sensitivity 

(95% CI) 

# of cases TP FN 

Sensitivity 

(95% CI) 

MCT 1/4 (25%) 1/1 0/1 

100% 

(2.50% - 100%) 

3/4 (75%) 3/3 0/3 

100% 

(29.24% - 100%) 

Legend: CI, confidence interval; FN, false negative; HES, angiosarcoma; LYM, lymphoma; MCT, mast cell tumor 

(MCT); TP, true positive. 

 

Cyto-histological correlation 

Following the tabulation of cytological and histological diagnoses (S1 Table), 36 

cases (46.15%) were classified as TP, 21 (26.92%) as TN, 20 (25.64%) as FN, and 1 

(1.28%) as FP (Table 3). 

Table 3. Cytological-histological correlation categories. 

Diagnosis Histology: neoplastic Histology: non-neoplastic Total 

Cytology: neoplastic 36 (TP) 1 (FP) 37 

Cytology: non-neoplastic 20 (FN) 21 (TN) 41 

Total 56 22 78 

Legend: FN, false negative; FP, false positive; TN, true negative; TP, true positive. 

The FP case had a cytological diagnosis of lymphoma that corresponded 

histologically to a purulent bacterial splenitis (in this case the full spleen was 

available for analysis and no tumor was found; however, severe marginal zone 

hyperplasia was present). 

Neoplastic and non-neoplastic lesions were correctly identified in 57/78 cases (Table 

3), thus overall accuracy of cytology was 73.08% (Table 4). Sensitivity of cytology in 

the diagnosis of splenic neoplasms was 64.29%, specificity was 95.45%, positive 

predictive value was 97.30%, and negative predictive value was 51.22% (Table 4). 

Positive and negative likelihood ratios were 14.14 and 0.37, respectively (Table 4).  
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Table 4. Prevalence of neoplastic lesions, with point estimate and 95% confidence interval of diagnostic 

accuracy indexes, likelihood ratios and Cohen’s k. 

Diagnostic accuracy index Value Confidence Interval (95%) 

Prevalence 71.79% 60.47% – 81.41% 

Overall accuracy 73.08% 61.84% - 82.50% 

Sensitivity 64.29% 50.36% - 76.64% 

Specificity 95.45% 77.16% - 99.88% 

PPV 97.30% 84.01% – 99.60% 

NPV 51.22% 42.21% - 60.15% 

PLR 14.14 2.06 – 96.94 

NLR 0.37 0.26 – 0.54 

K value 0.473 0.304 – 0.643 

Legend: NLR, negative likelihood ratio; NPV, negative predictive value; PLR, positive likelihood ratio; PPV, 

positive predictive value. 

According to Cohen’s test, the level of agreement was considered as “moderate”, 

with a κ value of 0.473 corresponding to a standard error of 0.086. 

The distribution of TP and FN cases for each tumor type is reported in Table 1. The 

sensitivity of cytology in the diagnosis of each neoplastic subcategory was 100% for 

MCT, CARC, and ORCT, 75% for HES, 75% for HS, 71.43% for STS, 50% for LYM, 

and 0% for BSTT included in the study. Further details regarding complete and 

partial agreement between cytological and histological diagnoses as well as 

confidence intervals of sensitivity value for each tumor type are listed in Table 1. Chi-

square analysis of cytological sensitivity was applicable only to HES, HS, STS, and 

LYM. No statistically significant sensitivity differences were observed (p-value range: 

0.1506 - 1.0). 

The proportion of TP and FN cases with nodular or diffuse pattern for each tumor 

type are reported in Table 2. Sensitivity of cytology in the diagnosis of neoplastic 

lesions in general according to their distribution pattern was 60.47% for nodular and 

75% for diffuse neoplasms, with no statistically significant difference between the two 

values (p = 0.3593). For some tumor types, the sensitivity of cytology on the basis of 

the distribution pattern was not calculated, given that only nodular (BSTT, STS, HS, 
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CARC) or diffuse (ORCT) neoplastic lesions were represented in these categories. 

Sensitivity in the diagnosis of nodular and diffuse lymphomas was for both 50%, with 

no statistically significant difference between the two values (p = 1.0). Sensitivity for 

nodular angiosarcomas was 71.43% and 100% for diffuse angiosarcomas, while 

sensitivity for both nodular and diffuse mast cell tumors was 100%. Considering 

these results, Chi-square analysis of sensitivity on the basis of the distribution pattern 

was not performed for angiosarcomas and mast cell tumors. 

 

DISCUSSION 

In this study we reported overall accuracy, sensitivity, specificity, positive predictive 

value, and negative predictive value of cytology for the diagnosis of canine splenic 

neoplasms. Similar previous studies 9,30,40,44,48,58,148,232 limited the evaluation of 

cytological diagnostic accuracy to overall agreement with histopathology, hampering 

comparison with our results. Our study evidenced a moderate overall accuracy of 

cytology. Specifically, although this technique had a very high specificity and positive 

predictive value for the diagnosis of splenic neoplasia, sensitivity and negative 

predictive value were low, indicating that cytological diagnosis of splenic neoplasia is 

reliable, but a negative result cannot be used to exclude the possibility of splenic 

neoplasia. Specifically, low sensitivity and negative predictive value of this study 

indicate that a cytology negative for neoplasia should prompt further investigations to 

confirm a dog to be truly free from neoplastic disease. This contrasts with our initial 

hypothesis that cytology may represent a useful tool to avoid unnecessary 

splenectomy. Nontheless, the very high specificity and positive predictive value 

identified cytology as a good and reliable tool to rule in the diagnosis of splenic 

neoplasia with a high degree of confidence. In practical terms, a cytology positive for 

neoplasia may lead to a faster surgical treatment, avoiding lag times and higher costs 

associated with application of diagnostic imaging techniques such as contrast-

enhanced ultrasound and computed tomography (CT).45,109 Our results are in line 

with studies evaluating diagnostic accuracy of cytology applied to various organs in 

dogs,24,36,48,58,71 with sensitivity and negative predictive value generally lower than 

specificity and positive predictive value, respectively.  
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According to overall accuracy and Cohen’s k values observed in the current study, 

cytology is not a reliable alternative to histopathology in the definitive diagnosis of 

splenic tumors in most cases, as previously reported for the evalaution of nodal 

metastasis in canine malignant solid tumors.71 

To allow comparison of our findings with data previously reported in the literature, the 

overall accuracy (defined as the sum of complete and partial diagnostic agreements) 

was calculated from the raw data of previously published caseloads 9,30,40,44,48,58,148,232 

when not explicitally reported in the corresponding manuscript. It should be specified 

that the overall accuracy was calculated considering those cytological cases with an 

“equivocal” diagnosis (i.e. reporting more than 1 differentials) as in agreement with 

the corresponding histology if the right diagnosis was cytologically hypothesized. 

Results of this comparison are illustrated in Table 5.  

Table 5. Comparison of the current study with those previously published which simultaneously reported 

cytological and histological diagnosis of the same lesions. 

 
Overall 

accuracy 
# cases 

Inconclusive 
samples 

Prevalence 
of 

neoplasia 

Sampling 
technique 

Study 
design 

Factors 
limiting 

comparison 

Eich et al. 
(2000)58 

38% 13 0/13 cases ND 
Intraoperative 

FNA 
P 

No 
distinction 
dog VS cat 

Braun et al. 
(2007)30 

69.7% 34 4/34 cases 61.76% ND R ND 

Christensen 
et al.  

(2009)40 
88% 17 0/17 cases 52.94% 

US-guided 
FNA 

(+ 1 squash 
preparation) 

R ND 

Cohen et al. 
(2003)48 

60% 5 0/5 cases ND ND R 
No species 
distinction 

Watson et 
al. (2011)232 

60% 40 5/40 cases 45.71% 
US-guided 

FNA 
P 

Histology on 
NCBs 

Cleveland et 
al.  

(2016)44 
66.67% 12 0/12 cases ND 

US-guided 
FNA 

R ND 

Ballegeer et 
al.  

(2007)9 
83.87% 32 1/32 cases 54.84% 

US-guided 
FNA 

R 
No 

distinction 
dog VS cat 

O’Keefe et 
al.  

(1987)148 
100% 12 0/12 cases 50% FNA R ND 

Current 
study 

73.08% 92 14/92 cases 71.79% 
FNA, SCRA, 

TIC 
R ND 

Inconclusive cases were excluded from the calculation of the overall accuracy. Prevalence of neoplasia 

exclusively refers to those cases for which both cytology and histology were available. Legend: FNA, fine needle 

aspiration; NCBs, needle-core biopsies (not the real reference standard); ND, not determined/not available/nor 

reported; P, prospective; R, retrospective; SCRA, scraping smearing; TIC, touch imprinting; US-guided, 

ultrasonography-guided; # cases, number of lesions evaluated for which both cytology and histology were 

available.  
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When compared with previous studies, our overall accuracy value (73.08%) laid in 

between the higher range of 83.87-100% 9,40,148 and the lower 38-69.7% range 

30,44,48,58,232 reported in other studies. None of the previous studies reported 

specificity, sensitivity, positive predictive values, and negative predictive value for the 

cytological evaluation of of canine splenic neoplasm. Unfortunately, according to the 

marked differences in terms of diagnostic categories and criteria applied, it was not 

possible to extrapolate data for the recalcualtion of these diagnositc accuracy 

indexes from previous studies. 

The values of our diagnostic accuracy indexes might have been biased by the 

exclusion of inconclusive cases from the statistical analysis. Although this approach 

is allowed by STARD guidelines,27 the sampling error represents an important source 

of the overall error when the goal is to determine the diagnostic accuracy of cytology 

in a clinical setting.48 The higher number of inconclusive cases observed in the 

current study compared to previously published studies might be the consequence of 

our sensibly larger caseload. In a clinical setting, sampling of inconclusive cases 

might be avoided immediately evaluating smear quality. In a report focusing on 

cytological evaluation of malignant tumors of dogs and cats,128 cytological sampling 

was repeated up to 3 times until an adequately cellular specimen was obtained. 

Accordingly, this control procedure should be implemented as frequently as possible 

in clinical practice. In this view, clinicians should keep in mind that, whenever 

immediate preliminary evaluation of the quality of cytological smears is not feasible, 

histopathology might still be necessary for reaching a definitive diagnosis.  

Regarding the reliability of cytology in the diagnosis of specific tumor types, the lack 

of statistically significant differences between subcategories observed in the current 

study may be related to an imbalance in the number of investigated cases for each 

tumor type. Additionally, our results may be influenced by the tumor histogenesis, 

since exfoliation rate varies substantially between round cell, epithelial and 

mesenchymal tumors.36,41,48,229 Specifically, mesenchymal tumors have the lowest 

tendency to exfoliate 36,41,48,229 explaining the observed lack of sensitivity in 

diagnosing benign mesenchymal tumors. Moreover, identification of vascular tumors 

(i.e. angiomas and HES) among false negative cases is not surprising since the 
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architecture of these tumors often leads to significant peripheral blood contamination 

in aspirates (Figure 1 – A and B).17,41,58,189 In this context, if a clinical concern of HES 

is posed, correlation with signalment, results from blood analysis, coagulation values, 

and ultrasound appearance may increase diagnostic accuracy of cytology.17  

However, even though HES are usually challenging to diagnose cytologically due to 

the abundant hemodilution, the presence of few, scattered, severely atypical spindle 

to polygonal cells, often arranged in small groups, having cytoplasmic vacuolations 

and fading cytoplasmic borders, should warranted a diagnosis of a suspected spindle 

cell neoplasia.17 Additional findings such as non-degenerate neutrophilis, 

eosinophilis, increased erythrophagocytosis, EMH, and apoptotic leukocytes may 

further support the suspect of HES.17 

The low sensitivity of cytology in the diagnosis of splenic lymphomas might be 

correlated to the specific distribution of tumor types in the spleen, where indolent 

nodular lymphomas (i.e. mantle cell lymphoma and marginal zone lymphoma) are 

frequent as it was in this caseload. These are nodular lymphomas composed of small 

to medium sized cells with minimal atypia and a low mitotic rate.217,219 Thus, mantle 

cell lymphoma and marginal zone lymphoma can be easily misinterpreted as reactive 

lymphoid hyperplasia on cytology, and histopathology is often necessary considered 

that the definitive diagnosis relies on the evaluation of tumor architecture.219 

Although not statistically significant, our results paralleled those of previous reports 

identifying higher cytological accuracy in the diagnosis of diffuse compared to focal 

lesions.40,58,189   

One false positive diagnosis of neoplasia (i.e. lymphoma) was included in this study. 

In this case, a cytological diagnosis of lymphoma corresponded to a neutrophilic 

bacterial splenitis in association with severe marginal zone hyperplasia in histology 

(Figure 1 – E and F). In general, a false positive diagnosis of lymphoma is extremely 

rare especially in those tissues where lymphocytes do not represent a normal 

resident population or in tissues where nodular low grade B cell lymphomas are rare, 

such as in the mediastinum.223,227 However, in the spleen of dogs the situation 

overturns and the cytological diagnosis of lymphoma should be reached with more 

caution. Indeed, splenic marginal zone hyperplasia is a common finding in 
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dogs,219,223 and cytological sampling from these areas may result in a monomorphic 

specimen mimicking marginal zone lymphoma. This is a risk that pathologists have to 

bear in mind; thus the diagnosis of nodular low-grade lymphoma should be supported 

by histological evaluation of architectural changes, especially in dogs. A recent report  

has demonstrated a high overall concordance between histopathology, 

immunohistochemistry and PCR for antigen receptor rearrangement (PARR) in the 

diagnosis of marginal zone lymphoma, mantle cell lymphoma and lymphoid or 

complex nodular hyperplasia.178 Therefore, further development of combined 

methods also applicable to cytological specimens may provide a less invasive and 

more valuable diagnostic approach to the diagnosis of splenic nodular lymphoid 

lesions. 

Although histopathology is generally considered the diagnostic reference 

standard,9,30,36,48,71 several limitations should also be considered for this technique in 

the diagnosis of splenic tumors. Specifically, the diagnosis of splenic hematomas and 

hemangiosarcomas is considered difficult, especially if spleens are not submitted 

entirely and if adequate samples from the margin of the lesion are not 

collected.57,91,198,199 Noteworthy, splenic hematomas and HES may not be grossly 

distinguishable,40,57,198,199 with the first possibly representing a component of the 

latter.91,154 In this regards, it is noteworthy that during the publication process of the 

current study, another work was published, which suggested that at least 5 sections 

trimmed by an expert operator should be evaluated to avoid misdiagnosis of HES as 

a non neopalstic lesion.91 Although this specific guideline was not included in the 

currrent work due to timing, it should be remembered that our inclusion criteria 

specified that for nodular lesions, the review of at least one slide containing at least 

one margin between the nodule and the adjacent splenic parenchyma was required 

to consider histological diagnosis as reliable. 

The current study is characterized by several limitations, mainly due to its 

retrospective nature. One major limit was the inclusion of specimens obtained by 

different sampling techniques, with a high number of impression smears collected 

from both surgical biopsies and necropsies. Additionally, the inclusion of splenic 

cytological samples from necropsies and the University setting of this work may have 
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further biased the study toward cases with a more aggressive behavior and with 

features of malignancy easier to diagnose, as it might be also suggested by oru 

higher prevalence of neoplastic conditions compared to previously publsihed studies 

(Table 5). This may not reflect daily clinical practice in which FNA is the most 

common sampling technique to pre-operatively assess splenic lesions. Furthermore, 

as previously observed,48,229 different sampling methods may have resulted in an 

improvement of sensitivity of cytology in this study, especially for those neoplasms 

characterized by low exfoliation rate. On the other hand, this observation can be 

viewed also in positive terms. Indeed, in a practical setting the preliminary evaluation 

of surgical biopsies or entire spleens by cytology prior to fixation could be 

implemented to facilitate the diagnosis and to reduce turnaround time. Additionally, 

this approach can provide pathologists with material useful not only for a preliminary 

diagnosis, but also for immunocytochemistry and for PARR on fresh specimens.  

Despite this caseload being larger than previously reported ones, the small number 

of cases evaluated may explain the relatively wide confidence intervals observed 

around point estimates of our diagnostic accuracy indexes. Results might have been 

further biased by the inclusion criteria applied in the current study, leading to the 

exclusion of more than 90% cytological samples of canine spleen in our archives.  

Unfortunately, full agreement with STARD guidelines could not be obtained in the 

current study  since the type of treatment administered between cytological and 

histological sampling (item 22 of guidelines), and the incidence of adverse events 

following splenic sampling (item 25 of guidelines), could not be retrieved from our 

electronic archives.27 

In conclusion, to the best of our knowledge, this is the first study conjunctively 

reporting overall accuracy, sensitivity, specificity, positive predictive value, and 

negative predictive value of cytology in the diagnosis of canine splenic neoplasms 

compared to histopathology. Diagnostic accuracy indexes identified limitations of 

negative cytological results in excluding a dog to be truly free from neoplasia; 

however, high specificity and positive predictive value still highlighted cytology as a 

valuable tool in the diagnostic approach to splenic neoplasms. Nevertheless, our 
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findingss need to be further validated by prospective studies with sampling 

standardization.   
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CHAPTER 2 - INTEROBSERVER AGREEMENT 
AND DIAGNOSTIC ACCURACY OF CYTOLOGY 
IN THE PREDICTION OF FELINE LYMPHOMA 
IMMUNOPHENOTYPE 

 

SCIENTIFIC PRODUCTION OF THE PH.D. CANDIDATE IN THE FIELD 

The study described in the current chapter has been published as a Short Paper in 

February 2021 in the “Journal of Comparative Pathology”, with the Ph.D. candidate 

as the first Author: 

 Gambini M, Martini V, Bernardi S, Caniatti M, Gelain ME, Roccabianca P, 

Comazzi S (2021) Cytology of feline nodal lymphoma: low inter-observer 

agreement and variable accuracy in lymphoma immunophenotype prediction. 

Journal of Comparative Pathology, 184:1-6. 

The manuscript can be found at the following link: 

https://www.sciencedirect.com/science/article/abs/pii/S002199752100013X  

 

INTRODUCTION AND AIMS 

Lymphoma is the most common hematopoietic neoplasm in both dogs and cats.214,216 

According to the numerous common features shared with the human counterpart,118 

including the vast heterogeneity in subtypes and biological behaviors of non-Hodgkin 

forms, canine lymphomas has been subjected to numerous investigations up to 

date.227 Conversely, literature regarding lymphomas in cats is pretty fragmentary 

despite the high incidence of this tumor in feline species.138 Therefore, lymphoma in 

cats still represents a challenge in daily clinical practice.214 

In both dogs and cats, lymphomas can be classified anatomically, histologically, 

immunophenotypically, and according to cell morphology.216 Despite apparently 

highly time-consuming, this complicate algorhytm is fundamental considered that 

these features, in association with and in the frame of the WHO clinical staging, are 

correlated with response to therapy and clinical outcome.216,217 

https://www.sciencedirect.com/science/article/abs/pii/S002199752100013X
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Most dogs affected by lymphoma develop often asymptomatic multicentric forms 

which are characterized by systemic lymphadenomegaly.216,242 On the other hand, on 

the basis of the anatomical location, feline lymphomas can be distinguished in 

alimentary, mediastinal, extranodal (i.e. involving kidney, skin, central nervous 

system, eye, nose), multicentric (mainly involving spleen, liver, and peripheral or 

visceral lymph nodes), and leukemic forms.32,74,88,138,182,216 Alimentary form followed 

by mediastinal and extranodal forms, are the most common clinical presentations of 

feline lymphoma,62,74,113,138,182,238 and may further correlate with the age and the 

retroviral status of the cat.113,227 In this context, conversely to dogs, it is noteworthy 

that multicentric lymphoma in cats is rarely correlated with systemic 

lymphadenomegaly which is in contrast mostly associated with reactive 

lymphadenopathy.3,23,32,88,138 

Nodal lymphoma is most often diagnosed by cytology in dogs, being the most 

frequent clinical presentation of this tumor in this species.216,242 In dogs, cytology is 

considered a reliable technique to diagnose lymphoma given the remarkable 

prevalence of high-grade cases, ranging from 73% to 75%.70,160,183 Still, the 

classification of these tumours based on their cytological features is characterized by 

a variable inter-observer agreement ranging from fair to almost perfect, depending on 

the classification system applied.208 Additionally, cytology investigations cannot 

evaluate tumor architecture, which represents a key feature in the establishment of 

the final diagnsosis.160,218 Therefore, further laboratory analyses such as 

immunohistochemistry and/or flow cytometry, are generally required to confirm the 

diagnosis and determine immunophenotype and lymphoma subtype.32 However, 

some specific cytological features have been described in  dogs as suggestive of T 

or B cell origin including cells size, cytoplasmic colour and granules, nuclear shape, 

chromatin pattern, and number, size, and distribution of nucleoli.70,160  

Differently from canine species, cytological diagnosis of lymphoma seems to be 

challenging in cats 23,32,214 and this may be particularly true for nodal lymphomas 

likely because specific diagnostic criteria have been poorly described in the literature 

due to the low prevalence of this disease presentation.74,88,138 Additionally, cytological 

classification of feline lymphomas has been applied only on relatively small 
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caseloads of feline lymphomas,39 with occasional association with the prognosis.182 

The low number of studies investigating cytological features of feline lymphomas 

might be further correlated to the high prevalence of abdominal and mediastinal 

forms and the frequent need of patient sedation, both factors that complicate the 

collection of samples.106,122,214 The issue is further complicated by the fact that small 

cell lymphomas might mimic reactive lymphadenopathy, with the opposite evenience 

being reported too, posing a serious diagnostic challenge which may affect 

diagnostic accuracy of cytological evaluation.23,32,106,165,189,214 In this context, histology 

and immunohistochemistry (IHC) still represent the reference standard for the 

diagnosis of lymphoma in cats.32,214,228,238 Histological features are used to further 

classify feline lymphomas in subtypes,228,238,239 with enteric T-cell lymphomas and 

diffuse large B cell lymphomas representing the vast majority of tumors.227,239 

In dogs, lymphoma morphotype and immunophenotype has been clearly correlated 

with response to therapy and with the clinical otucome.161,183,217 In this context, B-cell 

lymphomas are most common than T-cell ones, and the incidence of high grade 

cases overwhelms that of low-grade ones.32,217,227  

Conversely, only few studies investigated correlations between lymphoma 

immunophenotype and clinical outcome in cats, reporting a variable prognosis 

according to immunophenotype and other features, mostly depending on the 

anatomical site investigated.68,141,169,179,182,239 Most studies focused on alimentary 

lymphomas, reporting a worse prognosis for large granular lymphomas and B cell 

lymphomas compared to small cell T lymphomas.68,141,169,239 Additionally, a worse 

prognosis was reported in general for high grade lymphomas compared to low grade 

ones.182 

To the best of our knowledge, specific cytologic criteria similar to those described for 

dogs have not been applied to predict immunophenotype of feline nodal lymphomas, 

and no data are available on inter-observer variability in the assessment of 

cytological features in this species. In this context, the aim of this study was to 

evaluate the diagnostic performances of cytology in predicting phenotype of feline 

nodal and mediastinal lymphomas, both in terms of reproducibility and diagnostic 

accuracy. Specifically, reproducibility was assessed by calculating the inter-observer 
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agreement regarding immunophenotype prediction (i.e. B or T) as well as different 

cytological features which might be useful in the diagnosis. Furthermore, diagnostic 

accuracy was calculated for each examiner, using the results of histopathology and 

immunohistochemistry as the reference standard. 

 

MATERIAL AND METHODS 

Case selection 

Databases of the Veterinary Teaching Hospital (University of Milan) and of the 

Department of Comparative Biomedicine and Food Science (University of Padua) 

were retrospectively mined for histopathological samples of feline lymphomas 

collected between January 2010 and January 2019. Other inclusion criteria besides 

definitive diagnosis of nodal or mediastinal lymphoma, were the availability of at least 

one Formalin-Fixed Paraffin-Embedded (FFPE) tissue block of the corresponding 

lesion and the availability of at least one good-quality matching cytological smear. 

The current study included the investigation of mediastinal masses since lymphomas 

in this site may also arise from mediastinal or sternal lymph nodes.62 

For each histology-cytology pair included in the study, signalment information of the 

cats and anatomical location of the investigated lymphomas were recorded. 

 

Immunohistochemistry 

From each FFPE tissue block, at least 5 sections were cut: one was stained with 

Haematoxylin and Eosin (HE) and four sections were used for immunohistochemistry 

(IHC) utilizing primary antibodies directed against the following markers: 

 CD20 - marker of mature B cells (epitope-specific rabbit antibody; Thermo Fisher 

Scientific Inc., Cheshire, UK; diluted 1:800); 

 CD79 – marker of all maturation stages of B cells (monoclonal mouse anti-

human, clone HM57; Dako Atlanta, Georgia, USA; diluted 1:100);  

 CD3 – marker of T cells (mouse monoclonal, clone F7.2.38; Dako, Atlanta, 

Georgia, USA; diluted 1: 100); 
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 CD5 – marker of T cells (monoclonal mouse anti-human, clone SP19; Abcam, 

Cambridge, UK; prediluted - ready to use).  

IHC was performed with an automatic immunostainer (Ventana Benchmark XT; 

Roche-Diagnostics, Monza, Italy). All reagents were dispensed automatically except 

for the primary antibody, which was manually dispensed. 

 

Case evaluation 

The diagnosis of lymphoma was confirmed in all cases by a board-certified 

pathologist (PR) based on routine HE histopathology and results of IHC, according to 

criteria reported in the literature.222–224,228,238,239 IHC was further used to establish the 

immunophenotype of each lymphoma, which was then classified as of B-cell or T-cell 

origin. Those cases for which the immunophenotype could not be determined by IHC, 

were excluded from the study. 

All cytological specimens had been air-dried and manually stained with May-

Grünwald Giemsa (Merck KGaA, Frankfurt, Germany). Cytological samples included 

in the study were blindly evaluated by four cytologists with different experience: a 

board-certified clinical pathologist (evaluator 1), a board-certified pathologist 

(evaluator 3), and their respective Ph.D. students (evaluator 2 and 4, respectively; 

among which was included the Ph.D. candidate). All evaluators were aware of the 

final diagnosis of nodal or mediastinal lymphoma, but not of the subtype nor of the 

immunophenotype of the neoplasms. Before the beginning of the study, the 

evaluators conferred to standardize the description and the corresponding 

categorization of the morphological features that had to be evaluated for each 

cytological specimen. Morphological features evaluated were based on those used to 

evaluate canine lymphomas 70,160 with the addenda of other criteria such as cell 

homogeneity, presence of vacuoles and/or perinuclear halo, and presence of 

accessory non-neoplastic cells (Table 1). Despite the lack of supposed link with 

phenotype, the remaining morphological features were considered in the study since 

they are commonly included in cytological reports in daily laboratory practice.  
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Table 1. Criteria used to describe cytological features of neoplastic cells in 25 samples of feline nodal 

lymphoma. 

Cytological feature Categories 

Cell homogeneity Homogeneous, heterogeneous * 

Cell size Small, medium, large ** 

Cytoplasm  color Slightly basophilic, deeply basophilic 

Vacuoles Present, absent # 

Granules Present, absent # 

Perinuclear halo Present, absent 

Nuclear  shape Round, indented, irregular, convoluted 

Chromatin Homogeneous, partially clumped, clumped 

Nucleolus Visible, not visible 

Number of nucleoli Not determined, single, multiple 

Mitoses (5 HPF) None, 1 to 3, ≥4 

Plasma cells (5 HPF) None, 1 or 2, 3 or 4, ≥5 

Eosinophils (5 HPF) None, 1 or 2, 3 or 4, ≥5 

Macrophages (5 HPF) None, 1 or 2, 3 or 4, ≥5 

Supposed phenotype B, T 

If not differently specified, all the features of the neoplastic cells were considered as present if noted in >50% 

neoplastic cells. Legend: HPF, high power field (i.e. 400x); *, cell homogeneity was defined as homogeneous if 

≥80% cells were neoplastic; **, neoplastic cells were defined as small (nucleus <2 red blood cells), medium 

(nucleus between 2 and 3 red blood cells), or large (nucleus >3 red blood cells); #, vacuoles and granules were 

considered as present if noted in >20% neoplastic cells. 

 

In general, according to current literature,165 deeply bluish cytoplasm, perinuclear 

halo and round nucleus with visible nucleoli were considered as hints of B-cell 

phenotype, whereas slightly basophilic cytoplasm, cytoplasmic granules, indented, 

convoluted or irregular nucleus without nucleoli, and the presence of high numbers of 

plasma cells and eosinophils were considered as hints of T-cell phenotype. In those 

cases in which hints of both B-cell and T-cell phenotype were present, each 

evaluator was left free to decide upon the supposed phenotype  on the basis of the 

current literature and of her/his own experience. Examples of morphological features 

evaluated in the current study according to the consensus reached by the evaluators 

before the beginning of the study, are illustrated in Figure 1.  
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Figure 1. Cytological smears of feline nodal and mediastinal lymphomas.

 

A) T-cell lymphoma. Homogeneous cell population composed by small (black circle) to medium (white circle) 

neoplastic cells, characterized by round (black arrow) to indented (white arrow) nucleus with homogeneous (black 

arrowhead) or partially clumped (white arrowhead) chromatin. May-Grünwald Giemsa (MGG). Bar, 50 μm. B) T-

cell lymphoma. Homogeneous cell population composed by small to medium neoplastic cells, characterized by 

abundant slightly basophilic cytoplasm with variably abundant intracytoplasmic magenta granules (black circle), 

and partially clumped (black arrowhead) or clumped (white arrowhead) chromatin. MGG. Bar, 50 μm. C) B-cell 

lymphoma. Heterogeneous cell population including large neoplastic cells characterized by an irregular (black 

arrow) or convoluted nucleus (white arrow) containing prominent nucleolus (black arrohead). MGG. Bar, 33.5 μm. 

D) B-cell lymphoma. Heterogeneous cell population including medium to large neoplastic cells characterized by 

scant to moderately abundant, deeply basophilic cytoplasm (black arrow), perinuclear halo (black arrowhead), 

and intracytoplasmic clear vacuoles (white arrowhead). MGG. Bar, 33.5 μm. 

 

Statistical analysis 

Overall inter-observer agreement among the 4 evaluators for immunophenotype 

prediction and for each morphological feature evaluated (Table 1) was investigated 

calcualting free-marginal kappa coefficient using an online calculator 

(http://justusrandolph.net/kappa/). Kappa coefficients were interpreted according to 

http://justusrandolph.net/kappa/
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literature 107 as follows: ≤0, no agreement; >0.00 and ≤0.20, slight agreement; ≥0.21 

and ≤0.40, fair agreement; ≤0.41 and ≥0.60, moderate agreement; ≥0.61 and ≤0.80, 

substantial agreement; ≥0.81 and ≤1.00, almost perfect agreement. 

Considered that the different level of expertise of the evaluators might have 

influenced our results, the agreement between the two board-certified evaluators, 

between the two PhD students, and between each board-certified evaluator and the 

respective PhD student, was investigated calculating Cohen’s Kappa coefficient with 

an online calculator (https://www.graphpad.com/quickcalcs/kappa1/). Pairwise 

agreement was investigated exclusively calculating Cohen’s kappa (and not weighted 

kappa where applicable) to allow comparison of results for each morphological 

feature. Cohen’s kappa coefficients were interpreted as described above.  

Finally, the level of accuracy of each evaluator in immunophenotype prediction was 

investigated. Overall accuracy in correctly predicting lymphoma immunophenotype 

was calculated as follows: (number of correctly identified cases / total number of 

cases) * 100. Additionally, for each evaluator specific accuracy in diagnosing B-cell 

or T-cell lymphoma (i.e. sensitivity) was calculated as follows: [number of correctly 

identified (B cell OR T cell) cases / total number of (B cell OR T cell) cases) * 100. 

For overall accuracy and sensitivity values, 95% confidence intervals were calculated 

with an online software (https://www.medcalc.org/calc/diagnostic_test.php).  

 

RESULTS 

Included animals and tumors 

Among cases retrieved from the archives, 36 were considered as eligible in the 

study. Among eligible cases, 5 were further excluded because at least one evaluator 

considered insufficient the quality of the cytological specimen. Additional 6 cases 

were excluded because the immunophenotype could not be determined based on 

IHC results (due to poor fixation and conservation of FFPE samples) or because the 

original diagnosis of lymphoma was reformulated as lymphoid hyperplasia. 

Therefore, 25 samples of nodal and mediastinal lymphomas were finally enrolled in 

the study. Location of lymphomas investigated in the current study, as well as 

https://www.graphpad.com/quickcalcs/kappa1/
https://www.medcalc.org/calc/diagnostic_test.php
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signalment information of cats from which they were obtained, are reported in Table 

2.  

Table 2. Signalment information of cats, and antomical location and immunophenotype of lymphomas 

investigated. 

Case ID Breed Sex Age Anatomical location IHC 

1 ND ND ND Mesenteric LN B 

2 ND ND ND Mesenteric LN B 

3 ND ND ND Mesenteric LN B 

4 ND ND ND Abdominal LN B 

5 DSH M 11 yy L Retromandibular LN B 

6 Chartreux NM 3 yy R Retromandibular LN B 

7 Siamese NF 9 yy Submandibular LN B 

8 DSH NM 12 yy Popliteal LN B 

9 DSH NF 11 yy 
Multicentric  

(mesenteric and mediastinal LNs) 
B 

10 ND ND ND LN NOS B 

11 ND ND ND LN NOS B 

12 ND ND ND LN NOS B 

13 ND M 16 yy LN NOS B 

14 DSH NF 16 yy L Retromandibular LN T 

15 DSH NF 11 yy Mesenteric LN T 

16 DSH NM 13 yy Mesenteric LN T 

17 DSH NM 11 yy Mesenteric LN T 

18 ND ND ND Mesenteric LN T 

19 ND ND ND Mesenteric LN T 

20 DSH M 10 mm Mediastinal mass T 

21 DSH NF 2 yy L Axillary LN T 

22 Maine Coon NF 11 yy Prescapular LN T 

23 DSH M 10 yy Popliteal LN T 

24 DSH NM ND 
Multicentric  

(mesenteric and mediastinal LNs) 
T 

25 ND ND ND LN NOS T 

Legend: DSH, Domestic Shorthair; L, left; LN, lymph node; M, intact male; mm, months; ND, not determined/not 

available; NF, neutered female; NM, neutered male; NOS, lymph node not otherwise specified; R, right; yy, years.  

Most cats were Domestic Shorthair (11), other breeds represented by a single patient 

each were Chartreux, Maine Coon, and Siamese; breed was not available in 11 

cases. Six (6) cats were neutered females, 5 neutered males, and 4 intact males; sex 

was not available for 10 patients.   Mean age was 9.77 years (range: 10 months – 16 

years; age not available for 11 cats). Most lymphomas were located in mesenteric or 

abdominal LNs (9), 5 in LNs not otherwise specified, 4 in retromandibular or 
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submandibular LNs, 2 in popliteal LNs, 2 were multicentric lymphomas 

simultaneously involving LNs of the abdominal and thoracic cavity, 2 involved an 

axillary and a prescapular LN each, and 1 lymphoma was identified as a mediastinal 

mass. The 25 lymphomas investigated in the current study were classified by means 

of histology and IHC as 13 (52%) of B-cell and 12 (48%) of T-cell origin. 

 

Interrater agreement investigations 

Cross tabulation of the results reported by each evaluator for each feature evaluated, 

by the results of the reference standard, are available upon request.  

The results of the analysis of the overall inter-observer agreement on the 

morphological features of the 25 cases enrolled in the study are listed in Table 3.  

Table 3. Inter-observer agreement among four evaluators in the assessment of cytological features of 25 

samples of feline nodal lymphoma. 

Cytological feature Free-marginal Fleiss’ kappa* (95% CI) 

Supposed immunophenotype -0.04 (-0.21-0.13) 

Cell homogeneity 0.44 (0.24-0.64) 

Cell size 0.23 (0.08-0.38) 

Cytoplasm color 0.39 (0.15-0.63) 

Vacuoles 0.87 (0.72-1.00) 

Granules 0.91 (0.78-1.00) 

Perinuclear halo 0.12 (-0.06-0.30) 

Nuclear shape 0.41 (0.24-0.59) 

Chromatin 0.14 (0.01-0.27) 

Nucleolus 0.25 (0.06-0.46) 

Number of nucleoli 0.24 (0.07-0.41) 

Mitoses (5 HPF) 0.31 (0.12-0.50) 

Plasma cells (5 HPF) 0.45 (0.29-0.61) 

Eosinophils (5 HPF) 0.64 (0.49-0.80) 

Macrophages (5 HPF) 0.37 (0.19-0.54) 
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* The coefficients were interpreted according to Landis and Koch (Landis and Koch, 1977):  ≤0, no agreement; 

>0.00 and ≤0.20, slight agreement; ≥0.21 and ≤0.40, fair agreement; ≤0.41 and ≥0.60, moderate agreement; 

≥0.61 and ≤0.80, substantial agreement; ≥0.81 and ≤1.00, almost perfect agreement. Highlighted in grey, those 

parameters for which agreement was judged as lacking or slight. Highlighted in yellow, those parameters for 

which agreement was judged as substantial or almost perfect. Not highlighted, those parameters for which 

agreement was judged as fair or moderate. HPF, high power filed (i.e. 400x). 

No agreement among the 4 evaluators was observed when considering supposed 

immunophenotype. Excluding the latter, the level of agreement was fair to moderate 

for more than a half of parameters considered (9 out of 14, 64.29%), whereas it was 

almost perfect for the presence of cytoplasmic granules and vacuoles , substantial for 

the number of eosinophils, and only slight for the presence of a perinuclear halo and 

for the chromatin pattern.  

Results of pairwise inter-rater agreement evluation between the evaluators are 

shown in Table 4. In general, the level of agreement largely varied among 

comparisons, being most commonly slight or fair, with the supposed 

immunphenotype always ranging between no and slight agreement. Specifically, 

when considering the two board-certified evaluators, only a slight to fair agreement 

was found for almost all the parameters considered excluding supposed 

immunophenotype (12 out of 14, 85.71%), whereas the agreement was almost 

perfect for the presence or absence of cytoplasmic vacuoles. Similar results were 

obtained when evaluating the agreement between the two PhD students (10 out of 

14 parameters with slight to fair agreement, 71.43%), and between evaluator 1 and 

the corresponding PhD student (11 out of 14 parameters, 78.57%). Conversely, 

better agreement was obtained when comparing evaluator 3 and the corresponding 

PhD student, with a moderate to substantial agreement in 10 out of 14 features 

(71.43%). No agreement for the presence or absence of cytoplasmic granules was 

constantly observed for all the paired contrasts investigated.  
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Table 4. Inter-observer agreement among four evaluators in the assessment of cytological features of 25 samples of feline nodal lymphoma, paired contrasts.  

Cytological feature 

Cohen’s kappa (95% CI) 

Evaluator 1 versus evaluator 

3 

(comparison between 

diplomates) 

Evaluator 2 versus evaluator 4 

(comparison between Ph.D. 

students) 

Evaluator 1 versus evaluator 2 

(diplomate – Ph.D. student 

comparison) 

Evaluator 3 versus evaluator 

4 

(diplomate – Ph.D. student 

comparison) 

Supposed immunophenotype 0.030 (-0.258-0.318) -0.066 (-0.454-0.323) 0.098 (-0.292-0.489) 0.179 (-0.097-0.455) 

Cell homogeneity 0.138 (-0.185-0.460) 0.762 (0.516-1.000) 0.603 (0.301-0.906) 0.295 (-0.015-0.604) 

Cell size 0.318 (0.066-0.571) 0.062 (-0.139-0.262) 0.293 (0.085-0.502) 0.536 (0.238-0.833) 

Cytoplasm color 0.247 (-0.126-0.621) 0.277 (-0.100-0.653) 0.351 (0.001-0.700) 0.675 (0.384-0.967) 

Vacuoles 0.816 (0.572-1.000) 0.818 (0.579-1.000) 0.911 (0.741-1.000) 0.715 (0.415-1.000) 

Granules 0.000 (0.000-0.000) -0.042 (-0.099-0.016) 0.000 (0.000-0.000) -0.042 (-0.099-0.016) 

Perinuclear halo 0.000 (0.000-0.000) 0.024 (-0.171-0.220) 0.186 (-0.244-0.616) 0.000 (0.000-0.000) 

Nuclear shape 0.284 (0.004-0.564) 0.178 (-0.039-0.395) 0.154 (-0.111-0.418) 0.541 (0.271-0.810) 

Chromatin 0.107 (-0.172-0.380) -0.166 (-0.401-0.070) 0.333 (0.033-0.632) 0.447 (0.162-0.732) 

Nucleolus 0.169 (-0.140-0.479) 0.302 (0.062-0.542) 0.149 (-0.206-0.503) 0.661 (0.319-1.000) 

Number of nucleoli 0.121 (-0.151-0.394) 0.175 (-0.012-0.363) 0.032 (-0.145-0.209) 0.459 (0.133-0.785) 

Mitoses (5 HPF) 0.191 (-0.101-0.483) 0.072 (-0.201-0.345) 0.483 (0.612-0.804) 0.192 (-0.081-0.464) 

Plasma cells (5 HPF) 0.291 (0.050-0.531) 0.349 (0.112-0.586) 0.336 (0.086-0.587) 0.490 (0.238-0.742) 

Eosinophils (5 HPF) 0.120 (-0.077-0.317) 0.353 (0.002-0.703) 0.052 (-0.052-0.157) 0.557 (0.255-0.859) 
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Evaluators 1 and 3 were board-certified; evaluators 2 and 4 were their respective PhD students. * The coefficients were interpreted according to Landis and Koch (Landis and 

Koch, 1977):  ≤0, no agreement; >0.00 and ≤0.20, slight agreement; ≥0.21 and ≤0.40, fair agreement; ≤0.41 and ≥0.60, moderate agreement; ≥0.61 and ≤0.80, substantial 

agreement; ≥0.81 and ≤1.00, almost perfect agreement. Highlighted in grey, those parameters for which no agreement was observed. Highlighted in light blue, those parameter 

for which agreement was judged as moderate. Highlighted in yellow, those parameters for which agreement was judged as substantial or almost perfect. Not highlighted, those 

parameters for which agreement was judged as slight or fair. HPF, high power filed (i.e. 400x).

Macrophages (5 HPF) 0.230 (-0.094-0.555) 0.366 (0.117-0.616) 0.003 (-0.288-0.295) 0.633 (0.391-0.876) 
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Diagnostic accuracy in immunophenotype prediction 

Overall accuracy for prediction of immunophenotype and sensitivity in diagnosing B-

cell and T-cell lymphomas for each evaluator are reported in Table 5.  

Table 5. Overall accuracy ans sensitivity for B-cell and T-cell lymphomas for four evaluators in the 

assessment of 25 samples of feline nodal lymphomas. 

Evaluator 

Overall accuracy for 

immunophenotype prediction 

(95% CI) 

Sensitivity for B-cell 

lymphomas 

(95% CI) 

Sensitivity for T-cell 

lymphomas 

(95% CI) 

Evaluator 1 (ECVCP-

diplomate) 

36% 

(17.97-57.48) 

30.77% 

(9.09-61.43) 

41.67% 

(15.17-72.33) 

Evaluator 2 (Ph.D. student 

of Evaluator 1) 

56% 

(34.93-75.60) 

46.15% 

(19.22-74.87) 

66.67% 

(34.89-90.08) 

Evaluator 3 (ECVP-

diplomate) 

64% 

(42.52-82.03) 

92.31% 

(63.97-99.81) 

33.33% 

(9.92-65.11) 

Evaluator 4 (Ph.D. student 

of Evaluator 2) 

76% 

(54.87-90.64) 

69.23% 

(38.57-90.91) 

83.33% 

(51.59-97.91) 

Overall accuracy in correctly predicting lymphoma immunophenotype was calculated as: (number of correctly 

identified cases / total number of cases) * 100. Sensitivity in diagnosing B-cell or T-cell lymphoma was calculated 

as: [number of correctly identified (B cell OR T cell) cases / total number of (B cell OR T cell) cases) * 100. 

Highlighted in grey, the lowest value for each index. Highlighted in yellow, the highest value for each parameter. 

95% CI, 95% confidence interval.  

Results among evaluators were highly discrepant. Specifically, overall accuracy in 

correctly predicting the immunophenotype ranged from 36% to 76%. Sensitivity in 

diagnosing B cell lymphomas ranged from 30.77% to 92.31%. Finally, sensitivity in 

diagnosing T cell lymphomas ranged frm 33.33% to 83.33%. Unexpectedly, all the 

lowest values were reported for the 2 diplomates, while 2 out of the 3 highest values 

were reported for one of the Ph.D. students.  

 

DISCUSSION 

The current study investigated reproducibility among 4 evaluators and diagnostic 

accuracy of cytology in immunophenotype prediction of feline nodal and mediastinal 

lymphomas, revealing no agreement among cytologists and highly variable results of 

overall accuracy. 
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High levels of agreement were detected among the 4 evaluators exclusively when 

considering the number of eosinophils, and the presence or absence of cytoplasmic 

granules and vacuoles. Results regarding eosinophils and cytoplasmic granules were 

likely affected by the low prevalence of samples with these features. Indeed, 

eosinophils were detected in high numbers (≥3 in 5 HPF) only in 2 (8%) samples by 

three evaluators each. Similarly, granules were detected only in 2 (8%) samples (1 

by 2 evaluators, and the other one by a single evaluator). This latter observation was 

further supported by the results of paired contrasts, which highlighted a constant lack 

of agreement for the presence or absence of granules. In this regards, it is 

noteworthy that evaluators 1 and 3 did not report in any case the presence of 

granules or perinuclear halo, respectively. This likely affected the results of the 

comparison with other evaluators concerning these features. In addition, the 

apparent discrepancy between Fleiss’ k coefficient and Cohen’s k coefficients 

concerning the presence of granules, might rely on the fact that the latter analysis 

was not performed for all the possible pairings of evaluators (specifically, both 

evaluator 2 and evaluator 3 reported the presence of granules in the same sample), 

as well as on statistical limits implicit in each of these two statistical tests.  

Conversely, the almost perfect inter-observer agreement for the presence or absence 

of cytoplasmic vacuoles among the 4 evaluators was mirrored by the results of paired 

contrasts, which revealed a substantial to almost pefect agreement among all the 

pairings investigated. This observation might be the consequence that vacuoles were 

detected in 9 (36%) samples, and specifically in 6 cases by all 4 evaluators, in cases 

2 by 3 evaluators, and 1 case by 2 evaluators. Interestingly, B-cell lymphomas were 

over-represented in the subset of samples for which cytoplasmic vacuoles were 

reported by the evaluators (7 cases out of 9, 78%). This finding might suggest the 

presence of cytoplasmic vacuoles as a feature with a possible role in the prediction of 

immunophenotype. Nonetheless, further studies on a larger scale are warranted to 

confirm this hypothesis. 

The low kappa values obtained in paired contrasts between the board-certified 

evaluators and between the PhD students suggest that experience might not be not a 

leading factor influencing inter-observer agreement. Conversely, teaching centre 
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seems to be a major influencing factor. Indeed, higher kappa values were obtained 

between each board-certified evaluator and the respective PhD student rather than 

between the two board-certified evaluators and between the two Ph.D. students.  

The causes for the low agreement values found among the observers need futher 

elucidations. It should be remembered that all the evaluators reached an initial 

consensus regarding cut off values to define each morphological feature trying to 

avoid as possible confounding factors correlated with their variable experience in 

hemato-oncology. In this context, one possible explanation for our results might lie in 

the fact that samples from feline lymphomas are often composed by heterogeneous 

populations of cells. Therefore, the choice of different microscopic areas during the 

evaluation by each evaluator could have strongly biased the results. This further 

underlines that cytology alone should be taken with caution to predict feline 

lymphoma immunophenotype and that laboratory testing remain mandatory for a 

correct final immunophenotyping.32    

Our results suggest that the overall accuracy of immunophenotype prediction might 

be evaluator-dependent, varying from less than 40% to more than 75%. This 

observation is further supported by the highly discrepant results among evaluators 

when sensitivity was specifically calculated for the diagnosis of B-cell and T-cell 

lymphomas. Although infered from a very small caseload, these considerations 

highlight that the morphological features generally used in the dog for tentative 

immunophenotype prediction do not apply to feline nodal lymphoma, even if 

amended and implemented with additional criteria. Interestingly, an unexpected 

finding was that PhD students had a higher accuracy in immunophenotype prediction 

than their respective tutors. Young cytologists may be more prone to absorb 

knowledge from different schools, limiting in this way the bias determined by their 

limited experience. Furthermore, evaluators with a longer experience might have 

been biased by their former evaluation habits, despite the inclusion of an initial phase 

aiming to create a consesus regarding cut off values to define each morphological 

feature. Our results might be further influenced by the diffuse practice of not 

expressing a presumptive immunophenotype for feline lymphomas during routine 

cytological evaluation. This might have levelled the differences in the degree of 
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experience among the evaluators concerning this specific task. Anyway, the 

discrepant overall accuracy values in association with the unsatisfactory degree of 

interrater agreement observed, suggest that the morphological evaluation of nodal 

and mediastinal lymphomas in cats might not be useful at all in predicting B or T cell 

immunophentoype. Therefore, we highly recommend to apply immunophenotyping 

techniques such as immunohistochemistry or flow cytometry to define the 

immunophenotype of feline lymphomas. This is considered mandatory even for 

canine lymphomas,32 although inter-observer agreement in dogs is higher than that 

observed in the current study.208 

The major limitation of the current study was the low number of cases fulfilling the 

strict inclusion criteria and thus included in the investigations, which likely derived 

from the low prevalence of nodal lymphomas in cats, and from the lack of a 

consistent diagnostic approach for feline lymphoma which might have biased our 

retrieval rate from the archives. Another pitfall was the lack of intra-observer 

agreement evaluation, differently from previous studies regarding dog lymphomas.208 

Finally, the study was not conducted according to Standard Guidelines for Reporting 

of Diagnostic Accuracy Studies (STARD).27 Nevertheless, all items reported in 

STARD guidelines were applied in our work except for two regarding case selection 

(item 9 and item 19) and two regarding clinical implications in involved patients (item 

22 and item 25).27 

In conclusion, a high inter-observer variability may affect the evaluation of 

morphological features of feline nodal lymphomas, thus preventing comparison of 

results among laboratories and even among different cytologists within the same 

laboratory. This variability might be even higher in a diagnostic routine setting, 

considered that in the current study the evaluators conferred before the beginning of 

the study to standardize the morphological criteria used to describe the cells, 

possibly enhancing the level of agreement. Also, including possible differential with 

non-lymphomatous lesions would likely result in lower agreement among evaluators, 

whereas in this study we only included samples with a final diagnosis of lymphoma. 

Our results confirm the limitations of cytology in the immunophenotyping of feline 

lymphoma and the mandatory need of histopathology and IHC as well as of 
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laboratory testing such as flow cytometry and PCR for antigen receptor 

rearrangements (PARR) for a correct interpretation of the immunophenotype.14,32,85 

Additionally, our observations should push veterinarians toward discussion and 

creation of a shared definition and classification of feline nodal lymphomas from a 

cytological point of view, which is currently lacking differently from what is reported 

for dogs. 
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CHAPTER 3 - APPLICATION OF CYTOLOGY IN 
THE EVALUATION OF NODAL METASTASIS IN 
CANINE MAST CELL TUMOR 

 

SCIENTIFIC PRODUCTION OF THE PH.D. CANDIDATE IN THE FIELD 

The results of preliminary investigations on cytological quantification of nodal mast 

cells in lymph nodes obtained from both dogs affected by non neoplastic pathological 

conditions and mast cell tumor-bearing dogs (Section 1) have been presented as an 

oral communication at the Joint Congress ECVP-ESVP-ECVCP-ESVCP at Burgers’ 

Zoom in Arnhem, The Netherlands (25-28/09/2019):  

 Gambini M, Buzzi G, Recordati C, Caniatti M, Giudice C, Pigoli C, Tecilla M. 

“Should I spend my time counting mast cells?” - preliminary results concerning 

mast cell quantification in cytological specimens for the evaluation of nodal 

metastasis in mast cell tumor-bearing dogs. Joint Congress ECVP-ESVP-

ECVCP-ESVCP – Burgers’ Zoom, Arnhem, The Netherlands -  25-28/09/2019. 

(abstract available at the following link: 

https://onlinelibrary.wiley.com/doi/abs/10.1111/vcp.12798)  

The results of the same work will be soon submitted as a “Short Paper” to the 

“Journal of Comparative Pathology” for consideration of suitability for publication.  

The results of the study focused on investigation of the interrater agreement and 

diagnostic accuracy of cytology for the evaluation of lymph nodes obtained from mast 

cell tumor-bearing dogs (Section 2) will be soon submitted as an “Original Research” 

to the journal “Veterinary and Comparative Oncology” for consideration of suitability 

for publication. 

 

INTRODUCTION 

Among canine round cell neoplasms, mast cell tumor (MCT) has a predominant role 

being the most common cutaneous neoplasm in dogs and representing around 20% 

of all canine skin neoplasms.22,112,143,196,231 MCTs are neoplastic proliferations of mast 

https://onlinelibrary.wiley.com/doi/abs/10.1111/vcp.12798
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cells (MCs),22,112 which are mainly known as some of the first responders to harmful 

situations for the organism, as well as for their key role in allergic reactions.192 

Nonetheless, the etiology of MCT is still unknown.22,231 

Although the mean age of MCT-bearing dogs is 8-9 years, this tumor can be found 

also in younger animals.112,231 Breed predisposition has been reported for Boxer, 

Boston Terrier, English Bulldog, Pug dog, Labrador Retriever, Golden Retriever, 

Cocker Spaniel, Schnauzer, Staffordshire Terrier, Beagle, Rhodesian Ridgeback, 

Weimaraner, Shar-pei, French Bulldog, and American Pit Bull Terrier.53,112 On the 

other hand, sex seems not to be relevant for MCT incidence,112,231 although neutering 

might represent a predisposing factor.158 

MCT generally occur within skin or subcutis, with cutaneous tumors involving trunk 

and perineal region in 50% cases, hindlimb in 40% cases, and head and neck in the 

remaining cases.112 Atypical sites of MCT occurrence include conjunctiva, salivary 

glands, rhinopharynx, larynx, oral cavity, ureter, and vertebral column.59,93,112 The 

vast majority of affected dogs carry a single MCT, although 11-20% animals is 

characterized by simultaneous, multiple de novo tumors which need to be 

distinguished from locally-recurrent tumors or poorly-differentiated MCTs with 

satellite nodules.22,112 

Macroscopic appearance of cutaneous MCT is highly variable, somehow mirroring 

Patnaik histopathological grading system.22,112,153 Well-differentiated MCTs are 

generally single and characterized by slow growth, small size, and non-ulcerated, 

occasionally alopecic skin.22,112,231 Poorly-differentiated MCTs have faster growth and 

increased size, are frequently ulcerated and itchy, and could give rise to satellite 

lesions in surrounding skin.22,112 Subcutaneous MCT can range from solid masses to 

diffuse, ill-demarcated neoplasms, and thus might be misdiagnosed as lipomas at 

clinical inspection.22,231 Visceral form of MCT has also been reported, being known as 

“disseminated mastocitosis” or “systemic mastocitosis”.22,112 Nontheless, the latter 

condition is generally preceded by cutaneous or subcutaneous, biologically-

aggressive MCTs,112 although it can also occur independently from the presence of 

skin MCT.205 
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MCT biological behavior is extremely variable, ranging from cases that can be 

resolved with a simple surgical excision to others that are characterized by local 

recurrence and/or nodal and eventual distant metastasis.22,94,112,196,231 Nonetheless, it 

is noteworthy that the two described above are just the extremes of a continuum of 

biological behaviors that characterize MCT.112 Metastases are most frequently seen 

to the skin surrounding the primary mass and to the regional lymph node (RLN; i.e. 

the lymph node (LN) which is supposed to drain a regional lymphatic basin, and 

generally the closest to the primary mass), and can be followed by spreading to 

spleen, liver and bone marrow.22,112,117,119,120,145,231,240  

Several attempts have been tried to find out specific features able to independently 

predict the biological behavior of canine MCTs.22,94 The literature reports several 

factors that can influence MCT prognosis, with the latter defined as an increased risk 

of developing metastasis and subsequent negative effects on the survival 

time.22,94,117,156,159,196 These prognostic factors include: 

 clinical features, such as clinical stage, 22,59,93–95,104,108,112,117,145,158,201,230,240 

surgical excision margins,34,56,94,112,131,144,159 breed,53,158 anatomic location,22 

clinical signs (including tumor size, fast growth, local irritation and inflammation 

such as “Darier’s sign”, local infiltration and demarcation from adjacent tissues, 

ulceration, presence of satellite nodules or paraneoplastic signs),22,142 and clincial 

presentation (i.e. history of tumor recurrence);22,94,159,162 

 histological features, including classification according to the 3-tier Patnaik 

grading system (grades 1, 2, and 3)153 and to the 2-tier Kiupel grading system 

(low and high grade)103 for cutaneous MCT, presence of specific histological 

characteristics as reported by Thompson et al. for subcutaneous MCT,210 and 

mitotic index;60,171 

 histochemical and immunohistochemical markers including Ki-67, expression 

pattern of KIT receptor (CD117), and expression of argyrophilic nucleolar 

organizing regions (AgNORs);22,94,105,162 

 molecular features, such as c-KIT oncogen mutations status (including internal 

tandem duplications in exons 8, 9 and 11).22,94 
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Despite the availability of such a high number of prognostic factors, small animal 

clinicians still have to clash with a challenging decision-making in daily management 

of canine MCT, including the limitations to treatment imposed by costs that owners 

could not afford.94,131,196,231 Indeed, none of the aforementioned prognostic factors is 

completely predicitive per se of MCT biological behavior. 112,196 Additionally, several 

therapeutic options are available, ranging from simple surgical excision (i.e. the most 

commonly performed treatment, especially for localized non-metastatic MCTs) to 

combinations of the latter with local adjuvant radiotherapy, and/or systemic 

chemotherapy or administration of tyrosine kinase inhibitors (TKI).5,22,38,120,159,196 With 

this in mind, the best therapeutic approach should be established on a case-by-case 

basis, according to all the prognostic information which are available at that 

moment.22,120,196 

Complementary to the application of histological and eventual cytological 

grading,34,90,103,153,184,196 clinical staging (i.e. the process applied to deeply define the 

nature and the extent of a neoplastic disease)22,231 has a key role in treatment 

planning for canine MCTs.5,22,104,108,112,117,145,196,201,230,240 The staging system currently 

used for canine MCT is the one proposed by World Health Organization (WHO) in 

1980.150 This system is based on a TNM (i.e. Tumor, Node, Metastasis) scheme and 

is divided in 4 cathegories: 

 I stage: single MCT confined to the dermis, without involvement of the RLN and 

further distinguished in: 

o Ia: absence of clinical signs; 

o Ib: presence of clinical signs; 

 II stage: single MCT confined to the dermis, with involvement of the RLN and 

further distinguished in: 

o IIa: absence of clinical signs; 

o IIb: presence of clinical signs; 
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 III stage: multiple cutaneous MCTs or single, large, infiltrating MCT, with or 

without involvement of the RLN and further distinguished in: 

o IIIa: absence of clinical signs; 

o IIIb: presence of clinical signs; 

 IV stage: any primary or recurrent MCT with distant metastasis (including blood 

and/or bone marrow involvement). 

After the observation that the presence of multiple MCTs is not systematically 

correlated with a worse clinical outcome,22,94,142,185,231 the original WHO staging 

system proposed in 1980 150 has been questioned and amended by some 

authors.94,104 Nonetheless, in current literature the terminology “stage II” is still used 

to indicate the presence of a MCT with confirmed LN metastasis.65,104,105,119,159,196,201 

Although the extent of appropriate staging should be decided on a case-by-case 

basis, the RLN should always be checked for metastatic status (i.e. the presence or 

the absence of MCT metastasis).22,104,108,159,196,230,234 Indeed, despite some 

contrasting reports, the presence of LN metastasis is nowadays generally recognized 

as a negative prognostic factor.5,6,59,93,95,104,117,119,145,159,185,196,234 Specifically, surgical 

extirpation or local radiotherapy applied to metastatic LNs have been correlated to an 

improved clinical outcome 5,6,38,65,95,119,120,129 which could be the consequence of 

tumor burden reduction through the elimination of the LN as a reservoir for MC 

proliferation and/or spreading.6,119 Additionally, considered the general assumption 

that MCT metastasize to the RLN before spreading towards distant locations or 

visceral organs,22,112,117,145,231,240 the absence or presence of local LN infiltration by 

neoplastic MCs have been proposed as one of the criteria to stop or proceed with 

further staging, respectively.22,196,230 The latter include radiographic and ultrasound 

investigations as well as cytological evaluation of blood smears and liver and spleen 

fine needle aspirates (FNAs).67,156,159,196,200 

Excisional biopsy and histological evaluation of the entire LN is still considered the 

reference test (i.e. the gold standard) to evaluate nodal metastatic status in canine 

MCT.6,71,104,108,119,145,150 In 2014, Weishaar et al.234 proposed a novel classification 
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system to standardize histological evaluation and interpretation of LN metastasis in 

canine MCT. The system is based on 4 classes (HN0, HN1, HN2, and HN3) as 

showed in Table 1 which reports also the corresponding histopathological criteria and 

proposed interpretations.  

Tab.1. Classes, histopathological criteria and corresponding proposed interpretation as reccommended 

by Weishaar et al. for histological classification of LN metastasis in canine MCT. 

Legend: HPF, high power field (i.e. x400); MC, mast cell. Table adapted from Weishaar et al.234 

Although the system by Weishaar et al. provided standard criteria for the 

uniformation of histopathological evaluation and showed to be significantly correlated 

with clinical outcome,196,234 it is still affected by some limitations. Firstly, no guidelines 

were provided attempting to standardize the trimming of LN biopsies. Indeed, as 

reported by Herring et al.92 in a study regarding maxillo-facial neoplasms other than 

MCT in dogs and cats, the histological examination of serial sections may improve 

sensitivity in detecting micrometastasis. Nonetheless, a recent study 66 suggested a 

protocol for serial sectioning at regular intervals (1.5 mm) of LNs from MCT-bearing 

dogs, although another study questioned that a similar approach might only arbitrarily 

allow the detection of individual MCs or arranged in small clusters.120 Secondly, the 

criteria proposed by Weishaar et al. might still suffer from a certain degree of 

subjectvity in the evaluation (e.g. it is not reported how the detection of numerous 

couples of MCs should be interpreted),120,234 thus requiring further sudies on 

interobserver agreement which have not been perfomed up to date. Additionally, as 

highlighted by the same Authors,234 the system does not take into account the 

different microanatomical location (i.e. sinuses or parenchima) of MCs within the LN, 

Class Histopathological criteria 
Proposed 

interpretation 

HN0 
0-3 discrete (isolated) MCs within sinuses (subcapsular, paracortical, 

or medullary) and/or parenchima per HPF 
Non metastatic 

HN1 
>3  discrete (isolated) MCs within sinuses (subcapsular, paracortical, 

or medullary) and/or parenchima in at least 4 HPF 
Pre metastatic 

HN2 

MC aggregates/clusters (≥3 associated MCs)  within sinuses 

(subcapsular, paracortical, or medullary) and/or parenchima, or 

sheets of MCs within sinuses 

Early metastatic 

HN3 
Discrete foci, nodules, sheets, or overt masses composed of MCs, 

disrupting or effacing the normal nodal architecture 
Overtly metastatic 



60 
 

voiding the potential differences in biological behavior of MCs corresponding to 

different anatomical distribution. Furthermore, the lack of systematical evaluation of 

toluidine blue- or Giemsa-stained slides besides routine hematoxyllin and eosin, 

might have negatively influenced MC quantification.174 Finally, as highlighted by the 

same Weishaar et al. and by successive investigators,120,196,234 the validity of the 

interpretation provided for each class better represents certain histopathological 

features correlating with clinical outcome rather than a true progression trough the 

metastatic process. Therefore, future prospective studies with more accurate 

inclusion criteria including standardization of treatment protocols and follow-up 

procedures, and a larger number of cases better distributed among the 4 HN classes, 

are warranted.234 Despite all the aforementioned issues, the histopathological system 

by Weishaar et al. is still diffusely accepted and used.66,71,73,106,119,120,174,204  

Some recent studies suggested that the surgical extirpation of the RLN followed by 

histological examination is always useful due to lacking association between the LN 

size or its clinical status (i.e. non-palpable/normal-sized versus palpable/clinically 

enlarged) and the actual presence of metastasis.6,65,66,108,145 Nonetheless, the 

evaluation of LN metastatic status prior to surgical extirpation continues to cover a 

key role in surgical treatment planning.6,117,119,196,231  Indeed, LN extirpation is an 

invasive procedure which may not be feasible in all patients due to costs or adverse 

effects associated with surgery (such as the extension of anesthesia 

time).66,73,108,145,213 The utility of needle core biopsy (NCB) in pre-surgical evaluation 

of canine and feline LNs was characterized by a low sensitivity, and with remarkable 

difficulties and potential side-effects correlated with the execution of this sampling 

technique.108 Considered the above, the assessment of nodal MCT metastasis is 

firstly performed usually via cytological examination of FNA 

samples.6,71,104,105,108,145,156,196,240 The use of this sampling technique is further 

supported by its low cost, safety, rapidity and feasibility also in first opinion 

practice.71,106,112,117,145,189,235  

Despite the key role covered by cytology in the evaluation of LN metastatic status in 

MCT-bearing dogs, the evaluation and interpretation of these kind of cytological 

samples is still a nebulous and controversial subject.145,196 Indeed, literature has 
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always been extremely fragmentary and reported highly variable, frequently 

subjective, and non-specific cytological criteria. These criteria mainly included 

semiquantitative estimates of individualized or aggregated 

MCs,6,33,77,108,117,130,135,201,209,230 with occasional reference to morphometric cellular 

features.117 This fragmentation led to diffuse lack of consistency and reproducibility of 

the data regarding the interpretation of LN involvement through cytology in canine 

MCT.104,117 Therefore, in 2009 Krick et al.104 proposed a cytological interpretative 

system for the evaluation of LN metastatic status in canine MCT, reporting quite 

codified cytological criteria and 5 proposed interpretation (normal, reactive lymphoid 

hyperplasia, possible metastasis, probable metastasis, and certain metastasis) as 

showed in Table 2.  

Tab.2. Cytological criteria and corresponding proposed interpretation as reccommended by Krick et al. 

for the cytological evalaution of the RLNs in canine MCT classification of LN metastasis in canine MCT. 

Cytological criteria Proposed interpretation 

No MCs observed Normal 

>50% small lymphocytes with a mixed population of prolymphocytes, 

lymphoblasts, plasmacells, and/or few to moderate numbers of macrophages, 

neutrophils, and eosinophils, and/or rare individual MCs 

Reactive lymphoid hyperplasia 

2-3 incidences of MCs aggregated in couples or triplets Possible metastasis 

>3 incidences of MCs aggregated in couples or triplets and/or 2-5 aggregates 

composed by >3 MCs 
Probable metastasis 

Effacement of lymphoid tissue by MCs, and/or aggregated, poorly 

differentiated MCs (pleomorphism, anisocytosis, anisokaryosis, and/or 

decreased or variable granulation), and/or >5 aggregates composed by >3 

MCs 

Certain metastasis 

Legend: MC, mast cell. Table adapted from Krick et al.104 

The system by Krick et al. was statistically correlated with the clinical outcome, 

defined as the median survival time (MST).104 Specifically, it can be desumed that 

dogs with “normal” LNs and with “reactive lymphoid hyperplasia” did not show any 

singnificant difference in MST compared to dogs with “possible metastasis”. On the 

other hand, dogs with “possible metastasis” had a longer MST than dogs with 

“certain metastasis”, which in turn did not show any difference in MST compared to 

dogs with “probable metastasis”. Nonetheless, the correlation of the system by Krick 

et al. with the clinical outcome might have been affected by the marked variability in 
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treatment protocols adminsitered to dogs enrolled in the study.104 This hypothesis is 

supported by brief communication by Fournier et al.72 who observed a statistically 

signifcant difference in the one-year metastasis-free survival rate exclusively 

between dogs with “reactive lymphoid hyperplasia” and dogs with “certain 

metastasis”. On the other hand, it is noteworthy that Fournier et al.72 monitored MCT-

bearing dogs only for one year, while in the study by Krick et al.104 the follow-up 

information for the patients was available up to 10 years after cytological sampling of 

LNs. Although the intepretative system proposed by Krick et al.104 represented a key 

turning point in the cytological evaluation of nodal samples from MCT-bearing 

dogs,196 successive reports did not systematically applied 6,71,106,135,159,201,230,240 or did 

modify this system,71,145,174,180 with few exceptions.105,119,156,204 The main differences 

in the design of studies reported in the literature and which included the cytological 

evaluation of LNs sampled from MCT-bearing dogs, are summarized in Table 3.  

 

 

Tab.3. Summary of the main differences in the study design of studies which included the cytological 

evaluation of LNs sampled from MCT-bearing dogs. 

Study 

Study 

design 

(# dogs) 

RLN or 

SLN 

(# LN 

examine

d) 

Cytological criteria and classes 

Associated 

histological 

evaluation 

(application 

of criteria by 

Weishaar et 

al. Y/N) 

Cytological 

sampling 

technique 

Langenbach et 

al.  

(2001)108 

P 

(7) 

RLN 

(7) 

1) NM: all cases excluded from “M” 

class 

2) M: moderate to high numbers of 

atypical MCs, moderate to high 

numbers of clusters composed by  

>3 MCs, high to very high numbers 

of normal MCs without evidence of 

hyperplasia/inflammation  

yes 

(N) 
FNA 

Gieger et al. 

(2003)77 

R 

(24) 

RLN 

(19) 

1) NM: all cases excluded from “M” 

class 

2) M: high numbers of well-

differentiated MCs, presence of 

poorly-differentiated MCs 

no FNA 

Cahalane et al.  

(2004)33 

R 

(68) 

RLN 

(17) 

1) NM: all cases excluded from “M” 

class 

2) M: increased numbers of MCs in 

>2 consecutive HPF 

yes 

(N) 
FNA 

Thamm et al. 

(2006)209 

R 

(61) 

RLN 

(28*) 

1) NM: single, scattered MCs 

2) M: sheets or aggregates of MCs 
no FNA 



63 
 

Study 

Study 

design 

(# dogs) 

RLN or 

SLN 

(# LN 

examine

d) 

Cytological criteria and classes 

Associated 

histological 

evaluation 

(application 

of criteria by 

Weishaar et 

al. Y/N) 

Cytological 

sampling 

technique 

Marconato et al. 

(2008)117 

P 

(27) 

RLN 

(27) 

1) NM: criteria not specifically 

reported 

2) Inconclusive for M: occasional MCs 

3) M: effacement of lymphoid tissue 

by MCs 

no FNA 

Krick et al. 

(2009)104 

R 

(152) 

RLN 

(152) 

1) Normal: no MC 

2) Reactive lymphoid hyperplasia: 

scant, single MCs 

3) Possible M: 2-3 couples/triplets of 

MCs 

4) Probable M: >3 couples/triplets of 

MCs or 2-5 aggregates composed 

by >3 MCs 

5) Certain M: effacement of lymphoid 

tissue by MCs and/or aggregated, 

poorly differentiated MCs 

(pleomorphism, anisocytosis, 

anisokaryosis, and/or decreased or 

variable granulation), and/or >5 

aggregates composed by >3 MCs 

no FNA 

Miller et al. 

(2016)135 

R 

(94) 

RLN 

(69) 

1) NM: all cases excluded from “M” 

class 

2) M: >3% MCs on the total 

population or >20 MCs per HPF 

showing at least 3 atypias, or 

clusters of MCs 

no FNA 

Warland et al. 

(2014)230 

R 

(220) 

RLN 

(119) 

1) NM: all cases excluded from “M” 

class 

2) M: increased number of MCs (>3% 

or >20 total MCs) with at least 1 of 

the 3 following features: highly 

variable or generally reduced 

granularity, moderate to marked 

anisocytosis, moderate to marked 

anisokaryosis, increased N:C ratio, 

nuclear/nucleolar pleomorphism or 

altered number of nuclei/nucleoli, 

presence of eosinophils or 

aggregates of MCs 

no FNA 

Worley  

(2014)240 

P 

(19) 

RLN 

(3) 

+ 

SLN 

(6) 

1) NM: all cases excluded from “M” 

class 

2) M: effacement of lymphoid tissue 

by MCs   

yes 

(N) 
FNA 

Baginski et al. 

(2014)6 

R 

(90) 

RLN 

(34) 

1) NM: all cases excluded from “M” 

class 

2) M: prevalence (>50%) of MCs, 

numerous aggregates of MCs, 

and/or poorly differentiated MCs 

no FNA 
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Study 

Study 

design 

(# dogs) 

RLN or 

SLN 

(# LN 

examine

d) 

Cytological criteria and classes 

Associated 

histological 

evaluation 

(application 

of criteria by 

Weishaar et 

al. Y/N) 

Cytological 

sampling 

technique 

Stefanello et al. 

(2015)201 

R 

(386) 

RLN 

(386) 

1) NM: well-differentiated MCs, well-

granulated and without atypia 

2) M: sheets or aggregates of MCs, 

high numbers of MCs, atypical 

MCs 

yes 

(N) 
FNA 

Ku et al.  

(2017)106 

R 

(50*) 

RLN 

(50*) 
 Criteria proposed by Krick et al.** 

yes 

(N) 
FNA, SCRA 

Krick et al.  

(2017)105 

R 

(64) 

RLN  

(59) 
 Criteria proposed by Krick et al. 

yes 

(N) 
FNA 

Mutz et al. 

(2017)145 

P 

(20) 

RLN 

(23) 

1) Normal: as proposed by Krick et al. 

2) Lymphoid reactive hyperplasia: as 

proposed by Krick et al. (2009) 

3) Possibile M: as proposed by Krick 

et al. (2009) 

4) Certain M: as proposed by Krick et 

al. (2009) 

yes 

(N) 
FNA 

Sapierzynski et 

al.  

(2017)180 

R 

(40) 

RLN 

(40) 

1) Low M involvement: aggregates of 

>3 MCs 

2) Medium M involvement: small 

groups of neoplastic cells in nearly 

all microscopic fields 

3) Massive M involvement: 

prevalence (>50%) of MCs 

no FNA 

Fournier et al. 

(2018)71 

R 

(110) 

RLN 

(78) 

 Criteria proposed by Krick et al.**, 

*** 

yes 

(Y)*** 
FNA 

Pizzoni et al. 

(2018)159 

P 

(45) 

RLN 

(12) 

1) NM: all cases excluded from “M” 

class 

2) M: sheets or aggregates of MCs, 

high numbers of MCs, atypical 

MCs 

no FNA 

Marconato et al. 

(2018)119 

R 

(152) 

RLN 

(71) 
 Criteria proposed by Krick et al. no FNA 

Sabattini et al. 

(2018)174 

P 

(24) 

RLN 

(28) 
 Criteria proposed by Krick et al.*** 

yes 

(Y) 
FNA 

Sulce et al. 

(2018)204 

P 

(38) 

RLN 

(16) 
 Criteria proposed by Krick et al. 

yes 

(Y) 
FNA 

Pecceu et al. 

(2019)156 

P 

(82) 

RLN 

(55) 
 Criteria proposed by Krick et al.*** 

yes 

(Y)** 
FNA 

Fournier et al. 

(2020)73 

P 

(59) 

SLN 

(54) 
 Criteria proposed by Krick et al. 

yes 

(Y) 
FNA 

Legend: FNA, fine needle aspiration; HPF, high power field; MC, mast cell; M, metastatic; N, no; NM, non 

metastatic; N:C ratio, nuclear-cytoplasmic ratio; P, prospective study; R, retrospective study; RLN, regional lymph 

node; SCRA, scraping; SLN, sentinel lymph node; Y, yes; *, the exact number of dogs or lymph nodes cannot be 

extrapolated; **, criteria not systematically applied to all cases; ***changes applied to the original system but not 

reported, or not clear explanation of which interpretative classes were considered as negative and positive for 

metastasis. 
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Although Krick et al. suggested to investigate the interrater agreement of their 

interpretative system,104 only a single study 174 included the cytological evaluations of 

three independent observers regarding metastatic LNs (i.e. histologically classified as 

HN2 and HN3) obtained from MCT-bearing dogs. Nonetheless, Sabattini et al.174 did 

not investigated interrater agreement in details, limiting to report that the agreement 

among evaluators was negatively influenced by the use of a rapid cytological stain in 

the case of smears characterized by scant, poorly-granulated MCs. The need of 

systematic interobserver agreement evaluations is further supported by the 

observation that the criteria by Krick et al. might not be perfectly complete, omitting 

the interpretation of findings frequently encountered during the cytological evaluation 

of nodal specimens obtained from MCT-bearing dogs. Specifically, cytological criteria 

by Krick et al. do not report how to interpret the presence of a single couple or triplet 

of MCs, of moderately increased numbers of single, well-differentiated MCs, or of 

scant, non-aggregated atypical MCs. Regarding the latter finding, it is noteworthy that 

in a normal or reactive lymph node, no atypical MCs should be detected.112,117 

Previous literature referring to dogs has defined atypical MCs as cells characterized 

by at least one of the following morphological features: variable to scant granularity, 

anisocytosis, anisokaryosis, bi- or multi-nucleation, nuclear 

pleomorphism.34,90,104,117,184 Sulce et al.204 also observed that compared to IgE-

positive MCs, IgE-negative neoplastic MCs can be characterized by low numbers of 

larger metachromatic granules, interpreting this finding as indicative of immaturity or 

genetic mutations. Additionally, a considerable lack of consensus among cytologists 

in the use of modifiers (such as “possible” or “probable”)  for cytological diagnoses in 

general has been reported,42 especially regarding the numerical percentage 

probability of an accurate diagnosis implied by each modifier. Similarly, it cannot be 

excluded that the use of generic, unspecific quantifiers in the criteria proposed by 

Krick et al.,104 such as the one referring to “rare” MCs in lymphoid reactive 

hyperplasia as well as that referring to the “effacement of lymphoid tissue by MCs” in 

certainly metastatic samples, might lead to a reduced reproducibility of cytological 

interpretations among different readers. Another critical point included in the system 

by Krick et al.104 is the one represented by the required absence of MCs in a 

cytological sample to define it as “normal”. This criterion seems to be in contrast with 
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other studies reporting that a variable amount of this cells can be detected in normal 

lymph nodes,12,25,112,117,130,145,165,174,230 and might lead to decreased reproducibility of 

results among different cytologists. 

The aforementioned observations regarding the critical points included in the 

cytological interpretative system proposed by Krick et al.,104 as well as the complexity 

of the final categorization scheme in five intepretations, might explain the reason why 

successive studies did not systematically applied or did modify this system. In their 

work, Mutz et al.145 grouped together the classes “probable metastasis” and “certain 

metastasis” proposed by Krick et al., due to the lack of statistically significant 

differences between the corresponding survival times. Another strength of the study 

by Mutz et al. was the quantification of MCs in cytological nodal samples from 

healthy, allergic, and MCT-bearing dogs.145 Indeed, no clear consensus exists 

regarding the quantity of MCs that are regularly present in normal or reactive canine 

LNs.12,25,112,117,145,174,230 The studies which focused on the quantification of nodal MCs 

in dogs without health issues, affected by non-neoplastic conditions such as 

allergies, or bearing MCT  12,25,117,145,174,204 have been conducted applying different 

inclusion criteria, counting methods, and statistical analysis, thus limiting the 

comparison of obtained results. The main differences in the study design of these 

works are summarized in Table 4.  

 

Tab.4. Summary of the main differences in the study design of studies aiming to quantify MCs in lymph 

nodes of dogs belonging to different clinical categories. 

Study 
Study 

design 

Counting method 

(magnification) 

Clinical 

categories  

(# dogs/cases) 

Bookbinder et al. 

(1992)25 
P 

#MC/entire slide 

(100x) 
Healthy (56) 

Marconato et al.  

(2008)117 
P 

#MC/2000 cells – expressed as percentage least 

mean square 

(400x) 

Healthy (4) 

inf/non-npl (31) 

MCTDs (27) 

Bauer et al.  

(2011)12 
P 

“Fields”: #MC in 20 fields 

(200x) 

Healthy (30) 

Allergic (20) 

“Cells”: #MC/500 lymphoid cells 

(400x) 

“Total”: #MC/entire slide 

(100x) 
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Study 
Study 

design 

Counting method 

(magnification) 

Clinical 

categories  

(# dogs/cases) 

Mutz et al.  

(2017)145 
P 

#MC/2000 cells 

(n/a) 

Healthy (20) 

Allergic (20) 

MCTDs (20) 

Sabattini et al.  

(2018)174 
P 

“Total”: #MC/entire slide - expressed only as % 

(n/a) 

Npl ot MCT (n/a) 

MCTDs (28) 

Sulce et al.  

(2018)204 
P 

#MC/1000 cells – expressed only as % 

(n/a) 
MCTDs (12) 

Legend: Allergic, dogs affected by allergic dermatopathy; inf/non-npl, dogs affected by infectious/inflammatory 

non neoplastic conditions; MC, mast cells; MCTDs, mast cell tumor-bearing dogs; Npl ot MCT, neoplasms other 

than mast cell tumor; n/a, non-applicable/non-available; P, prospective; R, retrospective.   

Specifically, the studies by Bookbinder et al.25 and by Bauer et al.12 reported that a 

certain amount of MCs can be present in LN obtained from healthy dogs, ranging 

from 1 to 16 and from 0 to 13, respectively.  Additionally, Bauer et al. reported that 

the number of MC in LNs from allergic dogs was significantly higher than that in LNs 

from healthy dogs.12 To the best of our knowledge, only four studies included the 

quantification of MCs in LNs from MCT-bearing dogs.117,145,174,204 In the study by 

Marconato et al.,117  dogs with definite MCT nodal metastasis had a significantly 

higher number of nodal MCs than healthy dogs, dogs affected by non-neoplastic 

infectious-inflammatory conditions, and MCT-bearing dogs without nodal metastasis 

and with doubtful nodal metastasis. In the study by Mutz et al.,145 MCT-bearing dogs 

were more likely to present at least one MC or >0.05% MCs within LNs than healthy 

dogs, but not when compared with animals affected by allergic dermatopathy. 

Sabattini et al.174 applied semi-quantitivative estimation of MCs in FNAs obtained 

exclusively from LNs belonging to MCT-bearing dogs and histologically classified as 

HN2 or HN3, finding variable proportions of MCs ranging from <10% to >50%. 

Finally, in the study by Sulce et al.204 variable amounts of MCs ranging from 0 to 

about 89% over 1000 total cells, were oserved in MCT-bearing dogs, well correlating 

with the number of intranodal MCs estimated with flow-cytometry. Besides these 

findings, it is noteworthy that in a brief communication Fournier et al.72 reported that 

LN samples classified in a new cateogry named "high-risk metastasis” which was 

characterized by increased MC nuclear-cytoplasmic ratio and the presence of >8% of 

MCs among all nucleated cells, showed a better correlation with one-year 

metastasis-free survival rate compared to that observed for the system proposed by 

Krick et al.104 
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To correctly interpret the results of the studies cited above, it should be remembered 

that it is not clear whether an increased number of well-differentiated MCs in LNs of 

MCT-bearing dogs should be attributed to the chemoattractive effect of the primary 

mass microenvironment on reactive cells or to an effective migration of neoplastic 

MCs draining from a well differentiated primary mass.99,104,108,119,201,230 Additionally, 

besides the aforementioned difficulties in the comparison of studies focusing on the 

quantification of nodal MCs in different clinical categories of dogs, it is noteworthy 

that no easily-evaluable morphological features are available to distinguish well-

differentiated neoplastic MCs from reactive or inflammatory ones.105,108,119,120,145,196,201 

Indeed, although Marconato et al. reported that nodal MCs from MCT-bearing dogs 

with doubtful nodal metastasis and with definite nodal metastasis were characterized 

by specific nuclear morphometric alterations,117 the application of morphometry in a 

routine diagnostic set would sensibly increase turnaround time. The issue is further 

complicated by the observation that nodal macrophages engulfing intracytoplasmic 

metachromatic granules released by MCs may mimic the presence of the latter cell 

type,167 and that scant, hypogranular MCs might be misdiagnosed as histiocytes or 

large granular lymphocytes.174 

Although all the considerations above, neither Mutz et al.145 nor Sulce et al.204 

proposed to include some kind of MC semi quantitative or quantitative evaluation in 

the interpretative system previously proposed by Krick et al.104 Still, despite the 

suggested simplification of the system by Krick et al., in their study Mutz et al. 

maintained the separation between the two interpretative classes "normal" and 

"reactive lymph node hyperplasia", despite the absence of a statistically significant 

difference in the survival time, as can be extrapolated from the original work by Krick 

et al.104 In this view, subsequent studies grouped together the first two interpretative 

classes of the system by Krick et al. in a single category indicative of lack of nodal 

MCT metastasis.71,73,174  

Considered the aforementioned issues and the fact that cytology is often used alone 

to investigate LN metastatic status before the establishment of therapeutic protocols 

in canine MCT in the clinical practice, potential causes of misinterpretation of 

cytological specimens leading to tumor over- or under-staging should be 
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investigated.104,106,196 In this frame, although the interpretative system proposed by 

Krick et al. correlated with the clinical outome, comparison of cytological findings with 

histopathology is warranted, given that the latter represents the reference 

test.6,71,84,92,104,105,108,119,145,150,196 Despite the suggestion by the same Krick et al.,104 

only few studies directly or indirectly investigated the agreement among cytological 

and histological findings in detecting MCT nodal 

metastasis.71,73,105,106,108,145,174,201,204,240 Unfortunately, the comparison among the 

results of these studies is limited by several differences in the study design (see 

Table 3) since each of them did not meet one or more of the following parameters: 

systematic application of cytological criteria proposed by Krick et al.,71,106,108,201,240 

systematic application of the histopathological criteria proposed by Weishaar et 

al.,71,105,106,108,145,201,240 exposition and clarification of the changes applied to the 

interpretative cytological system by Krick et al.71,174 and/or to the histological system 

by Weishaar et al.71 The only two studies which systematically applied the cytological 

interpretative system by Krick et al.104 and the histological one by Weishaar et al.234 

were those by Sulce et al.204 and by Fournier et al.,73 which unfortunately were 

limited by the inclusion of a relatively low number of LNs (6 and 21, respectively) for 

which both cytological and histological diagnosis were available. Therefore, further 

investigations are required to establish more standardized and feasible criteria for LN 

cytological assessment, that would correspond as much as possible to the 

histological classification by Weishaar et al.106,145,230,234 In this view, diagnostic 

accuracy studies conducted according to the Standards for Reporting of Diagnostic 

Accuracy Studies (STARD) guidelines 27 might represent a valid alternative.  

The need of validation of standardized cytological criteria for the evaluation of nodal 

metastatic status in MCT-bearing dogs is further strengthened by the growing 

attention toward LN mapping techniques in veterinary 

medicine.10,13,20,31,66,73,75,84,114,172,197,213,230,240 Indeed, the individuation of the sentinel 

LN (SNL, i.e. the first LN in a specific lymphatic drainage path actually receiving 

lymph, and the eventual metastatic spread, from a primary tumor) can provide 

irreplaceable information about the state of invasion of the lymphatic system by the 

tumor.54,73,196,213,230 Only a limited number of studies have focused so far on the exact 

mapping of lymphatic drainage of different anatomical sites in healthy dogs.63,203 The 
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issue is further complicated by the observation that not all RNL can be located or 

palpated, especially due to their small dimensions or their anatomical site (e.g., 

prescapular, axillary, inguinal, sacro-iliac LNs), and thus it is not always possible to 

collect FNAs from these sites.73,156,172,230 In this context, the common belief that 

distant MCT metastases have no reason to be suspected without first spreading to 

the RLN 230 has recently been questioned due to the observation that MCT can 

metastasize to one or more LNs different from the expected 

RLN.66,71,73,84,119,159,195,201,240 Indeed, the neoplastic diffusion can "skip" the expected 

RLN metastasizing in favor of one or more unpredictable LNs, probably due to tumor-

induced lymphangiogenesis, increased resistance to lymphatic flow through some 

draining paths compared to others, or marked extension of specific lymphatic 

drainage beds such that associated with the oral cavity.54,71,73,99,172,195,240 In the light 

of the above considerations, it is obvious that the efficacy of clinical staging would 

always be improved evaluating the metastatic status of the actual SLN rather than 

the expected RLN.66,73,84,196 Therefore, several studies investigated various 

techniques for the mapping of SLN in MCT-bearing dogs.31,66,73,84,114,172,240 Besides 

the undoubted improvement of clinical staging, the surgical excision of LNs guided by 

SLN mapping could also avoid the surgical extirpation of the RLN when it is not 

necessary (i.e. in those cases where the RLN and the SLN do not coincide) and 

could reduce all post-operative complications that may associate with massive LN 

excision, especially of intracavitary ones (such as surgical wound infections, seroma 

formation, postoperative pain, reduced mobility, lymphedema and compromised 

immune response).66,71,73,84,117,195,240 In this context, the individuation of the SLN in 

canine MCT might open new perspectives for the use of cytology in an intraoperative 

environment also in veterinary medicine. Indeed, similarly to human medicine,50,96,241 

real-time cytological evaluation of surgically extirpated SLNs sampled via touch 

imprint and/or scraping might be helpful in further reducing the surgical dose and the 

side effects associated with routine, unguided, and extensive LN 

extirpation.71,84,117,195,240 Specifically, several issues associated with the application of 

SLN mapping techniques might beneficiate from the use of intraoperative cytology as 

an additional guide for the surgeon.  Firstly, Grimes et al.84 reported that SLNs 

without histological evidence of metastasis were constantly associated with non 
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metastatic non-SLN, supporting the hypothesis that the SLN might represent a kind 

of “gate” for MCT metastasis toward other LNs. In this context, intraoperative 

cytology might be useful in the choice of removing also the RLN in those cases in 

which it does not coincide with a SLN cytologically suggestive of the presence of 

metastasis. Furthermore, a previous study 66 regarding canine MCT reported that 

multiple SLNs were identified within the same lymphocentrum (i.e. a LN station 

draining a certain lymphatic basin). Despite the application of dynamic tracking of the 

contrast medium in this and other studies,66,73,172 it cannot be completely excluded 

that this finding might be the consequence of an irregular distribution of the 

radiotracer and/or of the intraoperative dye, as previously reported in human 

beings.29,80,111,188 This observation, together with a desirable application of the 

“sentinel chain” concept also in veterinary medicine,37 point out how in the future the 

use of intraoperative cytological evaluation of each SLN excised from a 

lymphocentrum might guide the surgeon in the choice of which other LNs extirpate 

from the same lymphocentrum. Finally, the same study by Ferrari et al.66 reported 

that both methylene blue injection and lymphoscintigraphy identified as the SLN a 

subcutaneous structure lacking the classical features of a LN at histopathology. As 

previously reported in dogs and rats,73,194,203 this finding might be the consequence of 

a rearrangement of the draining lymphatics following previous excision of another 

tumor, which might work as new metastatic pathways for eventual residual cancer 

cells.66,203 In this specific event, cytology might be useful in providing an immediate 

feedback to the surgeon who could then proceed further with the detection and 

extirpation of the real SLN or, eventually, of the RLN if a SLN could not be detected. 

Considered all the aforementioned issues, further studies aiming to validate the 

reproducibility and accuracy of the cytological evaluation of LNs in MCT-bearing dogs 

are warranted to investigate the reliability of this diagnostic technique as an 

additional supporting intraoperative guide for the surgeon.  

 

AIMS 

Considered the issues highlighted in the introduction of the current chapter, the work 

of the Ph.D. candidate in this field was focused on prelimary investigations on the 

cytological quantification of nodal MCs in LNs obtained from both dogs affected by 
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non neoplastic pathological conditions and MCT-bearing dogs, as well as on the 

investigation of the interrater agreement and the diagnostic accuracy of cytology for 

the evaluation of LNs obtained from MCT-bearing dogs.  

Specifically, the preliminary investigations on the cytological quantification of nodal 

MCs in LNs obtained from both dogs affected by non neoplastic pathological 

conditions and MCT-bearing dogs, which results are showed in Section 1, aimed to 

verify whether the number of nodal MCs is able to indipendently predict the presence 

or absence of MCT nodal metastasis in canine cytological samples, disregarding the 

sampling method applied to obtain cytological specimens. Specifically, the validity of 

the following hypotheses was investigated: 

1) The number of nodal MCs is significantly higher in MCT-bearing dogs 

compared to dogs affected by non neoplastic conditions; 

2) The number of nodal MCs is significantly different among MCT-bearing dogs 

without LN metastasis, MCT-bearing dogs with possible LN metastasis, and 

MCT-bearing dogs with certain LN metastasis; 

3) The number of nodal MCs is not significantly different among cytological LN 

specimens obtained from MCT-bearing dogs via fine-needle aspiration, 

scraping, or touch imprint. 

On the other hand, the study focused on the investigation of the interrater agreement 

and the diagnostic accuracy of cytology for the evaluation of LNs obtained from MCT-

bearing dogs, which results are showed in Section 2, aimed to verify the following 

hypotheses: 

1) The application of the cytological interpretative system proposed by Krick et al. 

(Krick 2009) is characterized by inadequate interrater agreement, both when 

applied according to the 5 classes proposed by the original Authors and when 

simplified in a 3-classes version; 

2) The diagnostic accuracy of a 3-classes simplified version of the cytological 

interpretative system proposed by Krick et al. is moderate and its 

morphological criteria might need to be improved; 
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3) A 3-classes and a 2-classes amendment of the cytological interpretative 

system by Krick et al., including criteria for nodal MCs quantification, are 

characterized by improved interrater agreement and diagnostic accuracy 

compared to the original interpretative system.   
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SECTION 1 - Preliminary investigations on the 

cytological quantification of nodal mast cells in 

dogs affected by non neoplastic pathological 

conditions and mast cell tumor-bearing dogs 
 

MATERIAL AND METHODS 

Case selection from the archives and preliminary classification into clinical categories 

Canine cytological nodal samples collected between January the 1st, 2016 and 

December the 31st, 2018 were retrospectively recovered from the electronic database 

of the Diagnostic Pathology Service of the Department of Veterinary Medicine 

(DIMEVET) of the University of Milan, obtaining a consecutive series of cytological 

specimens. All cytological slides used in the current study had been air-dried and 

manually stained with May-Grünwald-Giemsa (Merck KGaA, Frankfurt, Germany). 

Each cytological sample was defined as a single and independent “case” on the 

basis of the sampled LN and of the sampling technique (i.e. sampling of multiple LNs 

from the same dog and/or sampling of the same LN from the same dog with different 

techniques were not considered as exclusion criteria).    

Retrieved cases previously diagnosed as inconclusive (i.e. acellular, hemodiluted, 

incorrectly smeared samples, or samples with suboptimal staining or containing only 

tissues other than lymphoid tissue such as fat, connective tissue, salivary gland, etc.) 

were excluded from the study. According to the cytological diagnosis reported in the 

electronic database as well as to the information contained in the medical record of 

each dog (including eventual histological reports dated not later than one month after 

the cytological report), cases were classified in one of the following clinical 

categories:     

 Category 1 (Cat.1): cases from non-oncological dogs (NODs), i.e. dogs with 

reactive, degenerative, infectious-inflammatory, or traumatic conditions, in the 

absence of MCT or any other neoplasm; 
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 Category 2 (Cat.2): cases from MCT-bearing dogs (MCTDs), in the absence of 

any other neoplasm;  

 Category 3 (Cat.3): cases from dogs bearing single or multiple neoplasms other 

than MCT. 

Cases were excluded from the study when obtained from dogs lacking detailed 

clinical history, or simultaneously bearing a MCT and another kind of neoplasm. 

Cases belonging to NODs (Cat.1) and sampled with techniques other than fine 

needle aspiration (FNA), as well as all the cases belonging to dogs bearing single or 

multiple neoplasms other than MCT (Cat.3), were excluded the current work. Cases 

belonging to MCTDs (Cat.2) were then further classified in the following 

subcategories according to the sampling technique:  

 Subcategory 2.1 (Subcat.2.1): cases from MCTDs sampled with FNA; 

 Subcategory 2.2 (Subcat.2.2): cases from MCTDs sampled with scraping 

smearing; 

 Subcategory 2.3 (Subcat.2.3): cases from MCTDs sampled with touch 

imprinting.  

 

Sub-selection of eligible cases 

Each previously selected case was then considered as eligible in the study only if at 

least 1 cytological slide was available for review, and if at least 20 adequately cellular 

high-power fields (i.e. 400x) were available. Each microscopic high-power field (HPF 

evaluated with routine light microscopy (Olympus BX51TF; Olympus Corporation, 

Tokyo, Japan), was considered as “adequate” when at least 50% of its surface was 

occupied by well-preserved cells arranged in a single layer without overlapping. 

When 1 slide was not sufficient to reach a total of 20 adequately cellular HPFs, a 

maximum of 3 additional slides were evaluated. Among eligible cases, only the 10 

most recent ones for each Cat.1 (NODs), Subcat.2.1 (cases from MCTDs sampled 

with FNA), Subcat.2.2 (cases from MCTDs sampled with scraping smearing), and 

Subcat.2.3 (cases from MCTDs sampled with touch imprinting) were selected for the 

following investigations, for a final caseload of 40 cases. For each case included in 
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the study, details regarding each sampled LN (including location, size, and 

eventually-available histopathological diagnosis expressed according to Weishaar et 

al.234 (Appendix 1 – Supplementary Figure 2) and signalment data  of dogs from 

which they were obtained (i.e. breed, sex, age, and primary pathological process 

affecting each animal) were collected (Appendix 2 – Supplementary Table 2). All 

inclusion criteria applied in the current study are summarized in Appendix 2 – 

Supplementary Figure 2.  

For each of the 30 selected cases obtained from MCTDs (Cat.2), the metastatic 

status (i.e. the presence or the absence of MCT metastasis) was evaluated by one of 

the investigators (i.e. the Ph.D. candidate) applying the criteria proposed by Krick et 

al.104 as further modified in previously published studies73,145 and by our research 

group, as shown in Appendix 2 - SupplementaryTable 1. Examples of morphological 

features evalauted to classify the cytological cases are illustrated in Appendix 1- 

Supplementary Figure 1. Specifically, the cases included in the current study were 

classified as follows: 

 Subcategory 2.NM (Subcat.2.NM) – “Non-metastatic”: including cases 

classified as “normal” or “reactive lymphoid hyperplasia” according to criteria 

by Krick et al.; 

 Subcategory 2.PM; (Subcat.2.PM) - “Possibly metastatic”:  including cases 

classified as “possible metastasis” according to criteria by Krick et al.; 

 Subcategory 2.M (Subcat.2.M) – “Metastatic”: including cases classified as 

“probable metastasis” or “certain metastasis” according to criteria by Krick et 

al.  

 

Criteria applied to microphotograph acqusition and counting 

For each investigated case, microphotographs of 20 hot-spot, adequately cellular 

HPFs were taken with a digital camera Olympus DP70 (Olympus Corporation, Tokyo, 

Japan) supported by the software Olympus DP-Soft (v.5.0 for Microsoft Windows; 

Olympus Corporation, Tokyo, Japan). “Hot-spot” HPFs were defined as those 

characterized by the best balance between cellularity and cell preservation. Each 
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microphotograph field corresponded to an area of 434.97x327.51 microns, as 

measured with the aid of a calibration slide.  

Each microphotograph was then randomized and blinded for category, subcategory 

and signalment information. Microphotographs were then uploaded in the Fiji 

software 187 and manually counted after application of a square grid of 108.74 

microns side to facilitate counting (Appendix 2 – Supplementary Figure 1 A). The 

number of MCs for each evaluated case was then determined by one of the 

investigators with the help of another investigator (i.e. the Ph.D. candidate) for those 

more challenging cases, applying 6 different counting methods: 

 Counting “per fields”: number of MCs counted in 4, 8, and 20 HPFs; 

 Counting “over cells”: number of MCs over 500, 1000, and 2000 cells counted at 

400x. 

Naked nuclei and cells in mitosis or only partially depicted in the pictures were not 

counted (Appendix 2 – Supplementary Figure 1 B). To avoid introduction of bias 

during counting “over cells”, each microphotograph used for this purpose was entirely 

counted. When cellular counting overwhelmed the threshold of 500, 1000, and 2000 

cells, values were recalibrated with a proportion (i.e. number of MCs : number of 

counted cells = X : 500/1000/2000).  

 

Statistical analysis 

For each counting method applied to each category and subcategory (from now on 

indicated as “groups”), both the median (with the corresponding minimum-maximum 

range) and the mean (with the corresponding standard deviation) absolute number of 

MCs were calculated to facilitate comparison of our results with those reported in 

previous studies. Similarly, both the median and the mean percentage number of 

MCs were calculated for counting methods over cells applied to each group.  

Data distribution for each counting method applied to each group mentioned above 

was investigated with Shapiro-Wilk normality test. Considered that the majority of 

datasets did not pass the normality test, non-parametric tests (i.e. Mann-Withney test 
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for pairwise comparison and Kruskall-Wallis test with Dunn’s correction for multiple 

comparisons) were applied to investigate the difference in the median number of 

MCs for each counting method among the following groups:  

 NODs (Cat.1) versus MCTDs (Cat.2); 

 Non metastatic cases (Subcat.2.NM) versus possibly metastatic cases 

(Subcat.2.PM) versus metastatic cases (Subcat.2.M); 

 FNAs (Subcat.2.1) versus scraping smears (Subcat.2.2) versus touch imprints 

(Subcat.2.3). 

Specifically, for those comparisons among 3 groups, pairwise comparisons with 

Mann-Withney test were investigated in addition to Kruskall-Wallis test with Dunn’s 

correction to improve the sensitivity of the analysis.  

Beside MCs quantification, the difference in the mean cellularity among LN 

specimens grouped together according to the categories and subcategories 

mentioned above was also investigated. Mean cellularity of each case was defined 

as the mean cellularity observed in the first 5 microphotopgraphs entirely counted 

during counting “over cells”, which represented the minimum common number of 

microphotographs entirely counted among all cases (Appendix 2 – Supplementary 

Table 2). Although all the datasets reporting mean cellularity data passed Shapiro-

Wilk normality test, non-parametric tests (i.e. Mann-Withney test for pairwise 

comparison and Kruskall-Wallis test with Dunn’s correction for multiple comparisons) 

were applied to maintain consistency with the other statistical analyses. Finally, to 

verify whether cellularity influenced the amount of nodal MCs, Spearman correlation 

coefficient was calculated to determine the eventual correlation between the number 

of MCs observed according to each counting method applied to each group on one 

hand, and the corresponding mean cellularity on the other. 

Statistical analyses were performed with GraphPad Prism software (version 9.0.0 for 

Windows 64-bit, GraphPad Software, San Diego, California USA, 

www.graphpad.com). Statistical significance was set at p-value ≤ 0.05. 
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RESULTS 

Selection workflow and signalment data for the cases included in the study 

Among the 2665 cytological electronical records collected between January the 1st, 

2016 and December the 31st, 2018, 1901 referred to cytological samples obtained 

from dogs. Out of a total of 492 canine lymph node cytological samples, 443 were 

reported for "regional lymphadenopathy" and 49 for "systemic lymphadenopathy".  

Ninety (90) cases were then excluded from the study because classified as 

"inconclusive”, 36 cases because obtained from subjects with not available or 

insufficient clinical history, and 7 cases because obtained from animals with a history 

of MCT and another type of neoplasia. Additionally, the 155 diagnostic samples 

obtained from dogs bearing single or multiple neoplasms other than MCT (Cat.3), 

were excluded en bloc because not consistent with the aims of the current study 

study. 

Of the cases obtained from NODs (Cat.1), 28 were excluded due to sampling method 

other than FNA (2), inadequate cellularity for the requirements of the current study 

(15), and failure to retrieve slides (11). Of the cases obtained from MCTDs (Cat.2) via 

FNA (Subcat.2.1), 22 were excluded due to inadequate cellularity and 7 for failure to 

retrieve slides. Of the cases obtained from MCTDs (Cat.2) via scraping smearing 

(Subcat.2.2) and touch imprinting (Subcat.2.3), 23 and 27 were excluded due to 

inadequate cellularity, respectively.  

In conclusion, 27 cases obtained from NODs (Cat.1), and 13, 25, and 32 cases 

obtained from MCTDs (Cat.2) via FNA (Subcat.2.1), scraping smearing (Subcat.2.2), 

and touch imprinting (Subcat.2.3), respectively, were defined as eligible in the study, 

for a total of 97 cases. The selection workflow applied in the current studies is 

summarized in Appendix 2 – Supplementary Figure 2.  

Details regarding the 40 cases finally included in the current  study as well as 

signalment data of the 25 dogs from which they were obtained, are summarized 

Appendix 2 – Supplementary Table 2. Among the 25 dogs included in the study, 17 

patients provided 1 case each, 6 patients provided 2 cases each, 1 patient provided 

3 cases, and 1 patient provided 8 cases. Eight (8) dogs were intact males, 2 intact 
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females, 4 castrated males, and 11 neutered females. The mean age was 6.98 years 

(range: 1 year - 13 years and 11 months). Patients belonged to 12 different breeds in 

addition to 8 mongrels. 

The 8 NODs (Cat.1) were affected by the following pathological conditions: rhinitis 

with dermatitis and reactive histiocytosis (1 patient which provided two cases), 

necrotizing gingivitis (1), bilateral purulent otitis (1 patient which provided two cases), 

leishmaniasis (2), hepatic amyloidosis (1), allergic dermatopathy (1), stomatitis (1).  

Among the 17 MCTDs (Cat.2), 15 patients had 1 single MCT, 1 patient had two 

MCTs, and 1 patient had three MCTs. Further data regardign the localization of each 

primary tumor are reported in Appendix 2 – Supplementary Table 2.  

For all cases included in the study, data on the location of the sampled lymph node, 

as well as the size in cm (when available), are shown in Table 5. 

Cytological samples had been submitted by the University Veterinary Hospital of the 

DIMEVET or by external private veterinary clinics, or had been prepared at the 

Diagnostic Pathology Service of the DIMEVET from surgical biopsies sent for other 

investigations or from necroscopic samples. In general, the samples had been sent 

to assess regional or more rarely systemic lymphadenomegaly conditions, or for 

neoplasm staging. In this regards, it is notewhorty that most of the samples prepared 

via scraping smearing and/or touch imprinting (15/20) were obtained from clicnically 

non-palpable sentinel LNs surgically extirpated from MCTDs. Further details 

regarding each sampled LN (including location, size, and eventually-available 

histopathological diagnosis expressed according to Weishaar et al.(Weishaar 2014) 

are reported in the next paragraphs and/or in Appendix 2 – Supplementary Table 2. 

The latter includes also the number of slides available for review and the number of 

slides used to gain 20 adequately cellular HPFs for each examined cases, as well as 

the number of HPFs entirely-counted during the counting “over cells”.   
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Nodal mast cells in non-oncological dogs (NODs) and mast cell tumor-bearing dogs 

(MCTDs) 

According to the different counting methods applied, the median range of nodal MC 

absolute number was 0-0.5 and 3.90-28 for NODs (Cat.1) and MCTDs (Cat.2), 

respectively.The mean range of nodal MC absolute number was 0-1.7 and 79.22-

428.3 for NODs and MCTDs, respectively. The details regarding the median and 

mean absolute and percentage number of nodal MCs in NODs and MCTDs for each 

counting method, are reported in Appendix 2 – Supplementary Table 3. 

When compared with the 10 NODs, the 30 MCTDs constantly showed a significantly 

higher number of MCs (p<0.0001), disregarding the counting method applied (Figure 

1).  

Figure 1. Nodal mast cells and sample cellularity in non-oncological dogs (NODs) and mast cell tumor-

bearing dogs (MCTDs). 

 

The box represents the interquartile range, with the internal horizontal line indicating the median value. The tip of 

the upper whisker indicates the maximum value while the tip of the lower whisker reports the minimum value.   

Statistically significant differences as determined with Mann-Withney test are indicated by red bars and stars. 

Legend: HPFs, high power fields; MCs, mast cells; #, number of; ****, p<0.0001. 



82 
 

Despite not statistically significant, mean cellularity was higher in cases obtained 

from NODs (median: 286.7) than from MCTDs (median: 222.2), as illustrated in 

Appendix 2 – Supplementary Table 6. Spearman correlation analysis revealed a 

significant inverse correlation  between MC number and cellularity in samples 

obtained from MCTDs (r range: -0.4112 to -0.5281; p value range: 0.0027 to 0.0240), 

which was not observed for NODs (r range: 0.03906 to 0.05803; p value range: 

0.9212 to >0.9999). 

 

Nodal mast cells in specimens obtained from mast cell tumor-bearing dogs (MCTDs) 

and classified as “non metastatic” (NM), “possibly metastatic” (PM), and “metastatic” 

(M) 

On the basis of the metastatic status as cytologically determined according to 

Appendix 2 – Supplementary Table 2, 10 cases out of the 30 obtained from MCTDs 

were classified as “non metastatic” (Subcat.2.NM), 5 cases as “possibly metastatic” 

(Subcat.2.PM), and 15 cases as “metastatic” (Subcat.2.M).  

Despite beyond the aims of the current study, the histopathological evaluation of the 

nodal metastatic status was available for 23 out of 30 cases obtained from MCTDs 

for comparison with the corresponding cytological diagnosis (Appendix 2 – 

Supplementary Table 2). Specifically, cytological and histological diagnosis 

completely and partially agreed in 15/23 cases (65.22%) and in 4/23 cases (17.39%), 

respectively, corresponding to an overall agreement of 82.61%. Conversely, no 

agreement between cytological and histological diagnosis was observed in in 4/23 

cases (17.39%).  

According to the different counting methods applied, the median range of nodal MC 

absolute number was 0-2 for “non metastatic” cases, 5-28 for “possibly metastatic” 

cases, and 120-782 for “metastatic” cases, respectively. The mean range of nodal 

MC absolute number was 0.25-2.40, 4.05-19.40, and 142.7-718.3 for “non 

metastatic”, “possibly metastatic”, and “metastatic” cases, respectively. The details 

regarding the median and mean absolute and percentage number of nodal MCs for 
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each counting method in “non metastatic”, “possibly metastatic”, and “metastatic 

cases are reported in Appendix 2 – Supplementary Table 4. 

When differences in the amount of nodal MCs in MCTDs were investigated on the 

basis of the metastatic status with Kruskall-Wallis test with Dunn’s correction for 

multiple comparisons, cases classified as “metastatic” constantly showed a 

significantly higher number of MCs (p<0.0001) compared to “non metastatic” cases 

disregarding the counting method applied, but not compared to “possibly metastatic” 

cases (Figure 2 – black bars). Addtionally, no significant difference in the number of 

nodal MCs was observed between “non metastatic” and “possibly metastatic” cases. 

On the contrary, when Mann-Withney test was applied to pairwise comparisons, “non 

metastatic” cases constantly showed a signifcantly lower number of MCs compared 

to both “possibly metastatic” (p ranging from <0.01to <0.001) and “metastatic” cases 

(p<0.0001), disregarding the counting method applied (Figure 2 – red bars). 

Additionally, a significantly higher number of MCs (p ranging from <0.05 to <0.001) 

was observed in “metastatic” cases compared to “possibly metastatic” ones.  

Despite beyond the aims of the current study, the statistical significance of the 

difference in the number of MCs between samples obtained from NODs and each of 

the subcategories of the samples obtained from MCTDs based on the metastatic 

status, was also investigated to allow complete comparability of our results with those 

reported in the literature. Results of this analysis are illustrated in Appendix 2 – 

Supplementary Figure 3.  
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Figure 2. Nodal mast cells and sample celularity referring to specimens obtained from mast cell tumor-

bearing dogs (MCTDs) and classified as “non metastatic” (NM), “possibly metastatic” (PM), and 

“metastatic” (M). 

 

The box represents the interquartile range, with the internal horizontal line indicating the median value. The tip of 

the upper whisker indicates the maximum value while the tip of the lower whisker reports the minimum value. 

Statistically significant differences as determined with Kruskall-Wallis test with Dunn’s correction for multiple 

comparisons, are indicated by black bars and stars. Statistically significant differences as determined with Mann-

Withney test are indicated by red bars and stars. Legend: HPFs, high power fields; MCs, mast cells; #, number of; 

*, p<0,05; **, p<0,01; ***, p<0,001; ****, p<0.0001. 

Despite not statistically significant neither with Kruskall-Wallis test with Dunn’s 

correction for multiple comparisons nor with Mann-Withney test for pairwise 

comparisons, mean cellularity showed a decreasing trend, being slightly higher in 

“non metastatic” cases (median: 251.8) compared to “possibly metastatic” ones 

(median: 238.6), which in turn were characterized by increased cellularity compared 

to “metastatic” cases (median: 162.2; Appendix 2 – Supplementary Table 6). 

Disregarding the counting method, Spearman analysis revealed a significant inverse 
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correlation between MC number and cellularity in cases classified as “metastatic” (r 

range: -0.5536 to -0.7500; p value range: 0.0014 to 0.0349), which instead was not 

observed in “non metastatic” (r range: -0.3206 to 0.6272; p value range: 0.0591 to 

>0.9999) and “possibly metastatic” cases (r range: -0.3000 to 0.4617; p value range: 

0.433 to 0.9500). 

 

Nodal mast cells in specimens obtained from mast cell tumor-bearing dogs (MCTDs) 

and sampled via fine-needle aspiration (FNA), scraping smearing (SCRA), and touch 

imprinting (TIC) 

As illustrated in Appendix 2 – Supplementary Table 2, among the 10 cases obtained 

from MCTDs via FNA (Subcat.2.1), 4 were classified as “non metastatic”, 1 as 

“possibly metastatic”, and 5 as “metastatic”. Among the 10 cases sampled with 

scraping smearing (Subcat.2.2), 2 were classified as “non metastatic”, 2 as “possibly 

metastatic”, and 6 as “metastatic”. Finally, among the 10 cases obtained via touch 

imprinting (Subcat.2.3), 4 were classified as “non metastatic”, 2 as “possibly 

metastatic”, and 4 as “metastatic”. 

According to the different counting methods applied, the median range of nodal MC 

absolute number was 94.5-620 for FNAs, 19.10-136.5 for scraping smears, and 2.25-

17.50 for touch imprints. The mean range of nodal MC absolute number was 156.3-

833.6 for FNAs, 57.83-365.8 for scraping smears, and 14.66-85.60 for touch imprints. 

The details regarding the median and mean absolute and percentage number of 

nodal MCs for each counting method in FNAs, scraping smears, and touch imprints 

are reported in Appendix 2 – Supplementary Table 5. 

When differences in the amount of nodal MCs in MCTDs were investigated on the 

basis of the sampling technique, neither Kruskall-Wallis test with Dunn’s correction 

for multiple comparisons nor Mann-Withney test for pairwise comparison revealed 

any statistically significant difference among the groups, disregarding the counting 

method applied. Nonetheless, a descending trend indicative of higher numbers of 

MCs in FNAs followed in order by cases obtained by scraping smearing and touch 

imprinting, was observed.  
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Figure 3. Nodal mast cells and sample celularity referring to specimens obtained from mast cell tumor-

bearing dogs (MCTDs) and sampled via fine-needle aspiration (FNA), scraping smearing (SCRA), and 

touch imprinting (TIC). 

 

The box represents the interquartile range, with the internal horizontal line indicating the median value. The tip of 

the upper whisker indicates the maximum value while the tip of the lower whisker reports the minimum value. 

Statistically significant differences as determined with Kruskall-Wallis test with Dunn’s correction for multiple 

comparisons, are indicated by black bars and stars. Statistically significant differences as determined with Mann-

Withney test are indicated by red bars and stars. Legend: HPFs, high power fields; MCs, mast cells; #, number of; 

*, p<0,05; **, p<0,01; ***, p<0,001; ****, p<0.0001. 

Mean cellularity showed an increasing trend, being lower in FNAs (median: 147.2) 

compared to scraping smears (median: 245.8), which in turn were characterized by 

slightly lower cellularity compared to touch imprints (median: 281.7; Appendix 2 – 

Supplementary Table 6). Kruskall-Wallis test with Dunn’s correction for multiple 

comparisons revealed a significant difference in the mean cellularity between FNAs 

and touch imprints (p<0.01), which was also observed in pairwise comparison 

performed with Mann-Whitney test (p<0.001). The application of the latter test also 

revealed a significant difference in mean cellularity between FNAs and scraping 

smears (p<0.05).  
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Spearman correlation analysis revealed a significant inverse correlation between MC 

number and cellularity in scraping smears according to all counting methods (r range: 

-0.6525 to -0.8182; p value range: 0.0047 to 0.0463) except for counting of MCs in 8 

HPFs (r: -0.6364; p value: 0.0544), and between MC number and cellularity in FNAs 

exclusively for counting over 500 cells (r: -0.6930; p value: 0.0314), although 

Spearman r coefficient was constantly negative also for the other counting methods 

(r range: -0.4085 to -0.6930; p value range: 0.0679 to 0.2153). On the contrary, 

Spearman correlation analysis did not reveal any significant correlation between MC 

number and cellularity in touch imprints, disregarding the counting method applied for 

MC quantification (r range: -0.006079 to 0.1376; p value range: 0.7026 to 0.9924). 

 

DISCUSSION 

The current study aimed to verify whether the quantification of nodal MCs is useful in 

the cytological determination of the presence or absence of MCT nodal metastasis in 

dogs. Specifically, the aim was pursued investigating the differences in the number of 

nodal MCs between non-oncoligcal dogs (NODs – Cat.1) and MCT-bearing dogs 

(MCTDs – Cat.2), as well as between cytological LN specimens obtained from 

MCTDs and  classified as “non metastatic” (Subcat.2.NM), “possibly metastatic” 

(Subcat.2.PM), and “metastatic” (Subcat.2.M). Furthermore, investigations aimed to 

verify whether the sampling technique (i.e. FNA, scraping smearing, or touch 

imprinting) influences the number of nodal MCs in cytological specimens obtained 

from MCTDs.  

Cytological LN specimens obtained from MCTDs (Cat.2) were characterized by a 

significantly higher number of MCs compared to NODs (Cat.1). This finding was in 

line with previous literature reporting that increased amounts of nodal MCs are 

suggestive of the presence of metastasis.6,104,108,117,145,159,201,204,209,230  

On the other hand, only pairwise comparisons performed with Mann-Whitney test 

revealed a signifcantly increasing trend in “non metastic”, “possibly metastatic”, and 

“metastatic” samples obtained from MCTDs. Our findings were in line with previous 

studies evaluating the amount of nodal MCs among different groups of LN cytological 

specimens obtained from MCTDs, and reporting an increasing trend in the number of 
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nodal MCs shifting from non-metastatic cases to metastatic ones.117,204 On the other 

hand, the lack of significant differences between “non metastic” and “possibly 

metastatic” cases observed with the application of Kruskall Wallis test with Dunn’s 

correction for multiple comparisons might be a consequence of the low number of 

cases classified as “possbily metastatic” (5) as well as of the cytological criteria 

applied 104,145 to classify the samples. Indeed, the criteria to be met for inclusion in 

the class "possibly metastatic" are based on the presence of occasional (i.e. ≤3) pairs 

or triplets of MCs on an entire slide, rather than on quantification of this cell type. In 

this regards, the uneven distribution of aggregated MCs among microphotographs 

investigated in the current study might have influenced our results. Despite not 

completely correct from a methodological point of view, the simultaneous application 

of statistical analyses for both mutlple and pairwise comparisons in the current study 

was justified by the preliminary nature of the current study, in view of further 

investigations aiming to verify the diagnostic accuracy of the inclusion of MC 

quantitative estimates among cytological criteria for the evaluation of nodal 

specimens obtained from MCTDs (as described in Section 2 of the current Thesis). In 

this regards, it is noteworthy that in a brief communication Fournier et al.72 reported 

that LN samples classified in a new cateogry named "high-risk metastasis”. which 

was characterized by increased  MC nuclear-cytoplasmic ratio and the presence of 

>8% MCs among all nucleated cells, showed a better correlation with one-year 

metastasis-free survival rate compared to that observed when samples were 

classified according to the system proposed by Krick et al.104 

As highlighted in the introduction, former studies which focused on the cytolgoical 

quantification of nodal MCs in dogs without health issue, affected by non-neoplastic 

conditions such as allergies, or bearing MCT  12,25,117,145,174,204 were characterized by 

different inclusion criteria, counting methods, and statistical analysis, limiting the 

comparison of their findings with our results.  

Specifically, the studies by Bookbinder et al.25 and by Bauer et al.12 reported that a 

certain amount of MCs can be present in LN obtained from healthy dogs, ranging 

from 1 to 16 and from 0 to 13, respectively.  The comparison of our results with those 

reported by Bookbinder et al. is not possible because healthy dogs were not included 
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in the current study. On the other side, Bauer et al. applied different counting 

methods of nodal MCs observing that the number of MC in LNs from dogs with 

allergies was significantly higher than that in LNs from healthy dogs.12 Considered 

that in the current study we also applied different counting methods of nodal MCs 

obtained from NODs, including one patient with allergic dermatopathy, the 

comparison of our results with those reported by Bauer et al.12 is illustrated in Table 

1.  

Table 1. Mast cell (MC) cytological estimates in LNs obtained from allergic dogs and investigated by 

Bauer et al.,12 and in LNs obtained from non-oncological dogs (NODs) and investigated in the current 

study. 

#dogs and clinical 
category evaluated 

by Bauer et al. 
(2011)  

#cases and clinical 
category evaluated 
in the current study 

Counting method 
Bauer et al. 

(2011)12 
Current work 

20 allergic dogs 
 

10 NODs 
(Cat.1) 

 

Range of MCs in 20 fields 

(mean) 
0-3 (0.5) 0-11 (1.7) 

Range of MCs over 500 

cells (mean) 
0-1 (0.2) 0 (0) 

Legend: n/a, not applied; #, number of. 

Although observed results are similar between the two compared studies, it is 

noteworthy that the comparison is not entirely appropriate because of the 

retrospective nature of our study, which forced us to include among NODs patients 

affected by different pathological non-neoplastic conditions due to the low amounts of 

LN specimens obtained from allergic dogs retrieved from our archive. With this in 

mind, it should be noted that the heterogenity in pathological conditions affecting 

NODs included in the current study (Appendix 2 – Supplementary Table 2) might 

have determined different morphological patterns of lymph node reactivity secondary 

to different immune response patterns, which in turn are not necessarily associated 

with a marked increase in the number of nodal MCs, thus potentially biasing our 

results. 

To the best of our knowledge, only 4 studies included the quantification of MCs also 

in cytological LN samples obtained from MCT-bearing dogs.117,145,174,204 

Mutz et al.145 compared MC estimates over 2000 cells in LNs obtained from healthy 

dogs (Group 1), dogs with allergic dermatopathy (Group 2), and MCT-bearing dogs 
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(Group 3). The comparison of our results regarding nodal MCs in NODs and MCTDs 

with those reported by Mutz et al.145 for allergic and MCT-bearing dogs, respectively, 

is illustrated in Table 2.  

Table 2. Mast cell (MC) cytological estimates in LNs investigated by Mutz et al.,145 and in LNs investigated 

in the current study. 

#dogs and clinical 
categories evaluated by 

Mutz et al. (2011) 

#cases and 
clinical categories 
evaluated in the 

current study 

Counting method 
Mutz et al. 

(2011)145 
Current work 

20 allergic dogs 

(Group 2) 

10 NODs 

(Cat.1) 

Median% (min-max 

range%) MCs over 2000 

cells 

0.05% 

(0-0,55%) 

0% 

(0-0,1%) 

Median (min-max range) 

MCs over 2000 cells 

1 

(0-110) 

0 

(0-2) 

20 MCTDs 

(Group 3) 

30 MCTDs 

(Cat.2) 

Median% (min-max 

range%) MCs over 2000 

cells 

0.4% 

(0-77.4%) 

0.64% 

(0-87.14%) 

Median (min-max range) 

MCs over 2000 cells 

8 

(0-1548) 

12,8 

(0-1743) 

Legend: MCTDs, MCT-bearing dogs; Median%, median of the number of mast cells expressed as the percentage 

over 2000 cells; min-max range, minimum-maximum range referred to the Median; min-max range%, minimum-

mximum range referred to the Median%; NODs, non-oncological dogs; n/a, not applied; #, number of. 

While results regarding MCTDs almost overlapped between the two compared 

studies, MC estimates reported by Mutz et al.145 for allergic dogs were higher than 

those reported for NODs in the current study. As already mentioned above about the 

study of Bauer et al.,12 this difference might be the consequence of the bias 

introduced by the heterogenity of pathological conditions affecting NODs included in 

our study.  Additionally, the logistic regression applied by Mutz et al.145 revealed that 

MCT-bearing dogs were more likely to present at least one nodal MC or >0.05% 

nodal MCs compared to healthy dogs, but not when compared with animals affected 

by allergic dermatopathy. Conversely, in the current study MCTDs showed a 

significantly higher number of nodal MCs compared to NODs. Again, our results 

might be affected by the inclusion criteria applied to NODs iincluded in the current 

study.  

Marconato et al.117 evalauted LN cytological specimens obtained from healthy dogs 

(Group 1), dogs with infectious or inflammatory diseases (Group 2), and MCT-
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bearing dogs (Group 3). The latter were subdivided into 3 subgroups: MCT-bearing 

dogs without LN metastases (Subgroup 3.1), MCT-bearing dogs with LN 

“inconclusive” for metastasis (i.e. LN cytological samples with only occasional mast 

cells; Subgroup 3.2), and MCT-bearing dogs with LN metastasis (i.e. LN cytological 

samples with replacement of normal lymphoid cells by MCs; Subgroup 3.3). 

Considered that in the current study LN samples obtained from MCTDs were 

similarly classified as “non metastatic”, “possibly metastatic”, and “metastatic” 

according to Appendix 2 – Supplementary Table 1, the comparison of our results with 

those reported by Marconato et al.117 is illustrated in Table 3.  

Table 3. Mast cell (MC) cytological estimates in LNs investigated by Marconato et al.,117 and in LNs 

investigated in the current study. 

#dogs and clinical 
categories evaluated by 
Marconato et al. (2008) 

#cases and clinical 
categories evaluated in the 

current study 

Marconato et al.  

(2008)117 

Mean%* (min-max 

range*) MCs over 

2000 cells 

Current work 

Mean% (min-max 

range) MCs over 

2000 cells 

31 dogs with Inf/non-npl 

(Group 2) 

10 NODs 

(Cat.1) 

0,01% (0-0,1) 0,01% (0-2) 

5 MCTDs without LN 

metastasis 

(Subgroup 3.1) 

10 “non metastatic” nodal 

samples from MCTDs 

(Subcat.2.NM) 

0,07% (0,1-0,3) 0,05% (0-2.91) 

4 MCTDs with LN inconclusive 

for metastasis** 

(Subgroup 3.2) 

5 “possibly metastatic” nodal 

samples from MCTDs 

(Subcat.2.PM) 

2,4% (0.8-2,8) 0,47% (4.84-16.82) 

18 MCTDs with LN metastasis 

(Subgroup 3.3) 

15 “metastatic” nodal samples 

from MCTDs 

(Subcat.2.M) 

47,1% (0,4-98,86) 30,60% (6.98-1743) 

Legend: inf/non-npl, infectious/inflammatory non neoplastic conditions; LN, lymph node; MCTDs, MCT-bearing 

dogs; Mean%, mean of the number of mast cells expressed as the percentage over 2000 cells; min-max range, 

minimum-maximum range; NODs, non-oncological dogs; n/a, not applied; std dev, standard deviation of the 

mean; #, number of; *reported as the least square mean; **, defined as LN cytological samples with only 

occasional mast cells. 

Nodal MC esitimates observed in the current study were in line with those reported 

by Marconato et al.117 for NODs, MCTDs without LN metastasis, and MCTDs with LN 

metastasis. On the other hand, we observed lower numbers of nodal MCs in MCTDs 
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with “possibly metastatic” LN compared to MCTDs with LN inconclusive for 

metastasis evaluated by Marconato et al. This difference might be the consequence 

of the different cytological evaluation criteria applied for the determination of the LN 

metastatic status between the two different studies, highlighting that the comparisons 

of the results from the two studies is not completely appropriate. Indeed, while 

Marconato et al. determined the LN metastatic status mainly on the basis of MC 

amounts, in the current study we applied a cytological interpretative system which 

was mainly based on the evaluation of MC tendency to aggregation (Appendix 2 – 

Supplementary Table 1). Nonehteless, Marconato et al. also reported that MCT-

bearing dogs with LN metastasis had a significantly higher number of nodal MCs 

compared to healthy dogs, dogs affected by non-neoplastic infectious-inflammatory 

conditions, and MCT-bearing dogs without LN metastasis and with LN inconclsuive 

for metastasis. No significant differences emerged between any of the other groups 

and subgroups. Similar results were observed also in the current study when Kruskall 

Wallis test with Dunn’s correction for multiple comparisons was applied, as illustrated 

in Figure 2 and Appendix 2 – Supplementary Figure 3. Anyway, it is noteworthy that 

the additional differences among evaluated groups observed in our study might be 

the consequence of the aplication of Mann-Whitney test for pairwise comparisons, 

which is characterized by an increased power compared to statistical tests for 

multiple comparisons (such as ANOVA with Tukey’s correction for multiple 

comparison used in the study by Marconato et al.).  

In their study, Sulce et al.204 investigated the amount of nodal MCs over 1000 cells in 

12 LNs obtained from MCTDs and classified according to the cytological 

interpretative system proposed by Krick et al.104 The comparison of our results with 

those reported by Sulce et al.204 is illustrated in Table 4. 
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Table 4. Mast cell (MC) cytological estimates in LNs investigated by Sulce et al.,204 and in LNs 

investigated in the current study. 

#samples according to 
metastatic status evaluated by 

Sulce et al. (2018) 

#cases according to 
metastatic status evaluated in 

the current study 

Sulce et al. 

(2018)204 

Min-max range% 

of MCs over 1000 

cells 

Current work 

Min-max range% 

of MCs over 1000 

cells 

3 LNs with “reactive lymphoid 

hyperplasia”* from MCTDs 

10 “non metastatic” nodal 

samples from MCTDs 

(Subcat.2.NM) 

0%-0.2% 0%-0.26% 

2 LNs with “possible metastasis”* 

from MCTDs 

5 “possibly metastatic” nodal 

samples from MCTDs 

(Subcat.2.PM) 

2%-6% 0.20%-0.75% 

7 LNs with “probable 

metastasis”* or “certain 

metastasis”* from MCTDs 

15 “metastatic” nodal samples 

from MCTDs 

(Subcat.2.M) 

1.6%-88.8% 0.43%-87.71% 

Legend: LN, lymph node; MCTDs, MCT-bearing dogs; Min-max range%, minimum-maximum percentage number 

of MCs over 1000 cells; #, number of; *, determined according to criteria by Krick et al.104 

While MC estimates reported by Sulce et al.204 for LN samples classified as “reactive 

lymphoid hyperplasia” and “probable” or “certain metastasis” overlapped almost 

perfectly with those reported in the current study, our results for “possibly metastatic” 

LNs were markedly lower than those observed by Sulce et al. This latter finding might 

be the consequence of the different number of cases evaluated in each study, or of 

the difference in sampling techniques applied (4/5 specimens included in the current 

studies were sampled via scraping smearing or touch imprinting while those from 

Sulce et al. were all FNAs). Alternatively, our lower number of MCs might be due to 

the fact that 4/5 LNs classified as “possibly  metastatic” in the current study were 

clinically non-palpable/normal-sized SLN, suggesting that the metaststic process 

might have been in its first pahses. Nonetheless, no data reagrding the size of LNs 

investigated by Sulce et al. were avaialable to verify this hypothesis.  

Finally, Sabattini et al.174 applied semi-quantitivative estimation of MCs in 28 LN 

cytological samples obtained from MCT-bearing dogs and histologically classified as 

HN2 or HN3, finding variable proportions of MCs ranging from <10% to >50%. 
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Unfortunately, MC estimates were evaluated on the entire slides and only aggregated 

data were reported in the paper, thus making not possible the comparison with our 

results.  

To the best of our knowledge, this is the first study quantifying MCs in cytological 

nodal specimens from MCTDs sampled with different techniques. The differences in 

the number of MCs among the different sampling techniques were not statistically 

significant neither with the application of Kruskall Wallis test with Dunn’s correction 

for multiple comparisons nor with Mann-Whitney test for pairwise comparisons. This 

observation suggests that the sampling technique applied do not have influence on 

the cytological evaluation of LN metastatic status in MCT-bearing dogs, thus opening 

the road to future investigations on the intraoperative use of cytology for the 

evaluation of surgically extirpated SLNs. Nontheless, the fact that none of the lymph 

nodes from MCTDs had been sampled according to all three different methods may 

had markedly limited the reliability of the results related to the effects of the sampling 

technique. Additionally, it is noteworthy that the cytological diagnosis for the scraping 

smear and the touch imprint obtained from the same lymph node was not consistent 

in 3 cases (coupled case IDs #4-#5, #25-#26, and  #12-#13). For all these cases, the 

histopathological diagnosis was available for comparison, revealing that in two cases 

the correct diagnosis was moderately to significantly underestimated in scraping 

smears (coupled case IDs #25-#26, and  #12-#13) while in the other case a partially 

incorrect diagnosis was provided for the touch imprint (coupled case IDs #4-#5). This 

finding underlyes the need of further studies aiming to validate the diagnostic 

accuracy of cytology and to clarify which factors influence the cytological diagnosis of 

LNs obtained from MCT-bearing dogs. 

The observed decreasing trend in the number of MCs from FNAs to touch imprints 

might be explained by potential correlations between the size of sampled LNs and 

their metastatic status. Specifically, at least 8/10 FNAs obtained from MCTDs were 

reported as megalic, of which 1 was classified as “possibly metastatic” and 3 as 

“metastatic”. It is therefore likely that in these cases, lymphdenomegaly which led to 

clinical sampling with FNA was determined by the invasion of the LNs by metastasis, 

with a consequent marked increase in the number of MCs. On the contrary, most of 
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the cases sampled via scraping smearing or touch imprinting were obtained from 

clinically non-palpable/normal-sized SLNs (15/20), disregarding their metastatic 

status. This observation might be the consequence that the majority of the LNs 

sampled via scraping smearing or touch imprinting and classified as “metastatic” had 

been surgically extirpated at an earlier stage of metastatic invasion, prior to 

lymphadenomegaly development.   

When the mean cellularity was investigated among the groups evaluated in the 

current study, the only significant differences were observed between FNAs and 

touch imprints and, with Mann-Whitney test, also between FNAs and scraping 

smears. The lower cellularity of scraping smears compared to touch imprints could 

have resulted from a greater number of cells broken as a result of the traumatic 

action on the neoplastic cells during smear preparation, although the literature 

reports that the scraping smears ensures an increased cellularity compared to 

FNA.48,229 Additionally, when the correlation between estimates of nodal MCs and 

mean cellularity of each group was investigated, a significant inverse correlation was 

almost constantly observed for MCTDs in general, for cases obtained from MCTDs 

and classififed as “metastatic”, and for scraping smears, disregarding the counting 

method applied. These signifcant correlations observed might be correlated to the 

number of MCs in the lymph node and their bigger size compared to lymphocytes. 

Indeed, MCs are large cells which occupy more space than lymphocytes within each 

HPF, thus reducing the space for other cells and leading to a lower mean cellularity. 

This hypothesis was further supported by the observation that a significant Spearman 

correlation was revealed for almost all counting methods applied in scraping smears 

and for counting over 500 cells in FNAs, which were the groups including the highest 

numbers of cases classsified as metastatic (6 and 5, respectively). The analysis of 

MC estimates and mean cellularity after re-grouping of cases obtained from MCTDs 

according to both the sampling tehcnique and the metastatic status would have 

further clarified the reasons of these correlations. Unfortunately, this regrouping of 

cases would have reduced too much the number of cases for each group, not 

allowing reliable statistical analyses.  
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It is noteworthy that the statistically significant differences observed among the 

evaluated groups, were maintained disregarding the counting method applied for MC 

quantification. Counting methods “over cells” are still considered more reliable 

because are based on a proportionality ratio that, at least theoretically, is not affected 

by the extremely variable cellularity that can characterize cytological samples.117,145 

Nonetheless, our findings open the road to the application of counting methods “per 

field” in further investigations aiming to verify the diagnostic accuracy of the inclusion 

of MC quantitative estimates among cytological criteria for the evaluation of nodal 

specimens obtained from MCTDs (as described in Section 2 of the current Thesis). 

Indeed, counting “per fields” might markedly reduce the time needed for MC 

quantification compared to counting methods “over cells”. This hypothesis might be 

supported by the wide range of microphotographs used in the current study to gain 

the 2000 cell cut-off (5-19 microphotographs; Appendix 2 – Supplementary Table 2). 

Other strengths of the current study are the application of numerous different 

counting methods, which could improve the comparison of our results with those from 

potential future studies by other investigators, as well as the quantification of MCs in 

microphotographs rather than directly at the microscope, which could improve the 

standardization of future interrater agreement investigations. 

The lack of systematical comparison of the cytological evaluation of the LN 

metastatic status with the corresponding histological one represents the major 

limitation of the current work, given that the latter still represents the reference 

diagnostic standard.6,71,104,108,119,145,150 This limitation is supported by the observation 

that the agreement between cytological and histological diagnosis was not perfect for 

those cases evaluated with both techniques (82.61%), and by the fact that in 3 cases 

the cytological diagnosis for the scraping smear and the touch imprint obtained from 

the same lymph node was not consistent. These discrepances highlight the presence 

of some diagnostic bias which could have limited the reliability of our findings. 

The retrospective nature of the study and the experimental design determined a 

number of further limitations. Firstly, the disparity in the number of cases assigned to 

each of the distinct subcategories according to the cytological diagnosis may have 

influenced the statistical significance of differences observed among different groups. 
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This limitation is related to the inclusion criteria which were applied in this form to 

avoid bias resulting from subjective selection of cases. Nonetheless, many subjects 

have been excluded due to inaccurate information regarding their clinical history, 

thus introducing a certain degree of selection bias. Another limitation that may have 

affected the results by introducing a fair degree of variability, is the different 

anatomical location of evalauted LNs. Nonetheless, to the best of our knowledge, the 

literature does not report whether there are differences in the amount of MC normally 

present in dog LNs according to the anatomical location.   

In conclusion, the current preliminary study revealed that MC quantification in LN 

cytological samples obtained form MCTDs might be useful to determine the nodal 

metastatic status. This conclusion is particularly true in view of the inclusion of nodal 

MC quantitative estimation in the current system for cytological evaluation of LNs 

proposed by Krick et al.,104 which is mainly based on morphological and aggregation 

criteria rather than on the quantification of MCs. However, this proposal needs to be 

verified in more detailed studies of diagnostic accuracy (such as the one illustrated in 

the Section 2 of the current Thesis), since in the present work histological diagnosis 

was available only for a limited subset of cases. Although limited by the lack of the 

application of the 3 different sampling techniques on the same LN, our findings 

suggest that a specific sampling technique does not influence the number of nodal 

MCs. Therefore, future studies aiming to test the diagnostic accuracy of cytology 

could include specimens obtained with a different sampling technique, without 

theoretically biasing the results. Finally, it is noteworthy that all the differences found 

in this study were always maintained between the different groups investigated 

regardless of the counting method applied. This observation opens the road to the 

use of counting methods “per fields” in future studies, which could significantly speed 

up cytological evaluation times compared to counting methods “over cells”.  
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SECTION 2 - Investigations on the interrater 

agreement and the diagnostic accuracy of 

cytology in the evaluation of lymph nodes 

obtained from mast cell tumor-bearing dogs 
 

MATERIAL AND METHODS 

Case selection from the archives 

The current study has been conducted according to STARD guidelines.27  

Canine cytological nodal samples collected between January the 1st, 2008 and July 

the 31st, 2019 were retrospectively recovered from the electronic database of the 

Diagnostic Pathology Service of the Department of Veterinary Medicine (DIMEVET) 

of the University of Milan, using the keywords “lymph node” and “dog”. A consecutive 

series of cytological specimens was thus obtained. According to the medical record 

of each selected dog, those cytological nodal specimens obtained from patients 

lacking a clinical history of MCT, not bearing a MCT at the time of submission, 

simultaneously bearing a MCT and another kind of neoplasm at the time of 

submission, or lacking a detailed clinical history, were excluded from the study 

(Appendix 3 – Supplementary Figure 1 – category A).  

Each cytological sample was defined as a single and independent “case” on the 

basis of the sampled LN and of the sampling technique (i.e. sampling of multiple LNs 

from the same dog and/or sampling of the same LN from the same dog with different 

techniques were not considered as exclusion criteria).    

The electronic database of the Diagnostic Pathology Service of the DIMEVET was 

then mined to recover histopathological samples matching to the same LNs 

cytologically sampled. Those cytological cases for which an histopathological LN 

specimen was not available in general (category B.1) and those for which 

histopathological specimens were obtained from LNs other than the ones 

cytologically sampled (category B.2), were excluded from the study. Additionally, all 

those cases for which >2 months elapsed between cytological and histopathological 
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evaluation (category B.3) as well as those whose perfectly matching 

histopathological specimens were obtained through incisonal biopsy or needle-core 

biopsy (category B.4), were also excluded from the study. Cases fulfilling the above 

mentioned inclusion criteria were considered as eligible in the study.  

Those cytological cases for which at least one cytological and one histological slide 

were not available for review (category C.1 and C.2, respectively), were excluded 

from the study. All cytological slides used in the current study had been air-dried and 

manually stained with May-Grünwald-Giemsa (Merck KGaA, Frankfurt, Germany). All 

the samples for histopathology had been fixed in 10% buffered formalin for at least 

24 hours, followed by routine processing and inclusion in paraffin. For each formalin-

fixed paraffin-embedded (FFPE) sample, at least two 5-micron sections were cut and 

stained with hematoxylin-eosin and with Giemsa, respectively.   

All cytological and histopathological slides were reviewed at low- and intermediate-

power magnification (i.e. 10x and 20x, respectively) to assess specimen adequacy. 

Those cytological cases which corresponding histopathology revealed the presence 

of a neoplasm other than a MCT (e.g. lymphoma) or the absence of tissue consistent 

with lymph node, were excluded from the study (category D). Similarly, also those 

cytological cases assessed as inconclusive (i.e. acellular, hemodiluted, incorrectly 

smeared samples, or samples with suboptimal staining or containing only tissues 

other than lymphoid tissue such as fat, connective tissue, salivary gland, etc.), were 

excluded from the study (category E). At the end of the review process, only the best 

cytological slide in terms of cellularity and lack of overlapping of cells among the 

available ones for each case, was selected for further investigations. As an example, 

each touch imprint cytological slide should have included at least two imprints. 

For each case included in the study, details regarding each sampled LN (including 

location, size, classification as regional or sentinel LN, and sampling technique 

applied for collection of cytological specimens – i.e. FNA, scraping smearing, or 

touch imprinting) and signalment data referring to dogs from which they were 

obtained (i.e. breed, sex, age, and number and location of primary MCT) were 

collected whenever available (Appendix 3 – Supplementary Table 1). All inclusion 
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criteria applied in the current study are summarized in Appendix 3 – Supplementary 

Figure 1. 

 

Independent evaluation of cytological and histopathological specimens 

Each cytological case was then randomized and blinded for signalment data and 

details regarding the sampled LN. Cases were then independently evaluated by five 

investigators: an undergraduate student routinely involved in the Cytopathological 

Diagnostic Service of the DIMEVET (Reader 1), a first year PhD student routinely 

involved in the Hematology Diagnostic Service of the DIMEVET (Reader 2), a second 

year PhD student and ECVP trainee routinely involved in the Cytopathological 

Diagnostic Service of the DIMEVET (Reader 3, the Ph.D. candidate), a second year 

PhD student and ECVP trainee occasionally involved in the Cytopathological 

Diagnostic Service of the DIMEVET (Reader 4), and an ECVP-diplomate who is the 

Diagnsotic Leader of the Cytopathological Diagnostic Service of the DIMEVET 

(Reader 5) . Each Reader was exclusively aware of the fact that all cytological 

specimens were obtained from dogs with a clinical history of MCT or bearing a MCT 

at the time of submission. Each Reader was provided with an Excel table (Microsoft 

Corporation, 2018) with specific features that had to be evaluated (Excel tables 

containing the results of the evaluation by each Reader available upon request), 

which included the evaluation/quantification of:  

 Sample cellularity (over the entire slide): semiquantitative evaluation to be 

expressed as +, ++, or +++;  

 effacement of lymphoid tissue (i.e. replacement of at least 50% normal lymphoid 

cells by MCs over the entire slide): to be expressed as yes or no (Appendix 1 – 

Supplementary Figure 1);  

 number of aggregates of MCs composed by >3 MCs (over the entire slide): to be 

quantified in detail from 0 to 5, or as >5 (Appendix 1 – Supplementary Figure 1); 

 number of couples of MCs (over the entire slide): to be quantified in detail from 0 

to 3, or as >3 (Appendix 1 – Supplementary Figure 1); 
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 number of triplets of MCs (over the entire slide): to be quantified in detail from 0 to 

3, or as >3 (Appendix 1 – Supplementary Figure 1); 

 number of discrete, morphologically normal (i.e. without cellular atypies) MCs 

(over 8 “hot spot-choosen” HPFs): to be quantified in detail for each HPF from 0 

to 8, or as >8; 

 number of discrete, atypical MCs (over 8 “hot spot-choosen” HPFs): to be 

quantified in detail for each HPF from 0 to 8, or as >8; 

 cellular atypies observed in atypical MCs (i.e. bi- and multinucleation, nuclear 

pleomorphism, nuclear-cytoplasmic ratio >1:1, nuclear-cytoplasmic ratio 

<1:1,anisokaryosis, anisocytosis, variable/reduced cytoplasmic granulation): to be 

expressed as yes or no for each type; 

 eosinophils (over the entire slide): semiquantitative evaluation to be expressed as 

+, ++, or +++;  

 background granularity (over the entire slide; exclusively considering 

metachromatic granules of MC origin): semiquantitative evaluation to be 

expressed as +, ++, or +++;  

 presence/absence of reactive lymphadenopathy (i.e. increased number of 

medium- and large-size lymphocytes, plasma cells, etc, according to Raskin et 

al.166): to be expressed as yes or no, disregarding all the aformentioned 

parameters.  

Specifically, “hot spot-choosen” HPFs were defined as 8 fields at 400x magnification, 

not necessarily consecutive, and characterized by the best balance among highest 

possible cellularity, lack of cell overlapping, best cell preservation, and highest 

possible amount of MCs. In view of saving time, each Reader was left free to use the 

same 8 HPFs for counting morphologically normal and atypical MCs. For touch 

imprints, each Reader was asked to evaluate all the imprints to express a judgement 

for those parameters to be evaluated “over the entire slide”, and was still left free to 

choose the 8 HPFs to quantify morphologically normal and atypical MCs. Examples 

of morphological features evaluated to classify the cytological cases are illustrated in 

Appendix 1.  
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Histopathological samples were collaboratively reviewed by 3 anatomical 

pathologists (2 ECVP-diplomates and 1 non ECVP-diplomated) routinely involved in 

the Histopathological Diagnostic Service of the DIMEVET, and classified according to 

the criteria proposed by Weishaar et al.,234 as illustrated in Chapter 3 Introduction – 

Table 1 and in Appendix 1 – Supplementary Figure 2. Specifically, the 3 anatomical 

pathologists were exclusively aware of the fact that all specimens were obtained from 

dogs with a clinical history of MCT or bearing a MCT at the time of submission. 

 

Expression of cytological diagnosis according to interpretative system proposed by 

Krick et al. 104 and to an arbitrarily amended version of the same interpretative 

system (“Amendment 1”) 

On the basis of data reported in the Excel table, each Reader was asked to establish 

the cytological diagnosis for each case according to the interpretative criteria 

previously reported by Krick et al. (Chapter 3 Introduction – Table 2),104 and 

according to an arbitrarily amended version of the system by Krick et al., proposed by 

our research group and named “Amended 1” system (AM1 system), as illustrated in 

Table 1 below.   

 

Table 1. Criteria of an arbitrarily amended system (AM1 system) for the cytological evaluation of nodal 

metastasis in MCT-bearing dogs proposed by our research group. 

Amended 1 (AM1) system – Cytological criteria Diagnosis 

 0-1  couple or triplet of MCs / entire slide 

 0-3 discrete, atypical MCs (bi- or mutlinucleation, nuclear pleomorphism, altered N:C ratio, 

anisokaryosis, anisocytosis, variable/reduced cytoplasmic granulation) / 8 HPFs  

 0-3 discrete, normal MCs/HPF/8 HPFs (alternatively, 0-24 normal MCs/8 HPFs) 

Non 

metastatic 

(NM) 

 1 aggregate of >3 MCs / entire slide 

 2-3  couples or triplets of MCs / entire slide 

 4-7 discrete, atypical MCs / 8 HPFs 

 4-7 discrete, normal MCs/HPF/8 HPFs (alternatively, 25-56 normal MCs/8 HPFs) 

Possibly 

metastatic 

(PM) 
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Amended 1 (AM1) system – Cytological criteria Diagnosis 

 Effacement of lymphoid tissue by MCs (i.e. >50% MCs on the total cellular amount/entire 

slide) 

 ≥2 aggregates of >3 MCs / entire slide 

 ≥4  couples or triplets of MCs / entire slide 

 ≥8 discrete, atypical MCs / 8 HPFs 

 ≥ 8 discrete, normal MCs/HPF/8 HPFs (alternatively, ≥57 normal MCs/8 HPFs)  

Metastatic 

(M) 

To express a specific diagnosis, the fulfilling of at least one of the criterion was considered necessary and 

sufficient. Legend: HPF, high power field (i.e. x400); MCs, mast cells; N:C, nuclear cytoplasmic ratio. 

The rationale applied to set criteria included in AM1 is reported in Appendix 3 – 

Supplementary Section 1.  

After each of the Readers had established the cytological diagnosis according to all 

the cytological intepretative systems included in the current study, two evaluators 

(Reader 1 and Reader 3) jointly verified that the criteria reported in the different 

systems had been strictly applied. Any discrepancies between each Reader and the 

two evaluators in the choice of the class to be assigned to each cytological case, 

were discussed collectively until an agreement upon the final diagnosis to assign was 

reached. 

Data regarding sample cellularity, cellular atypies observed in atypical MCs, 

eosinophils, and background granularity were not evaluated in details in the current 

work thesis as their evaluation was not included in any of the cytological 

interpretative systems applied in the current study. Conversely, according to the 

criteria reported in the system by Krick et al.,104 attempts to take into account the 

presence or absence of reactive lymphadenopathy were performed. However, during 

revision of diagnoses expressed by each Reader, several discrepancies regarding 

the assignment of “normal” and “reactive lymphoid hyperplasia” diagnosis were 

observed, due to the fact that the system by Krick et al. do not contemplate the 

possibility of observing few scattered, morphologically normal MCs in a non-reactive 

nodal specimen. Therefore, to standardize as much as possible the diagnosis 

expressed by the Readers, a diagnosis of “normal” was assigned in all those cases 

not falling within “possible metastasis”, “probable metastasis”, or “certain metastasis” 

diagnoses, and characterized by complete absence of discrete, normal MCs. On the 



104 
 

other hand, a diagnosis of “reactive lymphoid hyperplasia” was assigned in all those 

cases not falling within “possible metastasis”, “probable metastasis”, or “certain 

metastasis” diagnoses, and characterized by the presence of discrete, normal MCs. 

 

Interrater agreement evaluation 

The interrater agreement among the 5 Readers when the diagnosis was expressed 

according to the 5 interpretative classes proposed by Krick et al., was investigated 

calculating free-marginal kappa coefficient with an online calculator 

(http://justusrandolph.net/kappa/).     

According to the preliminary study performed by our research group on MC 

quantification in canine nodal cytological specimens illustrated in Section 1 of the 

current Thesis, free-marginal kappa coefficient was calculated also reducing the 

system proposed by Krick et al.104 into a 3-classes simplified version, as described in 

Appendix 2 – Supplementary Table 1. Specifically, “normal” and “reactive lymphoid 

hyperplasia” classes proposed by Krick et al. were grouped together and renamed 

“non-metastatic” (NM), “possible metastasis” was renamed as “possibly metastatic” 

(PM), and “probable metastasis” and “certain metastasis” classes were grouped 

together and renamed “metastatic” (M). No changes to the cytological interpretative 

criteria proposed by Krick et al.104 were applied. 

Finally, free-marginal kappa coefficient was calculated to evaluate the interrater 

agreement after establishment of the cytological diagnosis applying criteria proposed 

by our research group in the AM1 system.   

To investigate the interrater agreement in further details, weighted kappa coefficient 

was also calculated for pairwise comparison of each couple of Readers using 

GraphPad QuickCalcs website (https://www.graphpad.com/quickcalcs/kappa1/).  

According to previous literature,126 results of kappa coefficient calculation were 

interpreted as follows: 0-.20, no agreement; .21-.39, minimal agreement; .40-.59, 

weak agreement; .60-.79, moderate agreement; .80-.90, strong agreement; >.90, 

almost perfect agreement.  

http://justusrandolph.net/kappa/
https://www.graphpad.com/quickcalcs/kappa1/
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Statistical analysis for diagnostic accuracy evaluation 

For each case, both cytological diagnoses expressed according to the criteria 

proposed by Krick et al.104 and to the AM1 system by each Reader, were tabulated 

with the corresponding histopathological diagnosis for comparison. Specifically, for 

the cytological diagnosis expressed according to the criteria by Krick et al.,104 the 3-

classes simplified version illustrated in Appendix 2 – Supplementary Table 1 was 

used to allow and facilitate the comparison with the histopathological diagnosis. 

Similarly, to allow and facilitate the comparison of the cytological diagnoses with the 

histopathological ones, HN2 and HN3 classes were grouped together in the class 

HN2/3, according to previous literature widely recognizing the corresponding 

histological findings as indicative of nodal metastasis in MCT-bearing 

dogs.65,119,156,174,204,234 

When not explicitly stated, the statistical analyses listed and described in the 

following paragraphs have been performed for the cytological diagnosis expressed 

according to both the 3-classes simplified version of the system by Krick et al.,104 and 

the AM1 system. 

Overall percentage agreement between cytology and histopathology was then 

evaluated for each Reader. Cases were classified as “in complete agreement” (CA) 

with histopathology when a NM, PM, or M cytological diagnosis corresponded to a 

HN0, HN1, or HN2/3 histological diagnosis, respectively. All the other combinations 

of cytological and histological diagnosis were classififed as “not in agreement” (NA). 

This choice was based on the observation of some kind of overlapping in 

morphological features between cytological cases with “possible metastasis” and 

histological cases classified as HN1, both characterized by a slight increase in nodal 

MCs which is not sufficient per se to definitely diagnose a LN specimen as 

metastatic. Percentage agreement with histopathology was also calculated grouping 

the cases on the basis of the corresponding histological diagnosis or of the sampling 

technique through which they were obtained. Finally, median percentage agreement 

among the Readers was calculated for all the aforementioned comparisons between 

cytological and histological diagnosis. Furthermore, for each Reader and for the 

median among the 5 Readers, Chi-squared test for the comparison of proportions 
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was applied using Medcalc online calculator 

(https://www.medcalc.org/calc/comparison_of_proportions.php) to investigate the 

presence of statistically significant differences in the percentage agreement grouping 

cytological cases on the basis of the corresponding histological diagnosis or of the 

sampling technique. Statistical significance was set at p<.05. 

For those cytological cases sampled from the same LN applying different techniques 

(e.g. touch imprinting and scraping smearing), the concordance between the 

cytological diagnoses of the different samples was further investigated on the basis 

of each applied cytological interpretative system. Specifically, complete intersampling 

coherence was defined when the diagnoses for all the 2 or 3 sampling techniques 

were in agreement among each other. Complete intersampling coherence was 

further distinguished on the basis of the correctness of the diagnoses compared to 

the histological reference standard. Partial intersampling coherence was defined 

exclusively for those cases sampled with all the 3 different techniques, and was 

further distinguished on the basis of the number of techniques which were in 

agreement with histology (i.e. 2 or 1 out of 3). Finally, intersampling inchoerence 

could have been observed exclusively for those cases sampled with 2 different 

techniques, among which one diagnosis was right and the other was wrong.  

The agreement between cytology and histopathology was further investigated as 

previously proposed 207,233 tabulating data in a 3x3 contingency table and calculating 

weighted kappa coefficient using GraphPad QuickCalcs website 

(https://www.graphpad.com/quickcalcs/kappa1/). After calculating the median of 

cases for each cell of the 3x3 contingency tables, the median weighted kappa 

coefficient among the 5 readers was also calculated. Resulting kappa coefficients 

were interpreted as described above.   

To allow calculation of diagnostic accuracy indexes (i.e. overall accuracy, sensitivity, 

specificity, positive predictive value, and negative predictive value), HN1 

histopathological diagnoses were considered as not actually indicative of metastasis 

according to previous literature,65,73,84,120,156,204,234 and were therefore considered as 

“negative for metastasis” being grouped with HN0 diagnoses in the class HN0/1. 

Conversely, no clear consensus exists in the literature whether those cases classified 

https://www.medcalc.org/calc/comparison_of_proportions.php
https://www.graphpad.com/quickcalcs/kappa1/
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as “possible metastasis” according by Krick et al., should be considered as actually 

indicative of metastasis or not.73,104  To maintain consistency with the aforementioned 

choice of considering cytological cases classified as PM in perfect agreement with 

the paired FFPE specimen when histological diagnosis was HN1, in the current work 

cases classified as “possibly metastatic” were considered as negative for metastasis 

(“best case scenario”). Nonetheless, given the issue of the correct biological 

interpretation of those cytological samples diagnosed with “possible metastasis”, 

diagnostic accuracy indexes were also calculated alternatively considering those 

cytological specimens as positive for metastasis in view of further studies regarding 

this topic (“worst case scenario”). These data are provided exclusively as 

supplementary material in Appendix 3 – Supplementary Table 9, and will not be 

taken into account neither in the results nor in the discussion of this Section.  

For both cytological interpretative system (the one proposed by Krick et al. and the 

AM1 system), each cytological diagnosis of each Reader was tabulated with the 

corresponding histological one. Then, considering histological diagnosis as the 

reference standard, cytological cases were classified as True Positive (TP) when 

correctly diagnosed as positive for metastasis, True Negative (TN) when correctly 

diagnosed as negative for metastasis, False Positive (FP) when diagnosed as 

positive for metastasis with a corresponding histological diagnosis indicative of lack 

of metastasis, and False Negative (FN) when diagnosed as negative for metastasis 

with a corresponding histological diagnosis indicative of actual metastasis. Results of 

comparison were then included in a 2x2 contingency table and used to perform 

McNemar’s test to verify whether a test bias (i.e. a significant difference in the 

proportion of positive responses to each test) was present.233 McNemar’s test was 

performed through an online calculator 

(https://www2.ccrb.cuhk.edu.hk/stat/confidence%20interval/McNemar%20Test.htm), 

setting statistical significance at p<.05.  

Diagnostic accuracy indexes with their relative 95% confidence interval (CI) were 

calculated using Medcalc online software 

(https://www.medcalc.org/calc/diagnostic_test.php). Briefly, accuracy was defined as 

the ability of cytology to correctly diagnose a case and was calculated as 

https://www2.ccrb.cuhk.edu.hk/stat/confidence%20interval/McNemar%20Test.htm
https://www.medcalc.org/calc/diagnostic_test.php
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(TP+TN)/(TP+FN+FP+TN). Sensitivity was defined as the probability of cytology to 

correctly detect the presence of metastasis and was calculated as TP/(TP+FN). 

Specificity was defined as the probability of cytology to correctly detect the absence 

of metastasis and was calculated as TN/(FP+TN). Positive predictive value was 

defined as the probability of actually having a metastasis with a cytological positive 

diagnosis and was calculated as TP/(TP+FP). Negative predictive value was defined 

as the probability of actually being free from metastasis with a cytological negative 

diagnosis and was calculated as TN/(FN+TN).  

Finally, after calculation of the median number of TP, TN, FP, and FN, McNemar’s 

test and diagnostic accuracy index calculation were repeated to determine the 

median value of these statistical parameters among the five readers.  

According to previous literature,24,207 each percentage value regarding both 

percentage agreement and diagnostic accuracy indexes was evalauted as follows: 

<70%, low; ≥70% - <80%, moderate; ≥80% - <90%, high; ≥90%, very high.  

 

Setting of additional amended cytological interpretative systems with ROC curves 

and evaluation of the corresponding diagnostic accuracy indexes.  

For each of the quantifiable parameters included in AM1 system (i.e. aggregates 

composed by >3 MCs, couples and triplets of MCs, discrete atypical mast cells, and 

discrete normal MCs), the median value for each case among the 5 Readers was 

calculated, and a receiver operating characteristic (ROC) curve was then designed. 

Specifically, 2 different sets of ROC curves were built with the SPSS software (IBM 

Corp. Released 2019. IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY: 

IBM Corp). 

The first set of ROC curves aimed to establish the optimal cut-off for each 

quantifiable parameter associated with the shifting from HN0 diagnosis to HN1 

diagnosis, and with the shifting from HN1 diagnosis to HN2/3 diagnosis. Therefore, 

ROC curves were designed twice. In the first test, a ROC curve for each quantifiable 

parameter was built taking into account only cases with a corresponding histological 
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diagnosis of HN0 and HN1, considering HN1 diagnosis as positive. In the second 

test, a ROC curve for each quantifiable parameter was built taking into account only 

cases with a corresponding histological diagnosis of HN1 and HN2/3, considering 

HN1 diagnosis as positive. Resulting optimal cut-offs were then used to create an 

additional 3-classes based amendment of the AM1 system (named as “Amendment 

1.1” – AM1.1).  

The second set of ROC curves aimed to establish the optimal cut-off for each 

quantifiable parameter associated with the shifting from HN0/1 diagnosis to HN2/3 

diagnosis. Therefore, a ROC curve for each quantifiable parameter was built taking 

into account all the cases, considering HN2/3 diagnosis as positive. Resulting optimal 

cut-offs were then used to create a 2-classes based amendment of the AM1 system 

(named as “Amendment 1.2” – AM1.2). 

For each set of ROC curves, the optimal cut-off was established exclusively for those 

quantifiable parameters which p value was <.05. The area under the curve (AUC) 

was additionally used as an indicator of the accuracy of the analysis, being 

interpreted as follows: ≤0.50, test fail; 0.51-0.69, poor test; 0.70-0.79, fair test; 0.80-

0.89, good test; 0.90-0.99, excellent test; 1.0, perfect test.87 The optimal cut-off for 

the selected parameters which passed significance test was then chosen on the 

basis of the maximum Youden index (corresponding to the maximized sensitivity and 

specificity). The value of the optimal cut-off was then used to amend cytological 

interpretative system exclusively if reliable from a biological point of view according to 

previous literature.  

After establishment of AM1.1 and AM1.2 systems, each Reader was asked again to 

establish a diagnosis according to each of the 2 amended systems on the basis of 

the data included in the corresponding Excel evaluation table. After revision of the 

diagnoses by two of the investigators (Reader 1 and Reader 3), the diagnostic 

accuracy indexes of both AM1.1 and AM1.2 system were calculated for each Reader 

and according to the median number of TP, TN, FP, and FN among the 5 Readers. If 

any of the median diagnostic accuracy indexes of AM1.1 and AM1.2 was evaluated 

as low, or if its evalaution was reduced twice compared to the corresponding index 

referring to the 3-classes simplified version of the system by Krick et al. (e.g. 
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specificity of the system by Krick et al. evaluated very high, and specificity of AM.1.1 

evaluated as moderate), the entire amended system was considered unacceptable 

and discharged from further investigations. Conversely, for those amended systems 

considered acceptable, all the investigations described in the paragraphs “interrater 

agreement evaluation” and “statistical analysis for diagnostic accuracy” were applied 

to allow comparison of the perfomance with the 3-classes simplified version of the 

system proposed by Krick et al. and with AM.1 system. To investigate the interrater 

agreement in further details, Cohen’s kappa coefficient was also calculated for 

pairwise comparison of each couple of Readers. The switch from weighted kappa to 

Cohen’s kappa was determined by the binary otuput (i.e. NM or M) of the AM1.2 

system compared to all the other systems, which were characterized by a non-binary 

output (e.g. NM, PM, and M). Cohen’s kappa was calculated using GraphPad 

QuickCalcs website (https://www.graphpad.com/quickcalcs/kappa1/).   

 

RESULTS 

The results and the discussion sections will take into account exclusively the median 

value among the 5 Readers of each investigated parameter. Nevertheless, the 

results for each Reader are reported in tables for completeness.  

 

Selection workflow and signalment data for the cases included in the study 

Among the 12602 cytological electronical records collected between January the 1st, 

2008 and July the 31st, 2019, 8988 were referred to cytological samples obtained 

from dogs. Among the latter, 1400 records referred to at least one LN cytological 

sample.  

Among the selected records, 1220 were excluded because referring to dogs lacking 

a clinical history of MCT, not bearing a MCT at the time of submission, 

simultaneously bearing a MCT and another kind of neoplasm at the time of 

submission, or lacking a detailed clinical history (category A). Finally, 180 records 

referring to 313 LN cytological samples obtained from MCTDs were selected. Among 

selected LNs, 146 were excluded due to lack of a corresponding histological sample. 

https://www.graphpad.com/quickcalcs/kappa1/
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Specifically, for 116 cases no histological sample of lymph node origin was available 

(category B.1), while for 30 cases only histological samples obtained from lymph 

nodes other than those cytologically sampled (category B.2) were available. Among 

the 167 selected cytological samples, only one was excluded due to unavaliable 

cytological slide for review (category C.1). Four (4) additional cytological samples 

were excluded because the associated histology was indicative of the presence of a 

neoplasm other than a MCT or of the absence of tissue consistent with lymph node 

(category D). Finally, 29 cases were excluded because the revised cytological slides 

were inconclusive (category E).  

In conclusion, 133 cytological cases obtained from LNs of MCTDs were included in 

the study (133/162 cases; retrieval rate: 82.61%): 15 FNAs (11.28%), 52 scraping 

smears (39.10%), and 66 touch imprints (49.62%). The selection workflow applied in 

the current studies is summarized in Appendix 3 – Supplementary Figure 1. 

The 133 cases included in the study were obtained from 84 different LNs, which in 

turn had been sampled from 47 MCTDs.  

Of the 47 dogs included in the study, 43 (91.49%) were treated by the DIMEVET 

University Veterinary Hospital (OVU). Among included patients, 4 were intact 

females, 18 neutered females, 16 intact males, and 9 castrated males. The average 

age recorded was 7.8 years (range: 1-13 years). In addition to 11 mongrels, patients 

belonged to the following pure breeds: Labrador Retriever (7 dogs), Setter (6), 

Golden Retriever (5), Boxer (4), Pug Dog (3), and 11 other breeds represented by a 

single dog. Among the 47 dogs included, 38 had a single MCT, 4 dogs had 2 MCTs, 

and 5 had multiple MCTs (≥3), for a total of at least 66 MCTs. All reported MCTs 

were dermal and/or subcutaneous with the exception of one muco-cutaneous case 

(located in the upper lip). Twenty-six (26) MCTDs provided 1 lymph node each, 11 

patients provided 2 lymph nodes, 8 patients provided 3 lymph nodes, and only 2 

dogs provided 6 lymph nodes each. 

Fifty-four (54) out of the 84 LNs included in the current study were identified as SLN 

through the application of LN mapping techniques before and/or after cytological 

sampling, while the remaining 30 were considered as RLN. Of the 84 LNs 
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investigated in the study, 12 were sampled via FNA alone, 20 were sampled via 

touch imprinting alone, and 6 via scraping smearing alone. Of the remaining 46 LNs, 

3 were sampled using all the 3 techniques, and 43 were sampled via both touch 

imprinting and scraping smearing. Cytological samples had been submitted by the 

University Veterinary Hospital of the DIMEVET or by external private veterinary 

clinics, or had been prepared at the Diagnostic Pathology Service of the DIMEVET 

from surgical biopsies sent for other investigations or from necroscopic samples. In 

general, the samples had been sent to assess lymphadenomegaly conditions, or for 

neoplasm staging. In this regards, it is notewhorty that most of the samples prepared 

via scraping smearing and/or touch imprinting (94/133, 70.68%) were obtained from 

clinically non-palpable sentinel LNs surgically extirpated from MCTDs. The material 

for the cytological samples prepared via touch imprinting and/or scraping smearing at 

the DIMEVET Pathological Anatomy Department was obtained in most cases by 

sectioning the lymph node along the median longitudinal plane. The corresponding 

histological samples were prepared by surgical biopsies sent by the DIMEVET 

University Veterinary Hospital or by external veterinarians, or were collected during 

necropsies. The histological diagnoses of the 84 LNs included in the current study, 

expressed according to Weishaar et al. (Weishaar 2014), were the following: 29 HN0 

LNs, 13 HN1, 24 HN2, and 18 HN3, corresponding to a metastasis prevalence of 

50%. Considering that 46 LNs were cytologically sampled through 2 or 3 different 

sampling techniques, the 133 histological diagnoses corresponding to the 133 

cytological cases included in the study were distributed as follows: 47 HN0 cases, 16 

HN1, and 70 HN2/3 (of which 42 HN2 and 28 HN3), corresponding to a metastasis 

prevalence of 52.63%. 

Details regarding the 133 cases finally included in the current study as well as 

signalment data of the 25 dogs from which they were obtained, are summarized in 

Appendix 2 – Supplementary Table 2. 

Given the retrospective nature of the study, eventual correlations occurring between 

sex and age of investigated dogs, MCT location, LN location and size on one hand, 

and the diagnostic accuracy indexes calculated for each of the cytological 

interpretative system investigated, falled beyond the aims of the current study. 
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Nevertheless, further details regarding dogs, MCTs and LNs investigated in the 

current study are provided in Appendix 3 – Supplementary Table 1 for completeness. 

 

Interrater agreement evaluation for the cytological interpretative system proposed by 

Krick et al.104 and for the AM1 system 

All cytological diagnoses expressed by each Reader according to each interpretative 

system investigated in the current study are tabulated togetehr with the 

corresponding histological diagnosis in Appendix 3 – Supplementary Table 2.  

Specifically, the sum of each type of diagnosis expressed by each Reader according 

to the 5-classes system proposed by Krick et al.,104 to the 3-classes simplified 

version of the system by Krick et al. (as illustrated in Appendix 2 – Supplementary 

Table 1), and to the AM1 system, is summarized in Table 2.   

Table 2.  Sum of each type of diagnosis expressed by each Reader according to all the cytological 

interpretative systems investigated in the current study. 

Krick’s system – 5 

classes 

Krick’s system – 3 

classes 
AM1 AM1.2 

Dia. R1 R2 R3 R4 R5 
Dia

. 

R

1 

R

2 

R

3 

R

4 

R

5 

Dia

. 

R

1 

R

2 

R

3 

R

4 

R

5 

Dia

. 

R

1 

R

2 

R

3 

R

4 

R

5 

“1” 8 13 4 12 26 
NM 84 67 77 82 76 NM 62 46 66 70 66 

NM 79 60 79 86 80 “2” 76 54 73 70 50 

“3” 2 7 4 6 7 
PM 2 7 4 6 7 PM 15 14 9 13 11 

“4” 24 27 25 16 19 
M 54 73 54 47 53 

“5” 23 32 27 29 31 M 47 59 52 45 50 M 56 73 58 50 56 

Legend: AM1, amended system 1; AM1.2, amended system 1.2; Krick’s system – 5 classes, cytological 

interpretative system proposed by Krick et al.104 in its orginal 5-classes version; Krick’s system – 3 classes, 3-

classes simplified version of the system by Krick et al. as illustrated in Appendix 2 – Supplementary Table 1; M. 

metastatic; NM, non metastatic; PM, possibly metastatic; R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 

4; R5; Reader 5; 1, “normal”; 2, “reactive lymphoid hyperplasia”; 3, “possible metastasis”; 4, “probable 

metastasis”; 5, “certain metastasis”. 

 

The interrater agreement among the 5 Readers for each of the investigated 

interpretative system is illustrated in Table 3.  
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Table 3. Free-marginal kappa for interrater agreement evaluation among the 5 Readers for each of the 

cytological interpretative systems investigated in the current study. 

  
Krick's system - 5 

classes 
Krick's system - 3 classes AM1 AM1.2 

Free-marginal K 0.62 0.82 0.71 0.80 

(95% C.I.) (0.56 - 0.67) (0.77 - 0.87) (0.63 - 0.78) (0.74-0.87) 

Legend: AM1, amended system 1; AM1.2, amended system 1.2; Krick’s system – 5 classes, cytological 

interpretative system proposed by Krick et al.104 in its orginal 5-classes version; Krick’s system – 3 classes, 3-

classes simplified version of the system by Krick et al. as illustrated in Appendix 2 – Supplementary Table 1; 95% 

C.I., 95% confidence interval. 

Specifically, the interrater agreement for the 5-classes original version of the system 

by Krick et al. 104 was moderate while that for the 3-classes simplified version of the 

same system proposed by our research group was strong. On the contrary, the AM1 

system proposed by our research group was moderate.  

When interrater agreement was investigated calculating weighted kappa for each 

couple of Readers (results illustrated in details in Appendix 3 Supplementary Table 

3), the 5-classes original version of the system by Krick et al.104 showed in most of 

the cases a moderate agreement (range of K: 0.681-0.795), with the exception of a 

pairwise comparison (Reader 1 vs Reader 3) for which interrater agreement was 

strong (K: 0.809). On the other hand, the 3-classes simplified version of the system 

by Krick et al. showed a strong agreement in most of the pairwise comparisons 

(range of K: 0.825-0.889), with the exception of 3 couples  (Reader 1 vs Reader 2, 

Reader 2 vs Reader 4, and Reader 2 vs Reader 5) for which interrater agreement 

was moderate (range of K: 0.756-0.778). Finally, interrater agremeent for AM1 

system was moderate in most of the cases (range of K: 0.624-0.787), with the 

exception of a strong agreement for 3 couples of Readers (Reader 3 vs Reader 4, 

and Reader 3 vs Reader 4; range of K: 0.817-0.863).  

 

Diagnostic accuracy evaluation of the cytological interpretative system proposed by 

Krick et al.104 and of the AM1 system 

All cytological diagnoses expressed by each Reader according to each interpretative 

system investigated in the current study are tabulated together with the 

corresponding histological diagnosis in Appendix 3 – Supplementary Table 2. 
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Additionally, the sum of each type of diagnosis expressed by each Reader according 

to the 3-classes simplified version of the system by Krick et al. (as illustrated in 

Appendix 2 – Supplementary Table 1), and according to the AM1 system, is 

summarized in Table 2.   

The Reader-specific and median overall percentage agreement between cytology 

and histopathology is illustrated in Table 4. Cases were classified as “in complete 

agreement” (CA) with histopathology when a NM, PM, or M cytological diagnosis 

corresponded to a HN0, HN1, or HN2/3 histological diagnosis, respectively. All the 

other combinations of cytological and histological diagnosis were classififed as “not in 

agreement” (NA).  

Table 4. Reader-specific and median percentage overall agreement for all the cytological intepretative 

systems investigated in the current study. 

  R1 R2 R3 R4 R5 Median 

Krick's system 
CA 65.41 (-) 66.92 (-) 69.17 (-) 66.17 (-) 65.41 (-) 66.17 (-) 

NA 34,59 33.08 30.83 33.83 34.59 33.83 

AM1 
CA 66.17 (-) 61.65 (-) 69.92 (-) 63.91 (-) 69.92 (-) 66.17 (-) 

NA 33.83 38.35 30.08 36.09 30.08 33.83 

AM1.2 
CA 80.45 (++) 75.19 (+) 80.45 (++) 78.20 (+) 81.20 (++) 80.45 (++) 

NA 19.55 24.81 19.55 21.80 18.80 19.55 

Values are expressed in percentages. In bold and highlighted in yellow, the highest value among the 

interpretative system evaluated. In green, those values of AM1 and/or AM1.2 systems which corresponding 

intepretation improved compared to the Krick’s system. In red, those values of AM1 and/or AM1.2 systems which 

corresponding intepretation worsened compared to the Krick’s system. Interpretation classes: (-), low; (+), 

moderate; (++), high; (+++), very high. Legend: AM1, amended system 1; AM1.2, amended system 1.2; CA, 

complete agreement (i.e. proprotion of “non metastatic”, “possibly metastatic”, or “metastatic” diagnoses 

respectively corresponding to HN0, HN1, or HN2/3 diagnosis); Krick’s system, 3-classes simplified version of the 

system by Krick et al.104 as illustrated in Appendix 2 – Supplementary Table 1; NA, no agreement; R1, Reader1 ; 

R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; Reader 5. 

The median overall agreement calculated among the 5 Readers was intepreted as 

low for both the 3-classes simplified version of the system by Krick et al. and the AM1 

system, highlighting that both systems should be improved.  

The Reader-specific and median percentage agreement between cytology and 

histopathology grouping the cytological cases on the basis of the corresponding 

histological diagnosis is illustrated in Table 5. Specifically, the median percentage 

agreement for cytological cases which corresponding histological diagnosis was 

HN0, was judjed very high for the system by Krick et al.104 (91.49%) and moderate 



116 
 

for the AM1 system (78.72%), suggesting a tendency of the latter system to 

overestimate the cytological diagnosis. The median percentage agreement for 

cytological cases which corresponding histological diagnsosis was HN1, was judged 

low for both the system by Krick et al. (6.25%) and the AM1 system (18.75%), 

highlighting that both systems are inadequate in the evaluation of this kind of 

specimens. Finally, the median percentage agreement for cytological cases which 

corresponding histological diagnsosis was HN2/3, was judjed low for the system by 

Krick et al. (65.71%) and moderate for the AM1 system (71.43%), suggesting that the 

latter system is more precise in the evaluation of this cytological samples despite still 

not very accurate. Chi-squared test confirmed these observations (results illustrated 

in details in Appendix 3 - Supplementary Table 4). Indeed, when the system by Krick 

et al. was applied, a significantly higher median percentage agreement in the 

diagnosis of cases with a corresponding HN0 histology compared to both cases with 

a corresponding histology diagnosed as HN1 or HN2/3 was observed, as well as a 

significantly lower median percentage agreement for cases with a corresponding 

HN1 histology compared to those with a corresponding HN2/3 histology. Similarly, 

when the AM1 system was applied, a significantly lower median percentage 

agreement in the diagnosis of cases with a corresponding HN1 histology compared 

to both cases with a corresponding histology diagnosed as HN1 or HN2/3 was 

observed. On the other hand, no significant differences in the median percentage 

agreement between cases with a corresponding histology of HN0 and HN2/3 was 

observed, probably due to the slight increase in the accuracy of the AM1 system in 

the diagnosis of the latter group of cases compared to the system by Krick et al.  

The Reader-specific and median percentage agreement between cytology and 

histopathology grouping the cytological cases on the basis of the corresponding 

sampling technique is illustrated in Table 6. For both the system by Krick et al.104 and 

the AM1 system, percentage agreement was constantly judged low, disregarding the 

sampling technique investigated. Nevertheless, it is notehworthy that the percentage 

agreement for cytological cases sampled via touch imprinting and scraping smearing 

approached the threshold of 70% to be judged as moderate (69.70% and 68.18% for 

touch imprints, and 69.23% and 67.31% for scraping smears, respectively applying 

the system by Krick et al. and the AM1 system). On the other hand, FNAs showed a 
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lower percentage agreement compared to the other sampling technique, which was 

slighlty higher for the AM1 system (53.33%) compared to the system by Krick et al. 

(40%). These observations were confirmed by chi-squared test, which revealed a 

signifcantly lower percentage agreement of FNAs compared to both touch imprints 

and scraping smears applying the system by Krick et al., but not applying the AM1 

system.  

When the concordance between the cytological diagnoses of the cases referring to 

the same LN but sampled with different techniques was investigated (Appendix 3 – 

Supplementary Table 6), the system by Krick et al.104 showed a higher number of 

cases with complete intersampling coherence (86.67%) compared to AM1 system 

(80.00%). In addition, the AM1 system showed a lower number of cases with 

complete intersampling coherence correctly identifying the metastatic status (55.56% 

compared to 62.22% of the system by Krick et al.), and a higher number of cases 

with intersampling incoherence (20.00% compared to 11.11% of the system by Krick 

et al.). This observation might be indicative of a lower interchangeability of the AM1 

system compared to that proposed by Krick et al. among different sampling 

techniques. Nevertheless, both the systems showed a 24.44% of cases with 

complete intersampling agreement but expressing the wrong diagnosis, suggesting 

that a certain amount of wrong diagnoses was the consequence of the cytological 

sampling in general compared to the histological reference standard.  

Further investigation of the general agreement between cytology and histopathology 

with weighted kappa statistics revealed a weak agreement with histology for both the 

interpretative system by Krcik et al. (K: 0.520) and the AM1 system (K: 0.514).   
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Table 5. Reader-specific and median percentage agreement grouping cytological cases according to the corresponding histological diagnosis for all the 

cytological intepretative systems investigated in the current study. 

  
R1 R2 R3 R4 R5 Median 

HNO NH1 HN2/3 HNO NH1 HN2/3 HNO NH1 HN2/3 HNO NH1 HN2/3 HNO NH1 HN2/3 HNO NH1 HN2/3 

Krick's 
system 

CA 
93.62 
(+++) 

0  
(-) 

61.43  
(-) 

80.85 
(++) 

6.25  
(-) 

71.43 
(+) 

91.49 
(+++) 

12.5  
(-) 

67.14 
(-) 

95.74 
(+++) 

6.25  
(-) 

60.00 
(-) 

87.23 
(++) 

0.00  
(-) 

65.71 
(-) 

91.49 
(+++) 

6.25  
(-) 

65.71 
(-) 

NA 6.38 100.00 38.57 19.15 93.75 28.57 8.51 87.50 32.86 4.26 93.75 40.00 12.77 100.00 34.29 8.51 93.75 34.29 

AM1 
CA 

74.47  
(+) 

18.75  
(-) 

71.43 
(+) 

57.45  
(-) 

6.25  
(-) 

77.14 
(+) 

82.98 
(++) 

25  
(-) 

71.43 
(+) 

78.72 
(+) 

12.5  
(-) 

65.71 
(-) 

82.98 
(++) 

25.00  
(-) 

71.43 
(+) 

78.72 
(+) 

18.75  
(-) 

71.43 
(+) 

NA 25.53 81.25 28.57 42.55 93.75 22.86 17.02 75.00 28.57 21.28 87.50 34.29 17.02 75.00 28.57 21.28 81.25 28.57 

AM1.2 
CA 

91.49 
(+++) 

93.75 
(+++) 

70.00 
(+) 

68.09 
(+) 

75.00 
(+) 

80.00 
(++) 

91.49 
(+++) 

93.75 
(+++) 

70.00 
(+) 

95.74 
(+++) 

93.75 
(+++) 

62.86 
(-) 

93.62 
(+++) 

93.75 
(+++) 

70.00 
(+) 

91.49 
(+++) 

93.75 
(+++) 

70.00 
(+) 

NA 8.51 6.25 30.00 31.91 25.00 20.00 8.51 6.25 30.00 4.26 6.25 37.14 6.38 6.25 30.00 8.51 6.25 30.00 

Values are expressed in percentages. In bold and highlighted in yellow, the highest value among the interpretative system evaluated. In green, those values of AM1 and/or 

AM1.2 systems which corresponding intepretation improved compared to the Krick’s system. In red, those values of AM1 and/or AM1.2 systems which corresponding 

intepretation worsened compared to the Krick’s system. Interpretation classes: (-), low; (+), moderate; (++), high; (+++), very high. Legend: AM1, amended system 1; AM1.2, 

amended system 1.2; CA, complete agreement (i.e. proprotion of “non metastatic”, “possibly metastatic”, or “metastatic” diagnoses respectively corresponding to HN0, HN1, or 

HN2/3 diagnosis); HNO, “non-metastatic” according to Weishaar et al.;234 HN1, “pre-metastatic” according to Weishaar et al.; HN2, “early metastasis” according to Weishaar et 

al.; HN3, “overt metastasis” according to Weishaar et al.; Krick’s system, 3-classes simplified version of the system by Krick et al.104 as illustrated in Appendix 2 – 

Supplementary Table 1; NA, no agreement; R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; Reader 5. 
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Table 6. Reader-specific and median percentage agreement grouping cytological cases according to the corresponding sampling technique for all the cytological 

interpretative systems investigated in the current study. 

  
R1 R2 R3 R4 R5 Median 

FNA TIC SCRA FNA TIC 
SCR

A 
FNA TIC SCRA FNA TIC SCRA FNA TIC SCRA FNA TIC SCRA 

Krick's 
system 

CA 
40.00  

(-) 
69.7  
(-) 

67.31  
(-) 

46.67  
(-) 

69.7  
(-) 

69.23  
(-) 

46.67  
(-) 

71.21  
(+) 

73.08  
(+) 

40.00  
(-) 

69.7  
(-) 

69.23  
(-) 

40.00  
(-) 

69.7  
(-) 

67.31  
(-) 

40.00  
(-) 

69.70  
(-) 

69.23  
(-) 

NA 60.00 30.30 32.69 53.33 30.30 30.77 53.33 28.79 26.92 60.00 30.30 30.77 60.00 30.30 32.69 60.00 30.30 30.77 

AM1 
CA 

53.33  
(-) 

68.18  
(-) 

67.31  
(-) 

53.33  
(-) 

65.15  
(-) 

59.62  
(-) 

53.33  
(-) 

71.21  
(+) 

73.08  
(+) 

46.67  
(-) 

66.67  
(-) 

65.38  
(-) 

60.00  
(-) 

71.21  
(+) 

71.15  
(+) 

53.33  
(-) 

68.18  
(-) 

67.31  
(-) 

NA 46.67 31.82 32.69 46.67 34.85 40.38 46.67 28.79 26.92 53.33 33.33 34.62 40.00 28.79 28.85 46.67 31.82 32.69 

AM1.2 
CA 

66.67  
(-) 

83.33 
(++) 

80.77 
(++) 

80.00 
(++) 

81.82 
(++) 

65.38  
(-) 

66.67  
(-) 

81.82 
(++) 

82.69 
(++) 

66.67  
(-) 

81.82 
(++) 

76.92 
(+) 

73.33 
(+) 

81.82 
(++) 

82.69 
(++) 

66.67  
(-) 

81.82  
(++) 

80.77  
(++) 

NA 33.33 16.67 19.23 20.00 18.18 34.61 33.33 18.18 17.31 33.33 18.18 23.08 26.67 18.18 17.31 33.33 18.18 19.23 

Values are expressed in percentages. In bold and highlighted in yellow, the highest value among the interpretative system evaluated. In green, those values of AM1 and/or 

AM1.2 systems which corresponding interpretation improved compared to the Krick’s system. In red, those values of AM1 and/or AM1.2 systems which corresponding 

interpretation worsened compared to the Krick’s system. Interpretation classes: (-), low; (+), moderate; (++), high; (+++), very high. Legend: AM1, amended system 1; AM1.2, 

amended system 1.2; CA, complete agreement (i.e. proprotion of “non metastatic”, “possibly metastatic”, or “metastatic” diagnoses respectively corresponding to HN0, HN1, or 

HN2/3 diagnosis); FNA, fine needel aspirates; Krick’s system, 3-classes simplified version of the system by Krick et al.104 as illustrated in Appendix 2 – Supplementary Table 1; 

NA, no agreement; R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; Reader 5; SCRA, scraping smears; TIC, touch imprints. 
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Details regarding the number of  cases classified as TP, FP, FN, and TN for each 

interpretative system investigated in the current study and included in 2x2 

contingency tables for McNemar’s test and for calculation of diagnostic accuracy 

indexes, are reported in Appendix 3 – Supplementary Table 8.   

In the best case scenario (i.e. when “possibly metastatic” cases were considered as 

negative for metastastasis), McNemar’s test reached a p value <.05 for both the 

system by Krick et al. (p = 0.0003) and the AM1 system (p = 0.0108), revealing a 

significantly different number of cases diagnosed as positive between cytology and 

histology, and thus the presence of a test bias. Details regarding McNemar’s test 

results for each Reader and in the worst case scenario (i.e. when “possibly 

metastatic” cases were considered as positive for metastasis) are reported in 

Appendix 3 – Supplementary Table 9.  

Diagnostic accuracy indexes in the best case scenario for the system by Krick et al. 

and for the AM1 system are summarized in Table 7. Details regarding diagnostic 

accuracy indexes in the worst case scenario and 95% confidence interval of each 

index are reported in Appendix 3 – Supplementary Table 10.  

 

 

Table 7. Diagnostic accuracy indexes in the best case scenario for all the cytological interpretative 

systems investigated in the current study. 

Evaluator 
Interpretative 

system 
ACCURACY SENSITIVITY SPECIFICITY 

POSITIVE 

PREDICTIVE 

VALUE 

NEGATIVE 

PREDICTIVE 

VALUE 

R1 

Krick's system 76.69 (+) 61.43 (-) 93.65 (+++) 91.49 (+++) 68.6 (-) 

AM1 80.45 (++) 71.43 (+) 90.48 (+++) 89.29 (++) 74.03 (+) 

AM1.2 80.45 (++) 70 (+) 92.06 (+++) 90.74 (+++) 73.42 (+) 

R2 

Krick's system 75.94 (+) 68.49 (-) 85 (++) 84.75 (++) 68.92 (-) 

AM1 73.68 (+) 77.14 (+) 69.84 (-) 73.97 (+) 73.33 (+) 

AM1.2 75.19 (+) 78.57 (+) 71.43 (+) 75.34 (+) 75 (+) 

R3 

Krick's system 78.95 (+) 67.14 (-) 92.06 (+++) 90.38 (+++) 71.6 (+) 

AM1 78.95 (+) 71.43 (+) 87.3 (++) 86.21 (++) 73.33 (+) 

AM1.2 80.45 (++) 70 (+) 92.06 (+++) 90.74 (+++) 73.42 (+) 
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Evaluator 
Interpretative 

system 
ACCURACY SENSITIVITY SPECIFICITY 

POSITIVE 

PREDICTIVE 

VALUE 

NEGATIVE 

PREDICTIVE 

VALUE 

R4 

Krick's system 76.69 (+) 60 (-) 95.24 (+++) 93.33 (+++) 68.18 (-) 

AM1 78.95 (+) 65.71 (-) 93.65 (+++) 92 (+++) 71.08 (+) 

AM1.2 78.2 (+) 62.86 (-) 95.24 (+++) 93.62 (+++) 69.77 (-) 

R5 

Krick's system 78.95 (+) 65.71 (-) 93.65 (+++) 92 (+++) 71.08 (+) 

AM1 80.45 (++) 71.43 (+) 90.48 (+++) 89.29 (++) 74.03 (+) 

AM1.2 81.2 (++) 70 (+) 93.65 (+++) 92.45 (+++) 73.75 (+) 

Median 

Krick's system 78.95 (+) 65.71 (-) 93.65 (+++) 92.00 (+++) 71.08 (+) 

AM1 80.45 (++) 71.43 (+) 90.48 (+++) 89.29 (++) 74.03 (+) 

AM1.2 80.45 (++) 70 (+) 92.06 (+++) 90.74 (+++) 73.42 (+) 

Values are expressed in percentages. In bold and highlighted in yellow, the highest value among the 

interpretative system evaluated. In green, those values of AM1 and/or AM1.2 systems which corresponding 

intepretation improved compared to the Krick’s system. In red, those values of AM1 and/or AM1.2 systems which 

corresponding interpretation worsened compared to the Krick’s system. Interpretation classes: (-), low; (+), 

moderate; (++), high; (+++), very high. Legend: AM1, amended system 1; AM1.2, amended system 1.2; Krick’s 

system, 3-classes simplified version of the system by Krick et al.104 as illustrated in Appendix 2 – Supplementary 

Table 1; R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; Reader 5. 

The system by Krick et al.104 showed a moderate median accuracy (78.95%; C.I. 

71,03-85,53%), a low median sensitivity (65.71%; C.I. 53,40-76,65%), a very high 

median specificity (93.65%; C.I. 84,53-98,24%) and positive predictive value 

(92.00%; C.I. 81,44-96,79%), and a moderate negative predictive value (71.08%; C.I. 

63,85-77,38%). The AM1 system was characterized by a high median accuracy 

(80.45%; C.I. 72,68-86,81%), a moderate median sensitivity (71.43%; C.I. 59,38-

81,60%), a very high median specificity (90.48%; C.I. 80,41-96,42%), a high median 

positive predictive value (89.29%; C.I. 79,33-94,76%), and a moderate negative 

predictive value (74.03%; C.I. 66,11-80,63%). When compared to the interpretative 

system by Krick et al., the AM1 system showed a sensible increase in accuracy and 

sensitivity, in association with a sensibly decreased positive predictive value.  

 

Setting of additional amended cytological interpretative systems with ROC curves.  

ROC curves designed to set the 3-classes AM1.1 system, as well as the 

corresponding AUC and p values, are illustrated in Figure 1.  
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Figure 1. Receiver operating characteristic (ROC) curves for optimal cut-off establishment of the 3-

classes AM1.1 cytological interpretative system. 

 

Legend: Aggr, aggregates composed by >3 MCs; Atypical, morphologically atypical MCs; AUC, area under the 

curve; CoupandTrip, couples + triplets of MCs; HNO, “non-metastatic” according to Weishaar et al.;234 HN1, “pre-

metastatic” according to Weishaar et al.;234 HN2/3, “early metastasis” or “overt metastasis” according to Weishaar 

et al.; MCs, mast cells; Normal, morphologically normal MCs; 95% C.I., 95% confidence interval.  

The first subset of ROC curves to establish the optimal cut-off to shift from a 

corresponding HN0 histological diagnosis to a HN1 one, revealed that the only 

significant parameter was the number of discrete, morphologically normal MCs, 

which was considered a poor test (AUC = 0.685; p value = 0.028). The 

corresponding optimal cut-off was >7 normal MCs / 8 HPFs. The second subset of 

ROC curves to establish the optimal cut-off to shift from a corresponding HN1 

histological diagnosis to a HN2/3 one, revealed that all investigated parameters were 

significant. Specifically, the number of aggregates of >3 MCs was a fair test (AUC = 

0.707; p value = 0.010), with an optimal cut-off of ≥1 aggregate / entire slide. Also the 

number of couples and triplets of MCs was a fair test (AUC = 0.796; p value < 0.001), 

with an optimal cut-off of ≥3 couples and triplets / entire slide. The number of normal 

MCs was a poor test (AUC = 0.660; p value = 0.046), with an optimal cut-off of ≥14 

normal MCs / 8 HPFs. Finally, the number of discrete, atypical MCs was a good test 

(AUC = 0.814; p value < 0.001), with an optimal cut-off of ≥7 atypical MCs / 8 HPFs. 
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According to the optimal cut-offs established with ROC curves, the AM1.1 

interpretative system was designed as illustrated in Table 8.  

Table 8. Criteria of the 3-classes AM1.1 system created designing two subsets of ROC curves for 

quantifiable parameters evaluated in the current study. 

Amended 1.1 (AM1.1) system – Cytological criteria Diagnosis 

 0-1  couple or triplet of MCs / entire slide 

 0-7 discrete, normal MCs / 8 HPFs  

Non 

metastatic 

(NM) 

 2  couples or triplets of MCs / entire slide 

 8-13 discrete, normal MCs / 8 HPFs 

Possibly 

metastatic 

(PM) 

 Effacement of lymphoid tissue by MCs (i.e. >50% MCs on the total cellular amount/entire 

slide) 

 ≥1 aggregate of >3 MCs / entire slide 

 ≥3  couples or triplets of MCs / entire slide 

 ≥7 discrete, atypical MCs (bi- or mutlinucleation, nuclear pleomorphism, altered N:C ratio, 

anisokaryosis, anisocytosis, variable/reduced cytoplasmic granulation) / 8 HPFs 

 ≥ 14 discrete, normal MCs / 8 HPFs  

Metastatic 

(M) 

To express a specific diagnosis, the fulfilling of at least one of the criterion was considered necessary and 

sufficient. Legend: HPFs, high power fields; MCs, mast cells; N:C, nuclear cytoplasmic ratio. 

ROC curves designed to set the 2-classes AM1.2 system, as well as the 

corresponding AUC and p values, are illustrated in Figure 2.  
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Figure 2. Receiver operating characteristic (ROC) curves for optimal cut-off establishment of the 2-

classes AM1.2 cytological interpretative system. 

 

Legend: Aggr, aggregates composed by >3 MCs; Atypical, morphologically atypical MCs; AUC, area under the 

curve; CoupandTripl, couples + triplets of MCs; HNO/1, non-metastatic” or “pre-metastatic” according to Weishaar 

et al.;234 HN2/3, “early metastasis” or “overt metastasis” according to Weishaar et al.; MCs, mast cells;  Normal, 

morphologically normal MCs; 95% C.I., 95% confidence interval.  

ROC curves designed to establish the optimal cut-off to shift from a corresponding 

HN0/1 histological diagnosis to a HN2/3 one, revealed that all investigated 

parameters were significant. Specifically, the number of aggregates of >3 MCs was a 

fair test (AUC = 0.720; p value < 0.001), with an optimal cut-off of ≥1 aggregate / 

entire slide. The number of couples and triplets of MCs was a good test (AUC = 

0.816; p value < 0.001), with an optimal cut-off of >3 couples and triplets / entire 

slide. The number of normal MCs was a fair test (AUC = 0.764; p value < 0.001), with 

an optimal cut-off of ≥7 normal MCs / 8 HPFs. Finally, the number of atypical MCs 

was a good test (AUC = 0.836; p value < 0.001), with an optimal cut-off of >9 atypical 

MCs / 8 HPFs. 
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According to previous literature 12,25,116,145 and our preliminary study illustrated in 

Section 1 of the current Thesis, the number of normal MCs observed in LNs obtained 

from dogs without MCT nodal metastasis might be higher than 7. An optimal cut-off 

of 7 normal MCs to shift from a cytological diagnosis of “non-metastatic” to 

“metastatic” would be further in contrast with the cut-off of >9 atypical MCs, 

considered that in the literature is reported that no atypical MCs should be seen in a 

non metastatic nodal cytological specimen. Given all these consideration, the cut-off 

of >7 normal MCs was considered as a missense from a biological point of view and 

was thus discharged from the final version fo the AM1.2 system, which is illustrated 

in Table 9.  

Table 9. Criteria of the 2-classes AM1.2 system created designing a set of ROC curves for quantifiable 

parameters evaluated in the current study. 

Amended 1.2 (AM1.2) system – Cytological criteria Diagnosis 

 0-3  couples or triplets of MCs / entire slide 

 0-9 discrete, atypical MCs (bi- or mutlinucleation, nuclear pleomorphism, altered N:C ratio, 

anisokaryosis, anisocytosis, variable/reduced cytoplasmic granulation) / 8 HPFs 

Non 

metastatic 

(NM) 

 Effacement of lymphoid tissue by MCs (i.e. >50% MCs on the total cellular amount/entire 

slide) 

 ≥1 aggregate of >3 MCs / entire slide 

 ≥4  couples or triplets of MCs / entire slide 

 ≥10 discrete, atypical MCs / 8 HPFs 

Metastatic 

(M) 

To express a specific diagnosis, the fulfilling of at least one of the criterion was considered necessary and 

sufficient. Legend: HPFs, high power fields; MCs, mast cells; N:C, nuclear cytoplasmic ratio. 

 

Validation of the AM1.1 and AM1.2 systems through calculation of the corresponding 

diagnostic accuracy indexes and comparison with those of the interpretative system 

by Krick et al.104  

All cytological diagnoses expressed by each Reader according to AM1.1 and AM1.2 

are tabulated together with the corresponding histological diagnosis in Appendix 3 – 

Supplementary Table 2.  

Details regarding the number of TP, FP, FN, and TN for both AM1.1 and AM1.2 

system, are reported in Appendix 3 – Supplementary Table 8, while details regarding 
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the results of McNemar’s test are illustrated in Appendix 3 – Supplementary Table 9. 

The diagnostic accuracy indexes together with the corresponding 95% confidence 

interval for both AM1.1 and AM1.2 system, are reported in Appendix 3 – 

Supplementary Table 10.  

In the best case scenario, the AM1.1 system was characterized by a moderate 

median accuracy (75.94%; C.I. 67.77-82.92%), a moderate median sensitivity 

(72.86%; C.I. 60.90-82.80%), a moderate median specificity (79.37%; C.I. 67.30-

88.53%), a  moderate median positive predictive value (79.69%; C.I. 70.31-86.67%), 

and a moderate negative predictive value (72.46%; C.I. 63.73-79.76%). When 

compared to the interpretative system by Krick et al., the AM1 system showed a 

sensible increase in sensitivity, which was on the other hand associated with 2-fold 

decreased specificity and positive predictive value. Considered this observation and 

according to the validation criteria illustrated in the material and methods section, the 

AM1.1 system was considered unacceptable and thus discharged from further 

investigations.  

On the other hand, in the best case scenario the AM1.2 system was characterized by 

a high median accuracy (80.45%; C.I. 72,68-86,81%), a moderate median sensitivity 

(70.00%; C.I. 57.87-80.38%), a very high median specificity (92.06%; C.I. 82.44-

97.37%), a very high median positive predictive value (90.74%; C.I. 80.65-95.84%), 

and a moderate negative predictive value (73.42%; C.I. 65.72-79.92%). When 

compared to the interpretative system by Krick et al., the AM1 system showed a 

sensible increase in accuracy and sensitivity, without any other substantial change. 

Considered this observation, AM1.2 system was considered as acceptable and 

completely comparable with the system by Krick et al. and the AM1 system. In this 

context, it is noteworthy that diagnostic accuracy indexes for the AM1.2 system were 

pretty similar to those for the AM1 system, with the notable difference of a sensibly 

higher positive predictive value.  
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Interrater agreement evaluation for the AM1.2 cytological interpretative system 

compared to the one by Krick et al.104 and to the AM1 system 

The sum of each type of diagnosis expressed by each Reader according to the 

AM1.2 system, is summarized in Table 2.   

As illustrated in Table 3, the AM1.2 system showed a strong interrater agreement 

among the 5 Readers (K: 0.80), which was higher to that of the original 5-classes 

version of the system by Krick et al.104 (K:0.62) and to that of the AM1 system (K: 

0.71). On the other hand, interrater agreement for the AM1.2 system was in line with 

that of the simplified 3-classes version of the system by Krick et al. (0.82).   

When interrater agreement was investigated calculating Cohen’s kappa for each 

couple of Readers (results illustrated in details in Appendix 3 Supplementary Table 

3), the 5-classes original version of the system by Krick et al.104 showed in most of 

the cases a weak agreement (range of K:0.452-0.558) with the exception of 3 

comparisons (Reader 1 vs Reader 3, Reader 1 vs Reader 4, and Reader 3 vs 

Reader 4) for which interrater agreement was moderate (range of K: 0.608-0.645). 

On the other hand, the 3-classes simplified version of the system by Krick et al. 

showed a moderate agreement in most of the pairwise comparisons (range of K: 

0.681-0.792), with the exception of the same aforementioned couples (Reader 1 vs 

Reader 3, Reader 1 vs Reader 4, and Reader 3 vs Reader 4) for which interrater 

agreement was strong (range of K: 0.816-0.848). Interrater agremeent for the AM1 

system was moderate in most of the cases (range of K: 0.612-0.749), with the 

exception of a weak agreement for 2 couples of Readers (Reader 1 vs Reader 2, and 

Reader 2 vs Reader 4; range of K: 0.537-0.558), and of a strong agreement for a 

single couple of Readers (Reader 3 vs Reader 5; K: 0.827). Finally, the interrater 

agreement for the AM1.2 system was moderate for all the four couples including 

Reader 2 (range of K: 0.620-0.719), strong for four couples (Reader 1 vs Reader 3, 

Reader 1 vs Reader 4, Reader 1 vs Reader 5, and Reader 3 vs Reader 4; range of 

K: 0.857-0.889), and almost perfect for the 2 residual couples (Reader 3 vs Reader 

4, and Reader 4 vs Reader 5; range of K: 0.904-0.922).   
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Evaluation of other diagnostic accuracy parameters for the AM1.2 cytological 

interpretative system 

The Reader-specific and median overall percentage agreement between cytology 

and histopathology is illustrated in Table 4. The median overall agreement calculated 

among the 5 Readers for the AM1.2 system was very high (80.45%), highlighting a 

sensible improvement compared to both the system by Krick et al.104 (66.17%) and 

the AM1 system (66.17%).  

The Reader-specific and median percentage agreement between cytology and 

histopathology grouping the cytological cases on the basis of the corresponding 

histological diagnosis is illustrated in Table 5. The median percentage agreement for 

cytological cases which corresponding histological diagnosis was HN0, was judged 

very high for the AM1.2 system, overlapping the one for system by Krick et al.104 

(91.49%) and being sensibly better than that for the AM1 system (78.72%), 

confirming a certain tendency for the latter system to overestimate the cytological 

diagnosis. The median percentage agreement for cytological cases which 

corresponding histological diagnosis was HN1, was very high for the AM1.2 system 

(93.75%) and sensibly improved compared to that for the system by Krick et al. 

(6.25%) and for the AM1 system (18.75%). This observation highlighted that AM1.2 

system might represent a good alternative for the evaluation of these samples. 

Finally, the median percentage agreement for cytological cases which corresponding 

histological diagnosis was HN2/3, was moderate for the AM1.2 system (70.00%), 

being sensibly higher than that for the system by Krick et al. (65.71%) and similar to 

that for the AM1 system (71.43%). Chi-squared test confirmed these observations 

(results illustrated in details in Appendix 3 - Supplementary Table 4), revealing a 

significant difference exclusively between the percentage agreement for cases with a 

corresponding HN0 histology and those with a corresponding HN2/3 histology.  

The Reader-specific and median percentage agreement between cytology and 

histopathology grouping the cytological cases on the basis of the corresponding 

sampling technique is illustrated in Table 6. The AM1.2 system showed a sensible 

increase in the percentage agreement for touch imprints (81.82%) and scraping 

smears (80.77%) compared to both the system by Krick et al.104 (69.70% for touch 
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imprints and 69.23% for scraping smears) and the AM1 system (68.18% for touch 

imprints and 67.31% for scraping smears). On the other hand, despite higher than 

the values reported for the system by Krick et al. (40.00%) and the AM1 system 

(53.33%), percentage agreement for FNAs applying the AM1.2 system was still low 

(66.67%). Chi-squared test revealed no signifcantly different percentage agreement 

among the different sampling techniques when the AM1.2 system was applied.   

When the concordance between the cytological diagnoses of the cases referring to 

the same LN but sampled with different techniques was investigated (Appendix 3 – 

Supplementary Table 6), the AM1.2 system showed a higher number of cases with 

complete intersampling coherence (89.36%) compared to that for the system by Krick 

et al.104 (86.67%) and for the AM1 system (80.00%). For the AM1.2 system, also the 

number of cases with complete intersampling coherence correctly identifying the 

metastatic status was higher (74.47%) compared to that of the system by Krick et al. 

and the AM1 system (62.22% and 55.56%, respectively). Nevertheless, despite a 

lower percentage of cases with intersampling incoherence (8.51% compared to 

11.11% for the system by Krick et al. and 20% for the AM1 system), the AM1.2 

system still showed a 14.89% cases with complete intersampling agreement but 

expressing the wrong diagnosis. Similarly, when the agreement among the 

diagnoses expressed according to each cytological interpretative system applied was 

investigated, 19.08% cases were cytologically diagnosed in the same way applying 

the 3 different systems, but still no agreement was observed with the corresponding 

histopathological diagnosis. This observations further strenghtened the hypothesis 

that a certain amount of wrong diagnoses was the consequence of the cytological 

sampling in general compared to the histological reference standard. This hypothesis 

was finally confirmed by the observation that also for the AM1.2 system, McNemar’s 

test showed a signifcant p value (p = 0.0003), stressing out the presence of a test 

bias (Appendix 3 – Supplementary Table 8).   

Further investigation of the general agreement between cytology and histopathology 

with kappa statistics required to calculate Cohen’s kappa for all the cytological 

interpretative system investigated due to the binary output of the AM1.2 system (i.e. 

NM or M). According to Cohen’s kappa coefficients, the general agreement between 
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cytology and histopathology was weak for both the system by Krick et al.104 (K: 

0.467; C.I: 0351-0583) and the AM1 system (K: 0.448; C.I. 0.328-0.569), and 

moderate for the AM1.2 system.   

Comparison of the diagnostic accuracy indexes for the AM1.2 system with those for 

the system by Krick et al. and for the AM1 system has been already presented in the 

paragraphs above. Further details (including diagnostic accuracy indexes in the worst 

case scenario and the 95% C.I. of each calculated index), are available in Table 7 

and Appendix 3 – Supplementary Table 10.   

 

DISCUSSION 

In the current study, conducted according to STARD guidelines,27 interrater 

agreement and diagnostic accuracy of the cytological interpretative system currently 

available in literature for the evaluation of the nodal metastatic status in MCTDs,104 

as well as those of 2 amendments of the latter (AM1 and AM1.2 system) proposed by 

our research group, were investigated using histopathology as the reference 

standard. According to the observed results, the AM1.2 system could represent a 

valid alternative to the simplified 3-classes version of the system proposed by Krick 

et al.,104 being characterized by an almost overlapping interrater agreement, and 

sensibly higher accuracy and sensitivity without substantial changes of the other 

diagnostic accuracy indexes. Conversely, despite an even higher sensitivity 

compared to the system by Krick et al., the AM1 system was associated with a 

sensibly decreased positive predictive value and a reduced interrater agreement. 

These results might be the consequence of the process applied to create the 

amended systems. Indeed, the AM1 system was created simply adding criteria 

regarding quantification of morphologically normal and atypical MCs to those 

originally included in the system by Krick et al., setting cut-offs for MC quantification 

through an arbitrary and rough adaptation of the quantification criteria included in the 

system proposed by Weishaar et al. for the histological evaluation of LNs of MCTDs. 

Conversely, the AM1.2 system was created setting the optimal cut-off for each 

quantifiable cytological criterion (i.e. number of aggregates composed by >3 MCs, 

couples and triplets of MCs, discrete atypical mast cells, and discrete normal MCs) 
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building ROC curves and setting the histopathological reference standard on a binary 

outcome (i.e. considering HN0/1 and HN2/3 histological diagnoses as negative and 

positive for metastasis, respectively). This latter and more rigorous approach allowed 

a deeper revision of the original system proposed by Krick et al., resulting in an 

amended system characterized by improved accuracy and sensitivity, still 

maintaining high reproducibility among different Readers.  

To the best of our knowledge, the current work is the first study sistematically 

investigating reproducibility of cytological criteria for the evaluation of the metastatic 

status of LNs obtained from MCTDs among different Readers. Indeed, the only 

former study including the evaluation of this kind of nodal cytological specimens by 

multiple evaluators did not investigate interrater agreement in details nor reported 

sufficient raw data for calculation of kappa coefficients.174 Additionally, the same 

study by Sabattini et al. focused exclusively on the evaluation of cytological samples 

obtained from LNs with histopathologically confirmed MCT metastasis, differently 

from the current work which took into account samples obtained from both 

histologically non metastatic and metastatic LNs. The results of our study confirmed 

the hypothesis that the original 5-classes system proposed  by Krick et al. might be 

characterized by low reproducibility among different evaluators, and should thus be 

abandoned in favour of the simplified 3-classes version of the same system 

(Appendix 2 – Supplementary Table 1) as proposed by our research group according 

to observations reported in previous literature.73,104,145 The evaluators of cytological 

specimens involved in the current study were specifically choosen trying to stratify as 

much as possible the group of investigators according to different degrees of 

experience and expertise in the field of diagnostic cytology. This factor was mirrored 

by the evaluation of the interrater agreement for each couple of Readers, which 

frequently revealed a higher interrater agreement among those Readers with more 

experience in diagnostic cytology (i.e. Reader 3, Reader 4, and Reader 5). 

Additionally, a reduced agreement between Reader 2 and the other Readers was 

noted. This observation might be consequence of the fact that Reader 5, being the 

Diagnostic Leader of the Cytopathological Diagnostic Service of the DIMEVET, 

trained Readers 1, 3, and 4 during diagnostic cytology rounds on a more or less 

regular basis. Conversely, Reader 2 was routinely involved in the Hematology 
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Diagnostic Service of the DIMEVET and not in the Cytopathological Diagnostic 

Service of the same Department, thus being mostly experienced in the evaluation of 

blood smears and cytological samples prepared from liquid matrices (e.g. cavitary 

effusions), and not having received training by Reader 5 on a regular basis. These 

observations, together with the higher sensitivity and lower specificity (Table 7 and 

Appendix 3 – Supplementary Table 10) of Reader 2 compared to the other Readers 

disregarding the intepretative system applied, as well as with the general tendency of 

the same Reader 2 to report higher number of atypical MCs for each case (data not 

shown, but available upon request), highlighted that all the cytological intepretative 

systems investigated might be influenced by the evaluator’s experience, as 

previously reported for cytology in general 42 and specifically for the evaluation of 

cytological nodal specimens from MCTDs.174 With this in mind, further studies 

including a more homogeneous group of cytologists are warranted to validate the 

reliability of our findings.   

To the best of our knowledge, twelve previous studies focused on the investigation of 

the agreement between cytology and histology in detecting MCT nodal metastasis, or 

included simultaneous cytological and histological evaluation of LNs obtained from 

MCTDs.33,71,73,105,106,108,145,156,174,201,204,240 Among these, only the most recent studies 

applied cytological criteria proposed by Krick et al.71,73,105,106,145,156,174,204 In three of 

the cases a modified version of the cytological interpretative system by Krick et al. 

was used;71,145,174 however, changes applied to the Krick’s system were not stated. 

Additionally, 2 studies applied the system by Krick et al. exclusively on a subset of 

specimens.71,106  Finally, only 4 studies rigorously and sistematically applied the 

criteria proposed by Krick et al.73,105,156,204 All the other studies proposed customized 

cytological criteria for the evaluation of nodal MCT metastasis (see Introduction – 

Table 3 for further details).33,108,201,240 The results of previous studies are compared 

with those observed in the current study in Table 10. If not explicitally reported, 

diagnostic accuracy indexes were recalculated whenever possible, extrapolating the 

number of cases classified as TP, FP, FN, and TN. The study by Cahalane et al.33 

was excluded from the comparison due to complete impossibility to extrapolate data 

for the investigation of the agreement between cytology and histology. Further details 
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regarding the recalculation of diagnostic accuracy indexes are reported for each 

specific compared previous study in Table 10 caption.   
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Table 10. Summary table of studies previously reported in the literature including cytological and histological evaluation of dog LNs with MCT, and comparison 

with the results of the current study.  

The values reported in the table, when not explicictally reported in the bibliographic sources, were recalculated applying the same statistical calculation software used in the 

current study after extrapolation from available raw data. Legend: Acc, overall diagnostic accuracy or overall agreement between cytological and histological diagnosis; FN, 

false negatives; FP, false positives; HN system, application of the histological classification by Weishaar et al.;234  metachromatic stains, toluidine blue or Giemsa stains; ND, 

not determined; NPV, negative predictive value; n/a, not applicable due to statistical limitations; OCC, occasionally applied; PAR, application of the histological system by 

Weishaar et al. exclusively on a subset of cases; PPV, positive predictive value; Se, sensitivity; Sp, specificity; TN, true negative; TP, true positive: Y, yes; * number of dogs and 

cats with MCT not specified; **at least 50 dogs included (number of false negatives not extractable); ***only cytological samples classified as “certain metastasis” considered as 

metastatic by the original Authors; ****only HN2/3 histological cases included in the study – only May-Grünwald Giemsa-stained cytological samples taken into account for 

recalculation of diagnostic accuracy indexes – median values among the 3 cytologists; $recalculation of diagnsotic accuracy indexes considering the best case scenario (i.e. 

 

Langhenbach 

et al. (2001)108 

* 

Worley 

(2012)240 

Stefanello 

et al. 

(2015)201 

Ku et al. 

(2017)106 

Mutz et 

al. 

(2017)145 

Krick et 

al. 

(2017)105 

*** 

Sabattini 

et al. 

(2018)174 

**** 

Fournier 

et al. 

(2018)71 

Sulce et 

al. 

(2018)204 

$ 

Pecceu 

et al. 

(2019)156 

Fournier 

et al. 

(2020)73 

$ 

Current 

sudy – 

Krick’s 

system 

$$$ 

Current 

study – 

AM1 

system 

$$$ 

Current 

study – 

AM1.2 

system 

$$$ 

Acc 85.71% 50% 100% n/a 100% 78.57% 100% 84.62% 33.33% 90.00% 57.14% 78.95% 80.45% 80.45% 

Se 100% 50% n/a 67.44% 100% 75.00% n/a 75% 40.00% 85.19% 40.00% 65.71% 71.43% 70.00% 

Sp n/a n/a n/a n/a 100% 83.33% n/a 91% n/a 100% 100% 93.65% 90.48% 92.06% 

PPV 85.71% 100% 100% 80.56% 100% 85.71% 100% 86% 66.67% 100% 100% 92.00% 89.29% 90.74% 

NPV n/a n/a n/a n/a 100% 71.43% n/a 84% n/a 74.47% 40.00% 71.08% 74.03% 73.42% 

HN 

system 
NO NO NO PAR NO NO Y PAR Y Y Y Y Y Y 

Histo 

metachromatic 

stains 

NO OCC OCC NO NO ND Y OCC ND ND Y Y Y Y 

# cases 

evaluated 

7 

(6 TP, 1 FP, 0 

FN, 0 TN) 

4 

(2 TP, 0 

FP, 2 

FN, 0 

TN) 

50 

(50 TP, 0 

FP, 0 FN, 

0 TN) 

50** 

(29 TP, 7 

FP, 14 

FN, TN 

n/a) 

7 

(6 TP, 0 

FP, 0 

FN, 1 

TN) 

14 

(6 TP, 1 

FP, 2 

FN, 5 

TN) 

28 

(28 TP, 0 

FP, 0 FN, 

0 TN) 

78 

(25 TP, 4 

FP, 8 FN, 

41 TN) 

21 

(2 TP, 1 

FP, 3 

FN, 0 

TN) 

40$$ 

(23 TP, 0 

FP, 4 

FN, 13 

TN) 

21 

(6 TP, 0 

FP, 9 FN, 

6 TN) 

133 

(46 TP, 

4 FP, 24 

FN, 59 

TN) 

133 

(50 TP, 

6 FP, 20 

FN, 57 

TN) 

133 

(49 TP, 

5 FP, 21 

FN, 58 

TN) 
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“possible metastasis” considered as negative for metastasis); $$data for 1 LN not available; $$$median values among the 5 Readers – values referring to the best case scenario 

(i.e. “possibly metastatic” cytological diagnoses considered as negative for metastasis). 
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Besides the aforementioned differences in the cytological criteria applied among the 

different studies, comparison of diagnostic accuracy indexes might have been biased 

by the high variability in the number of investigated cases as well as by the lack of 

systematical application of the histological classification system by Weishaar et al. 234 

and of metachromatic stains for histological evaluation of LNs. Additionally, it is 

noteworthy that the reliability of the diagnostic accuracy indexes by Ku et al. is 

undermined by the lack of perfect matching between cytological and histological 

samples for some of the investigated LNs. According to the improved diagnostic 

perfomances showed by the AM1.2 system compared to the AM1 system, only the 

results of the first will be discussed in comparison to values referring to previously 

published studies. Nonetheless, the diagnostic accuracy indexes of the AM1 system 

are included in Table 10 for completeness. 

The application of the 3-classes simplified version of the system by Krick et al. and of 

the AM1.2 system in the current study was characterized by a moderate and high 

accuracy, respectively, falling between the lower range (33.33%-78.57%) reported for 

some studies 73,105,204,240 and the upper range (84.62%-100%) reported in the other 

works available for comparison.71,108,145,156,174,201 

The sensitivity value of the system by Krick et al. observed in the current study, 

which was judged as “low”, was lower than that reported in most of the previous 

studies (6 out of 9) available for comparison.71,105,106,108,145,156 Similarly, the moderate 

sensitivity value of the AM1.2 system was lower than that reported in most of the 

previous studies (5 out of 9) available for comparison.71,105,108,145,156 The classification 

of some cases as FN, which in statistical terms are to be considered as responsible 

for the reduction of the sensitivity value in diagnostic accuracy studies, could be 

justified primarily by intrinsic characteristics of cytological sampling. Indeed, cytology 

is based on the evaluation of variably small proportion of the LN, which cannot equal 

the amount of nodal tissue that is examined with histopathology. In this regards, 

cytological cases classified as FN might be characterized by a focal distribution of 

metastasis. This consideration is further strenghtened by the observation that touch 

imprints and scraping smears, which are generally characterized by an increased 

cellular yield compared to FNAs,48,229 were still obtained exclusively from two planar 



137 
 

sections of the LN. Nevertheless, the higher sensitivity value observed for the AM1.2 

system may be justified by the inclusion in this interpretative system of quantification 

of discrete atypical MCs, which conversely is not considered in the system by Krick et 

al.  

The application of both the 3-classes simplified version of the system by Krick et al. 

and the AM1.2 system was characterized by a very high specificity, falling between 

the lower range (83.33%-91.00%) values reported for two studies 71,105 and the 100% 

value reported in the other works available for comparison.73,145,156 Additionally, it is 

noteworthy that in 3 studies for which it was not possible to derive the value of 

specificity, a number of FP cases ranging from 1 to 7 was reported. 106,108,204 It is 

noteworthy that in the current study, at least 4 cases with a corresponding HN0 

histology were diagnosed as “metastatic” by the majority of or by all the Readers. 

The classification of cases as "false positives", which in statistical terms are to be 

considered as responsible for the reduction of the specificity value in diagnostic 

accuracy studies, might be found in more than one explanation.  

First of all, the counting of morphologically normal and atypical MCs in 8 HPFs 

together with excessively low cut-offs for their estimation might have led to an 

increased number of FP cases. This hypothesis is confirmed by the observation that 

for each Reader, the AM1 system was characterized by an increased number of FP 

cases compared to both the system by Krick et al. and the AM1.2 system (Appendix 

3 – Supplementary table 8). Indeed, it is highly probable that the arbitrary choice of 

the cut-offs included in the AM1 system for counting single MCs led to overestimate a 

number of cases that in histological examination actually turned out to be non-

metastatic. Conversely, the probability that the number of counted HPFs might have 

influenced the number of FP cases is pretty low according to the results showed in 

Section 1 of the current Thesis, which highlighted that neither the number of counted 

HPFs nor the counting of MCs over predetermined amounts of total cells influenced 

the number of MCs observed. This finding further justifies our choice of counting 

normal and atypical MCs in 8 HPFs rather than over predetermined amounts of total 

cells, in view of reducing the turnaround time for the application of the investigated 

cytological interpretative systems. The high discrepancy of FP cases among the 
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Readers (Appendix 3 – Supplementary table 8) might be further correlated with the 

fact that each Reader was left free to choose the 8 “hot spot-choosen” HPFs, 

although guidelines had been provided.  

Secondly, previous literature reported that routine histological staining with 

Hematoxylin-Eosin, which is characterized by a poor dye affinity towards 

metachromatic granules of MCs, is not always able to ensure a correct quantification 

of MCs present in the nodal histological sections.34,108,174 However, in our study this 

source of bias should be considered practically null since for each histological case 

both a section stained with Hematoxylin-Eosin and a section stained with Giemsa 

were evaluated.  

Thirdly, as previously suggested, it cannot be excluded that cytology was actually 

more reliable than histology in the evaluation of micrometastasis that were 

accidentally found only in the sampled material for cytological examination, thus not 

being evaluable during the subsequent histological examination.92 In the same study, 

Herring et al.92 reported that the histological examination of LN serial sections may 

improve sensitivity in detecting micrometastasis. To avoid this, in the last few years 

all LNs samples submitted to the Diagnostic Pathology Service of the DIMEVET 

underwent a standardized protocol for trimming and subsequent serial sectioning at 

regular intervals (1.5 mm).66 Nonetheless, another study questioned that a similar 

approach might only arbitrarily allow the detection of individual MCs or arranged in 

small clusters.120 Additionally, it is also noteworthy that  the criteria proposed by 

Weishaar et al. might still suffer from a certain degree of subjectivity in the evaluation 

(e.g. criteria do not report how the detection of numerous couples of MCs should be 

interpreted),92,120,234 thus requiring further studies on interobserver agreement in 

histological evaluation, which unfortunately have not been perfomed up to date.  

Finally, FP cases might derive from the contamination of the corresponding 

cytological slides with metastatic cells remained attached to the scalpel used for 

scraping smears preparation. Nonetheless, in the current study this hypothesis 

should be considered unreliable, given that most of the scraping smears were 

prepared by two of the investigators (Reader 3 and Reader 5) which were aware of 

this risk and thus payed attention in using a single scalpel for each sampled LN.  



139 
 

The application of both the 3-classes simplified version of the system by Krick et al. 

and the AM1.2 system was characterized by a very high positive predictive value, 

falling between the lower range (66-67%-85.71%) values reported for some of the 

studies previously published 71,105,106,108,204 and the 100% value reported in the other 

works.73,145,156,174,201,240 

Finally, the application of both the 3-classes simplified version of the system by Krick 

et al. and the AM1.2 system was characterized by a moderate negative predictive 

value, which was similar to that reported for the study by Krick et al.105 and lower 

than the 100% value reported for Mutz et al.145 This latter marked difference might be 

correlated to the very low number of cases (7) reported in the study by Mutz et al.  

As reported in human medicine,127,136,152,206 the intraoperative evaluation of frozen 

sections of the SLN might represent a technique which accuracy should be 

evaluated. Nonetheless, the use of this technique has only rarely been reported in 

veterinary medicine,15,16,237 probably due to cost and technical limits associated with 

the requirement of adequate equipment and trained staff.152 Sulce et al.204 proposed 

the use of flow cytometry on FNA samples for the quantification of nodal MCs in 

MCT-bearing dogs, with the further potential advantage of combining the evaluation 

of nodal MC immunophenotype with that of MCs from the matched primary mass. 

Nonetheless, as stated by the same Authors,204 further studies are warranted to 

establish correlation between MC estimates via flow cytometry on one hand and 

cytological and histopathological findings on the other. In this context, as already 

highlighted in the introduction, the use of cytology instead of frozen sections and flow 

cytometry in an intraoperative environment is supported by its low cost, safety, 

rapidity and feasibility also in first opinion practice,43,71,106,112,117,145,189 as further 

testified by the diffuse use of this technique in human medicine.50,96,241 Specifically, 

as illustrated in details in the introduction of Chapter 3, intraoperative cytology might 

be useful in those cases in which the SLN does not coincide with the RLN, or in 

which LN mapping techniques identified tissue other than LNs (e.g. fat) as the SLN. 

In the first scenario, a cytological diagnosis of metastatis in the SLN might push the 

surgeon toward extirpation also of the RLN, according to the previous observation 

that the SLN might represent a kind of “gate” for MCT metastasis toward other LNs,84 
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and that each metastatic LNs can function as reservoirs for MCs, increasing the total 

neoplasm burden and worsening the prognosis.119,159 In the second scenario, 

cytology might be useful in providing an immediate feedback to the surgeon who 

could then proceed further with the detection and extirpation of the real SLN or, 

eventually, of the RLN if a SLN could not be detected. In this context, according to 

the diagnostic accuracy indexes reported in the current study for each investigated 

cytological interpretative system, the AM1.2 system might be suitable for 

intraoperative cytologically evaluation of surgically excised SLN. This observation is 

correlated with the higher accuracy and sensitivity of this system compared to the 3-

classes simplified version of the system by Krick et al., and is further strenghtened by 

the simplicity of interpretation of the 2 possible diagnostic interpretations (i.e. non 

metastatic and metastatic). Despite not investigated in details in the current study, it 

is noteworthy that in spite of markedly decreased values of specificity and positive 

predictive value, the AM1.1 system was characterized by an even higher sensitivity. 

According to the current belief that selective lymphadenectomy is always useful and 

characterized by mild and infrequent controindications,65,66,119,120,129 the AM1.1 

system might be the best system for intraoperative evaluation of surgically extirpated 

SLNs. Nonetheless, further studies focusing on replicating the results of the current 

study are warranted before expressing a final recommendation on this topic. 

Additionally, in their study Sabattini et al.174 discouraged the use of rapid aqueous 

stains for the cytological evaluation of the metastatic status in MCT-bearing dogs in 

favor of May-Grünwald Giemsa or other metachromatic stains. Nonetheless, this 

aspect might be correlated with an undesirable prolongation of turnaround time of 

SLN cytological evaluation in an intraoperative context, according to the longer time 

required for methanolic-based stains.174 Therefore, further investigations are also 

warranted to establish faster protocols for metachromatic stains. 

The common sense would suggest that the reduction of possible diagnoses from the 

3 classes of the simplified version of the system by Krick et al. to the 2 classes of the 

AM1.2 system reduced tha percentage agreement for those cases previously 

classified as “possibly metastatic”.  Conversely, this hypothesis was denied by the 

observation that the AM1.2 system was characterized by a sensibly higher 

agreement with histopathology compared to the 3-classes simplifed version of the 
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system by Krick et al. for those cases with a corresponding HN1 or HN2/3 

histological diagnosis. This observation highlights that quantification of discrete MCs, 

and specifically of atypical ones, represents a key step in cytological evaluation of 

LNs obtained from MCTDs. Nonetheless, it is noteworthy that ROC curves gave back 

a biologically paradoxal optimal cut-off for the quantification of normal MCs in the 

AM1.2 system. Considered this observation, it cannot be excluded that the sensibly 

reduced specificity and positive predictive value of the AM1.1 system might be the 

consequence of the inclusion of quantification of normal MCs among the cytological 

criteria that should have been evaluated. According to these considerations, further 

investigations are warranted to establish more precise cut-off for the quantification of 

normal MCs in cytological LN samples obtained from MCTDs.  

To the best of our knowledge, the current study is the first taking into account 

different cytological sampling techniques in the evaluation of the agreement between 

cytology and histology in the investigation of LN metastasis in canine MCTs. In this 

regards, the AM1.2 system showed a sensibly higher agreement with histopathology 

for all the sampling techniques compared to the 3-classes semplified version of the 

system by Krick et al. The results of the current study unexpectedly showed that 

system by Krick et al., although originally designed for the evaluation of FNAs, was 

generally less effective in achieving the correct diagnosis in these kind of samples 

compared to touch imprints and scraping smears. Conversely, the high agreement 

between cytology and histology for touch imprints and scraping smears when the 

AM1.2 system was applied, might be the consequence of the fact that the cut-offs for 

the same system were established according to quantifiable parameters evaluated in 

a caseload which was mostly composed by these kind of specimens.  The agreement 

with histology of the AM1.2 system for FNAs was still considered low. According to 

previous considerations, this observation might be correlated with the very low 

number of FNAs (15) included in the current study, further highlighting the need of 

additional investigations to validate and eventually improve the accuracy of the 

AM1.2 system in the evaluation of this kind of cytological specimens.  

When the concordance between the cytological diagnoses of the cases referring to 

the same LN but sampled with different techniques was investigated, the AM1.2 
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system showed a higher number of cases with complete intersampling coherence 

and a lower number of cases with intersampling incoherence compared to that for the 

3-classes simplifed version of the system by Krick et al. The persistency of a certain 

proportion of discrepances in the cytological diagnosis of different specimens 

obtained from the same LN might be correlated to the need of further refining 

cytological criteria on the basis of the sampling technique. Nevertheless, this seems 

to contrast with the almost overlapping percentage agreement between cytology and 

histology when the cases were grouped according to the sampling technique. 

Additionally, it should be remembered that in daily practice, touch imprinting and 

scraping smearing might represent complementary techniques, compensating each 

other and providing potential material for the application of immunocytochemical and 

molecular biology investigations. Another interesting observation is that the AM1.2 

system still showed a relatively high proportion of cases with complete intersampling 

agreement but expressing the wrong diagnosis. Similarly, when the agreement 

among the diagnoses expressed according to each cytological interpretative system 

applied was investigated, a considerable proprotion of cases were cytologically 

diagnosed in the same way, but no agreement was observed with the corresponding 

histopathological diagnosis. These observations were in line with the significant p 

value for both the 3-classes simplified version of the system by Krick et al. and the 

AM1.2 system when McNemar’s test was applied. This finding finally confirmed the 

presence of a test bias, supporting the previous observation that histological 

examination of LNs from MCTDs cannot always be reliably substituted by cytology.71 

Anyway, the fact that only few LNs (3) were sampled applying all the 3 different 

techniques might have limited the reliability of the results of the current study in this 

specific topic. This observation might be worsened by the fact that specimens 

sampled with different techniques form the same LNs were considered as 

indipendent cases in the current study.  

A major strength of the current study was represented by the application of the 

STARD guidelines 27 that, in addition to increase the standardization and 

reproducibility of this work, allowed a quick and clear comparison of obtained results 

with those reported in previous studies that had applied the same guidelines.71 

However, item 22 (report of clinical interventions occurred between the performance 
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of the index test and the gold standard test) and item 25 (side effects occurred 

following the performance of the index test and/or the reference standard test) of 

STARD guidelines wer not fulfilled in the current study due to lack of specifical 

clinical information for some of the cases investigated. 

Limitations other than the aforementioned ones that characterize the current study 

were largely due to its retrospective nature. To the Authors’ opinion, the lack of 

statistical analysis aiming to validate the AM1.2 system correlating it with the clinical 

outcome of investigated dogs, represents the major limit of this work. The choice of 

excluding this investigation from the current study was mainly due to the relatively 

low number of included dogs in association with the marked differences in applied 

therapeutic protocols (e.g. some histological specimens were obtained from RLNs 

while the other ones from SLNs). These conditions might have introduced too many 

confounding effects in the statistical analysis, biasing the results in an unpredictable 

and unclear way. Nonetheless, additional samples are currently under collection, 

allowing further investigations in this direction in the future.  

Another limitation of the current study was the lack of analysis aiming to investigate 

the presence of correlations between nodal metastatic status and the grade of the 

corresponding primary MCT.5,196,201 In the last years, an increasing number of 

histologically low-grade but still biologically aggressive MCTs has been described in 

the literature.5,103,196,201 Additionally, it cannot be excluded that cytologically and /or 

histologically well-differentiated, low grade tumors might be associated with the 

presence of nodal atypical MCs, representing neoplastic cells that underwent 

premature mutations associated with a more aggressive biological behavior. 

According to all these considerations, further and specific studies focusing on this 

topic are warranted.  

Several sources of selection bias strictly correlated with the retrospective nature of 

the current study, might have undermined the reliability of our results. In this context, 

it should be remembered that the rationale underlying the setting of the inclusion 

criteria for our study was to guarantee a perfect matching between cytological and 

histological samples referring to each LN investigated. Firstly, the retrospective 

nature of our work imposed a sample size equal to the number of cases in the 
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archives that met the inclusion criteria, making inapplicable any test of statistical 

power to determine the number of samples needed to improve reliability of findings. 

However, it should be noted that, to the best of our knowledge, the current study 

investigated a higher number of cases compared to other works previously 

published. Secondly, the prevalence of LN metastasis reported in the current study is 

noticeable and higher than that available among the works that included the largest 

number of investigated cases.71,201 Nevertheless, our value of metastasis prevalence 

was really similar to that reported in previous study focused on investigation on 

SLNs,66,73,240 probably due to the fact that the majority of investigated LNs in the 

current work were SLNs. Thirdly, the fact that most patients (43 out of 47 dogs) were 

treated at the DIMEVET University Hospital (OVU) may have affected the severity of 

clinical presentations. Nonetheless, the Small Animal Surgery and Diagnostic 

Imaging Services of the DIMEVET represent a reference center for the whole North-

West of Italy in the treatment of canine MCT, attracting also numerous dogs affected 

by de novo MCT presentation. This situation might have also positively influenced the 

standardization of LN sampling for cytological and histopathological investigations, 

which was performed by a small group of highly specialized university personnel. 

Finally, only one cytological case among those evaluated in this study was obtained 

from the necropsy of a dog dead due to MCT systemic spreading.  

The choices applied to allow the calculation of diagnostic accuracy indexes might 

have further biased the results of the current study. Specifically, the choice of 

considering HN1 diagnoses as negative for metastasis might have strongly 

influenced the diagnostic accuracy indexes reported in the current study, despite 

perfectly consistent with previous literature.65,73,84,120,156,204,234 Nonetheless, according 

to the fact that the biological role of LNs classified as HN1 is still unclear,65,196,234 and 

in view of future progresses in the knowledge regarding this topic, all raw data of the 

current study including the cytological diagnoses expressed by each Reader and the 

corresponding histological diagnosis are available in Appendix 3 – Supplementary 

Table 2. Similarly, diagnostic accuracy indexes calculated for each investigated 

cytological interpretative system and including the values for both the best and the 

worst case scenario (i.e. considering “possibly metastatic” cytological cases as 



145 
 

negative and positive for metastasis, respectively) are available for comaprison with 

eventual future studies (provided in Appendix 3 – Supplementary Table 10). 

In conclusion, the current study conducted according to STARD guidelines,27 

investigated  interrater agreement and diagnostic accuracy of the cytological 

interpretative system currently available in literature for the evaluation of the nodal 

metastatic status in MCTDs,104 as well as those of 2 amendments of the latter (AM1 

and AM1.2 system) proposed by our research group, using histopathology as the 

reference standard. According to the observed results, the AM1.2 system could 

represent a valid alternative to the simplified 3-classes version of the system 

proposed by Krick et al., being characterized by an almost overlapping interrater 

agreement, and sensibly higher accuracy and sensitivity without substantial changes 

of the other diagnostic accuracy indexes. These observations further suggest the use 

of the AM1.2 system also in an intraoperative environment for the real-time 

evaluation of surgically-extirpated SLNs. On the other hand, the relatively low 

number of dogs included in the study, the different techniques applied for LN 

cytological sampling in association with the low number of included FNAs, the uni-

institutional nature of our study, and the lack of investigation of prospective 

correlations with clinical outcome, push toward considering the results of the current 

work as preliminary. Therefore, other investigators are kindly invited to replicate this 

study to verify the reliability of our results, eventually providing more precise cut-offs 

for MC quantification and additional cytological criteria better fitting with the 

histopathological diagnosis and the clinical outcome.  
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APPENDICES 

 

APPENDIX 1 – Supplementary material to 

Chapter 3 – Section 1 and Section 2 
 

Supplementary Figure 1 – Examples of morphological features evaluated to classify 

the cytological cases 

 

A) Encircled in red, example of mast cells (MCs) arranged in a triplet. B) Encircled in red, example of MCs 

arranged in a couple. C) and D) Encircled in red, examples of aggregates composed by >3 MCs. E) Example of 

replacement of >50% total lymphoid cells by MCs.  
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Supplementary Figure 2 – Examples of histopathological features evaluated to classify 

the histological cases according to the interpretative system by Weishaar et al.234 

All sections were stained with Giemsa histochemical stain. A) Lymph node (LN) classified as 

HN0 (“non-metastatic”). An individualized mast cell (MC) is present in a 400x high power field 

(HPF). B) LN classified as HN1 (“pre-metastatic”). Greater than 3 individualized MCs are 

present in a 400x field. C) and D) LNs classified as HN2 (“early metastasis”). Clusters 

composed by >3 MCs (figure C) or sinusoidal sheets of MCs (figure D) are needed to assign 

a LN to the HN2 class. E) and F) LNs classified as HN3 (“overt metastasis”). Large clusters 

of MCs effacing the normal nodal architecture are required to assign a LN to the HN3 class.   
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APPENDIX 2 – Supplementary material to 

Chapter 3, Section 1 
 

Supplementary Figure 1 – Examples of microphotographs evaluated in the current 

study  

 
Figure A. Example microphotograph showing the square grid applied to facilitate cell counting. Highlighted by red 

dots, mast cells (MCs). Highlighted by blue dots, cells other than MCs. Figure B. Examples of cells excluded from 

counting. Encircled in yellow, a mitotic cell. Encircled in red, a neked nucleus. Encircled in blue, a cell only 

partially depicted..  
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Supplementary Figure 2 – Selection workflow for cases included in the current study.  

 

Legend: FNA, fine-needle aspiration; LN, lymph node; MCT, mast cell tumor; MCTDs, mast cell tumor-bearing 

dogs; NODs, non-oncological dogs; NPL, neoplasm; cellularity; SCRA., scraping smears; TIC, touch imprints. 
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Supplementary Figure 3 – Nodal mast cells in non-oncological dogs (NODs) compared 

to cases obtained from mast cell tumor-bearing dogs (MCTDs) and classified as “non 

metastatic” (NM), “possibly metastatic” (PM), and “metastatic” (M) 

 

The box represents the interquartile range, with the internal horizontal line indicating the median value. The tip of 

the upper whisker indicates the maximum value while the tip of the lower whisker reports the minimum value. 

Statistically significant differences as determined with Kruskall-Wallis test with Dunn’s correction for multiple 

comparisons, are indicated by black bars and stars, and mirrored those reported in Section 1 – Figure 2 and 

described in the main text . Statistically significant differences as determined with Mann-Withney test are 

indicated by red bars and stars. Legend: HPFs, high power fields; MCs, mast cells; #, number of; *, p<0,05; **, 

p<0,01; ***, p<0,001; ****, p<0.0001. 
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Supplementary Table 1 - Criteria and corresponding interpretation applied for the 

cytological evaluation of LN metastatic status in MCT-bearing dogs 

Cytological criteria Interpretation 

No MCs observed; OR >50% small lymphocytes with a mixed population of 

prolymphocytes, lymphoblasts, plasmacells, and/or few to moderate numbers 

of macrophages, neutrophils, and eosinophils, and/or rare individual MCs 

Non-metastatic 

(former “normal” + “reactive 

lymphoid hyperplasia”) 

2-3 incidences of MCs aggregated in couples or triplets 

Possibly metastatic 

(former “possible metastasis”) 

>3 incidences of MCs aggregated in couples or triplets and/or 2-5 aggregates 

composed by >3 MCs; OR Effacement of lymphoid tissue by MCs, and/or 

aggregated, poorly differentiated MCs (pleomorphism, anisocytosis, 

anisokaryosis, and/or decreased or variable granulation), and/or >5 

aggregates composed by >3 MCs 

Metastatic 

(former “probable metastasis” + 

“certain metastasis”) 

Legend: MC, mast cell. Table adapted from Krick et al.104 
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Supplementary Table 2 - Signalment data of dogs included in the study and details regarding investigated LNs. 

Dog 

ID 
Breed Sex Age 

Primary 

process 

Case 

ID 
LN location LN size RLN or SLN 

Category / 

Subcategory 

Histology 

(agreement) 

Retrieved 

cytological 

slides 

# cytological 

slides used 

for micropic 

Entirely-counted 

micropic 

1 Mongrel NF 3yy 

Rhinitis, 

dermatitis, and 

reactive 

histiocytosis 

#8 R mandibular Megalic (mild) 
RLN 

Cat.1 n/a 2 2 5 

#28 L mandibular Normal 
RLN 

Cat.1 n/a 2 2 7 

2 Mongrel CM 9yy 
Necrotizing 

gingivitis 
#9 Retromandibular n/d 

RLN 
Cat.1 n/a 2 1 8 

3 Dachshund F 5yy 
Bilateral 

purulent otitis 

#35 R prescapular 
Megalic 

(moderate) 
RLN 

Cat.1 n/a 2 1 7 

#16 L prescapular 
Megalic 

(moderate) 
RLN 

Cat.1 n/a 1 1 6 

4 
Ibizan 

Hound 
Ma 1yy Leishmaniasis #18 L submandibular Megalic (mild) 

RLN 
Cat.1 n/a 2 2 6 

5 Dachshund NF 9yy Leishmaniasis #37 Prescapular 3 cm 
RLN 

Cat.1 n/a 2 2 8 

6 Shar Pei NF 
4yy 

8mm 

Hepatic 

amyloidosis 
#38 R popliteal 1 cm 

RLN 
Cat.1 n/a 1 1 8 

7 Mongrel Ma 9yy 
Allergic 

dermatopathy 
#21 n/d n/d 

RLN 
Cat.1 n/a 2 2 13 

8 
English 

Setter 
NF 12yy Stomatitis #2 Cervical (ventral) n/d 

RLN 
Cat.1 n/a 2 2 12 

9 

Jack 

Russell 

Terrier 

NF 
11yy 

11mm 
MCT (n/d) 

#39 L iliac Megalic (n/d) 
RLN Subcat.M 

Subcat.2.1 
n/a 3 1 14 

#19 R iliac Megalic (n/d) 
RLN Subcat.M 

Subcat.2.1 
n/a 1 1 14 

10 
Coton de 

Tulear 
NF 

13yy 

11mm 
MCT (L thorax) #20 L axillary n/d 

RLN Subcat.M 

Subcat.2.1 
n/a 2 2 19 

11 
French 

Bulldog 
Ma 7yy 

MCT (L 

forelimb) 
#40 

L cervical 

(superficial) 
n/d 

RLN Subcat.M 

Subcat.2.1 
HN3 (Y) 3 1 13 
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Dog 

ID 
Breed Sex Age 

Primary 

process 

Case 

ID 
LN location LN size RLN or SLN 

Category / 

Subcategory 

Histology 

(agreement) 

Retrieved 

cytological 

slides 

# cytological 

slides used 

for micropic 

Entirely-counted 

micropic 

12 Beagle Ma 11yy MCT (n/d) #17 R prescapular 
Megalic 

(severe) 
RLN Subcat.M 

Subcat.2.1 
n/a 4 2 14 

13 Tosa Inu Ma 4yy MCT (prepuce) #6 Popliteal 
Megalic 

(moderate) 
RLN Subcat.NM 

Subcat.2.1 
n/a 2 2 8 

14 
Labrador 

Retriever 
Ma 5yy 

MCT (R 

hindlimb) 
#34 R prescapular 

Megalic 

(severe) 
RLN Subcat.NM 

Subcat.2.1 
n/a 2 2 16 

15 Mongrel NF 
7yy 

11mm 
MCT (L flank) #1 L inguinal Megalic (mild) 

RLN Subcat.NM 

Subcat.2.1 
HN2 (N) 2 2 10 

16 Maltese CM 5yy MCT (R thorax) #27 L popliteal Megalic (mild) 
RLN Subcat.NM 

Subcat.2.1 
n/a 2 2 10 

17 Boxer F 12yy 
MCT (breast; L 
forelimb – III 

digit) 

#36 L prescapular Megalic (n/d) 
RLN Subcat.PM 

Subcat.2.1 
HN2 (P) 3 1 14 

18 Mongrel NF 6yy MCT (breast) 

#14 
R inguinal 

(lateral) 
Normal 

RLN Subcat.M 

Subcat.2.2 
HN3 (Y) 2 1 11 

#33 
R inguinal 

(medial) 
Normal 

RLN Subcat.M 

Subcat.2.2 
HN3 (Y) 2 1 6 

19 
Labrador 

Retriever 
Ma 7yy MCT (prepuce) #15 R inguinal 3x0.8x0.5 cm 

SLN Subcat.PM 

Subcat.2.2 
HN0 (N) 1 1 9 

20 Mongrel CM 12yy 

MCT (head) 

#23 L prescapular #2 1.2x0.7x0.4 cm 
SLN Subcat.NM 

Subcat.2.2 
HN0 (Y) 2 2 7 

#3 L prescapular #2 1.2x0.7x0.4 cm 
SLN Subcat.NM 

Subcat.2.3 
HN0 (Y) 1 1 8 

#24 L prescapular #1 
2.45x1.1x0.95 

cm 
SLN Subcat.NM 

Subcat.2.3 
HN2 (N) 1 1 6 

#22 L prescapular #3 2.4x1.3x0.6 cm 
SLN Subcat.NM 

Subcat.2.3 
HN0 (Y) 1 1 10 

MCT (breast) #4 R inguinal 
1.35x0.95x0.45 

cm 
SLN Subcat.M 

Subcat.2.2 
HN2 (Y) 1 1 7 
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Dog 

ID 
Breed Sex Age 

Primary 

process 

Case 

ID 
LN location LN size RLN or SLN 

Category / 

Subcategory 

Histology 

(agreement) 

Retrieved 

cytological 

slides 

# cytological 

slides used 

for micropic 

Entirely-counted 

micropic 

#5 R inguinal 
1.35x0.95x0.45 

cm 
SLN Subcat.PM 

Subcat.2.3 
HN2 (P) 1 1 9 

MCT (R thight) 

#25 R inguinal #2 2.5x1x0.7 cm 
SLN Subcat.PM 

Subcat.2.2 
HN2 (P) 1 1 8 

#26 R inguinal #2 2.5x1x0.7 cm 
SLN Subcat.M 

Subcat.2.3 
HN2 (Y) 1 1 9 

21 
English 

Setter 
M 6yy 

MCT (R 

hindlimb) 

#10 R inguinal #1 1.8x1.5 cm 
SLN Subcat.M 

Subcat.2.2 
HN3 (Y) 1 1 12 

#30 R inguinal #2 0.9x1 cm 
SLN Subcat.M 

Subcat.2.2 
HN3 (Y) 1 1 19 

#31 R popliteal 3.1x1.4 cm 
SLN Subcat.PM 

Subcat.2.3 
HN2 (P) 1 1 7 

22 Mongrel NF 7yy MCT (n/d) 

#32 Prescapular Normal 
SLN Subcat.M 

Subcat.2.2 
HN3 (Y) 2 1 16 

#11 Prescapular Normal 
SLN Subcat.M 

Subcat.2.3 
HN3 (Y) 2 1 8 

23 Boxer NF 6yy 
MCT (L 

forelimb) 

#12 L prescapular n/d 
RLN Subcat.NM 

Subcat.2.2 
HN3 (N) 4 4 5 

#13 L prescapular n/d 
RLN Subcat.M 

Subcat.2.3 
HN3 (Y) 5 2 6 

24 Mongrel CM 4yy MCT (L thorax) #7 
Axillary 

(accessory) 
0.5x0.5x0.3 cm 

SLN Subcat.NM 

Subcat.2.3 
HN0 (Y) 2 2 8 

25 
Golden 

Retriever 
NF 4yy MCT (R hock) #29 R popliteal n/d 

RLN Subcat.M 

Subcat.2.3 
HN3 (Y) 5 4 12 

Legend: Case ID, randomized blinded ID assigned to each cytological specimen considered as an independent case; Cat.1, nodal sample obtained from non-oncological dog; 

CM, castrated male; F, female; HNO, “non-metastatic” according to Weishaar et al.;234 HN2, “early metastasis” according to Weishaar et al.; HN3, “overt metastasis” according 

to Weishaar et al.; L, left; LN, limph node; Ma, male; MCT, mast cell tumor; Megalic (mild), <2cm; Megalic (moderate), 2-5cm; Megalic (severe), i.e. >5cm; micropic, 

microphotographs; mm, months; NF, neutered female; n/a, not applied; n/d, not determined; R, right; RLN, regional lymph node; SNL, sentinel lymph node; Subcat.M, 

cytologically metastatic nodal sample obtained from MCT-bearing dog; Subcat.NM, cytologically non metastatic nodal sample obtained from MCT-bearing dog; Subcat.PM, 

cytologically possibly metastatic nodal sample obtained from MCT-bearing dog; Subcat.2.1, nodal sample obtained from MCT-bearing dog via fine-needle aspiration; 



166 
 

Subcat.2.2, nodal sample obtained from MCT-bearing dog via scraping smearing; Subcat.2.3, nodal sample obtained from MCT-bearing dog via touch imprinting; yy, years; (N), 

lack of agreement between cytological and histological diagnosis; (P), partial agreement between cytological and histological diagnosis; (Y), agreement between cytological and 

histological diagnosis.  
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Supplementary Table 3 – Median and mean absolute and percentage number of nodal 

mast cells in non-oncological dogs (NODs) and mast cell tumor-bearing dogs 

(MCTDs). 

Group 
# 

cases 

Counting 

method 
Median 

Min-

max 

range 

Mean 
Std 

dev 
Median% 

Min-max 

range% 
Mean% 

Std 

dev% 

NODs 

(Cat .1) 

10 

4 HPFs 0 0-1 0.1 0.32 // // // // 

8 HPFs 0 0-2 0.2 0.63 // // // // 

20 HPFs 0.5 0-11 1.7 3.37 // // // // 

500 cells 0 0 0 0 0 0 0 0 

1000 cells 0 0-0.86 0.09 0.27 0 0-0.09 0.01 0.03 

2000 cells 0 0-2 0.2 0.63 0 0-0.1 0.01 0.04 

MCTDs 

(Cat.2) 

30 

4 HPFs 8 0-511 85.6 130.5 // // // // 

8 HPFs 13.5 0-1073 173.1 268.6 // // // // 

20 HPFs 28 1-2362 428.3 657.2 // // // // 

500 cells 3.90 
0-

427.9 
79.22 130.2 0.78 0-85.58 15.84 26.05 

1000 cells 6.06 
0-

877.1 
153.8 257.5 0.61 0-87.71 15.38 25.75 

2000 cells 12.8 0-1743 307.9 513.6 0.64 0-87.14 15.39 25.68 

Legend: HPFs, high power fields; Median%, median of the number of mast cells expressed as the percentage 

over 500, 1000, and 2000 cells; Min-max range, minimum-mximum range referred to the Median; Min-max 

range%, minimum-maximum range referred to the Median%; Mean%, mean of the number of mast cells 

expressed as the percentage over 500, 1000, and 2000 cells; Std dev, standard deviation; Std dev%, standard 

deviation referred to the Mean%. 
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Supplementary Table 4 – Median and mean absolute and percentage number of mast 

cells in nodal specimens obtained from mast cell tumor-bearing dogs (MCTDs) and 

classified as “non metastatic” (NM), “possibly metastatic” (PM), and “metastatic” (M).  

Group 
# 

cases 

Counting 

method 
Median 

Min-

max 

range 

Mean 
Std 

dev 
Median% 

Min-

max 

range% 

Mean% 
Std 

dev% 

NM 

(Subcat.2.NM) 

10 

4 HPFs 0 0-3 0.6 0.97 // // // // 

8 HPFs 0.50 0-4 1.10 1.45 // // // // 

20 HPFs 2 1-6 2.40 1.58 // // // // 

500 cells 0 0-0.9 0.25 0.40 0 0-0.18 0.05 0.08 

1000 cells 0 0-2.6 0.68 1.02 0 0-0.26 0.07 0.10 

2000 cells 0.50 0-2.91 1.04 1.22 0.03 0-0.15 0.05 0.06 

PM 

(Subcat.2.PM) 

5 

4 HPFs 5 1-9 5.40 2.97 // // // // 

8 HPFs 9 3-16 8.80 5.12 // // // // 

20 HPFs 28 6-28 19.40 11.78 // // // // 

500 cells 4.39 
0.97-

6.38 
4.05 2.26 0.88 

0.19-

1.28 
0.81 0.45 

1000 cells 5.24 
1.99-

7.54 
5.12 2.24 0.52 

0.20-

0.75 
0.51 0.22 

2000 cells 8.70 
4.84-

16.82 
9.39 5.02 0.43 

0.24-

0.84 
0.47 0.25 

M 

(Subcat.2.M) 

15 

4 HPFs 188 5-511 169 142.7 // // // // 

8 HPFs 319 
7-

1073 
342.6 296.4 // // // // 

20 HPFs 782 
21-

2362 
848.6 718.3 // // // // 

500 cells 120 
0.88-

427.9 
156.9 149 24 

0.18-

85.58 
31.39 29.79 

1000 cells 230.8 
4.34-

877.1 
305.4 296.7 23.08 

0.43-

87.71 
30.54 29.67 

2000 cells 525.3 
6.98-

1743 
611.9 590.2 26.26 

0.35-

87.14 
30.60 29.51 

Legend: HPFs, high power fields; Median%, median of the number of mast cells expressed as the percentage 

over 500, 1000, and 2000 cells; Min-max range, minimum-mximum range referred to the Median; Min-max 

range%, minimum-maximum range referred to the Median%; Mean%, mean of the number of mast cells 

expressed as the percentage over 500, 1000, and 2000 cells; Std dev, standard deviation; Std dev%, standard 

deviation referred to the Mean%.  
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Supplementary Table 5 – Median and mean absolute and percentage number of mast 

cells in nodal specimens obtained from mast cell tumor-bearing dogs (MCTDs) and 

sampled via fine-needle aspiration (FNA), scraping smearing (SCRA), and touch 

imprinting (TIC). 

Group 
# 

cases 

Counting 

method 
Median 

Min-

max 

range 

Mean 
Std 

dev 
Median% 

Min-

max 

range% 

Mean% 
Std 

dev% 

FNA 

(Subcat.2.1) 

10 

4 HPFs 94.5 0-511 156.3 182.6 // // // // 

8 HPFs 181.5 
0-

1073 
328.4 385.5 // // // // 

20 HPFs 620 
1-

2361 
833.6 931.7 // // // // 

500 cells 124.4 
0-

427.9 
165.2 181.8 24.89 0-85.58 33.04 36.37 

1000 cells 251.3 
0-

877.1 
332.5 366.1 25.13 0-87.71 33.25 36.61 

2000 cells 476.9 
0-

1743 
652.1 726.1 23.85 87.14 32.61 36.30 

SCRA 

(Subcat.2.2) 

5 

4 HPFs 26 0-215 73.5 88.93 // // // // 

8 HPFs 55.50 0-426 145.4 168.9 // // // // 

20 HPFs 136.5 2-958 365.8 413.6 // // // // 

500 cells 19.10 0-250 57.83 82.82 3.82 0-50 11.57 16.56 

1000 cells 36.55 
0-

389.5 
102.6 138.5 3.66 0-38.95 10.26 13.86 

2000 cells 66.11 
0-

886.6 
226.2 313.1 3.31 0-44.33 11.31 15.65 

TIC 

(Subcat.2.3) 

15 

4 HPFs 7 0-208 27 63.97 // // // // 

8 HPFs 10.50 0-319 45.60 97.88 // // // // 

20 HPFs 17.50 1-610 85.60 187.2 // // // // 

500 cells 2.25 0-120 14.66 37.22 0.45 0-24 2.93 7.44 

1000 cells 4.32 
0-

201.2 
26.22 62.01 0.44 0-20.12 2.62 6.20 

2000 cells 9.42 
0-

309.7 
45.29 95.03 0.47 0-15.49 2.27 4.75 

Legend: HPFs, high power fields; Median%, median of the number of mast cells expressed as the percentage 

over 500, 1000, and 2000 cells; Min-max range, minimum-mximum range referred to the Median; Min-max 

range%, minimum-maximum range referred to the Median%; Mean%, mean of the number of mast cells 

expressed as the percentage over 500, 1000, and 2000 cells; Std dev, standard deviation; Std dev%, standard 

deviation referred to the Mean%.  
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Supplementary Table 6 – Median and mean cellularity per field of each category and 

subcategory (i.e. “group”) investigated in the current study. 

Group # cases Median Min-max range Mean Std dev 

NODs 

(Cat .1) 

10 286.7 144.6-407.2 282.1 78.52 

MCTDs 

(Cat.2) 

30 222.2 74.8-448.6 222.5 87.67 

NM 

(Subcat.2.NM) 

10 251.8 144.2-448.6 260.9 87.48 

PM 

(Subcat.2.PM) 

5 238.6 125.2-301.4 231.4 65.59 

M 

(Subcat.2.M) 

15 162.2 74.8-357.8 193.9 88.40 

FNA 

(Subcat.2.1) 

10 147.2 74.80-230.4 153.5 53.20 

SCRA 

(Subcat.2.2) 

10 245.8 108.8-448.6 249.7 101.5 

TIC 

(Subcat.2.3) 

10 281.7 155.6-342.6 264.2 59.86 

Legend: FNA, fine-needle aspiration; M, metastatic; MCTDs, mast cell tumor-bearing dogs; Min-max range, 

minimum-maximum range referred to the Median; NM, non metastatic; NODs, non-oncological dogs; PM, possibly 

metastatic; SCRA, scraping smearing; Std dev, standard deviation; TIC, touch imprinting. 
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APPENDIX 3 – Supplementary material to 

Chapter 3, Section 2 
 

Supplementary Section 1 – Rationale applied by our research group to modify the 

cytological interpretative system proposed by Krick et al.104 and to set criteria 

included in “Amendment 1” to the same system.  

The changes made by our research group to modify the interpretative system proposed by 

Krick et al.,104 aiming to standardize and make more reproducible the criteria for each 

diagnostic class, were the following:  

 merge of the interpretative classes "probable metastasis" and "certain metastasis" into a 

single diagnostic class renamed "metastatic" (M), as already proposed by Mutz et al.,145 

with consequent incorporation of the criteria of the previous class "probable metastasis" 

into the new class M;  

 merge of the classes "normal" and "reactive lymphoid hyperplasia" into a single class 

renamed "non metastatic" (NM), based on the absence of a statistically signif icant 

difference between the median survival times of dogs belonging to the two original 

classes, as reported by Krick et al.104 and as already performed by previous 

investigators;73  

 change of the name of the interpretative class "possible metastasis" into "possibly 

metastatic" (PM); 

 introduction of cut-offs for the quantification of discrete, morphologically normal MCs. 

Specifically, the cut-off for shifting from NM class to PM class was set at 4 normal MCs 

for HPF on 8 HPFs in total (corresponding to 25-56 normal MCs/8 HPFs). This choice 

was based on the cut-off established by Weishaar et al.(Weishaar et al., 2014) for the 

transition from HNO class to HN1 class. The doubling of HPFs to be evaluated compared 

to the ones proposed by Weishaar et al. is in agreement with Scarpa et al.184 who 

suggested that, in terms of cellularity, 1 histological HPF corresponds approximately to 2 

cytological HPF. For the transition from PM class to M class, the cut-off of 4 MCs was 

duplicated on an arbitrary basis to 8 well differentiated MCs for HPF on 8 HPFs 

(corresponding to ≥57 normal MCs/8 HPFs);  

 introduction of criteria and cut-offs for the quantification of discrete, atypical MCs. 

Considering that atypical MCs should not be present in a normal or reactive lymph 

node,112,116 the cut-off for the latter was set on an arbitrary basis at 4 atypical MCs per 8 
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HPF for the transition from NM class to PM class, and at 8 atypical MCs per 8 HPF for 

the transition from PM class to M class. 

The resulting interpretative system is illustrated in Section 2 – Table 1.  
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Supplementary Figure 1 – Selection workflow for cases included in the current study.  

 

Legend: FNA, fine-needle aspiration; histo, histology/histological; LN, lymph node; MCT, mast cell tumor; MCTDs, 

mast cell tumor-bearing dogs; NCB, needle-core biopsy; NPL, neoplasm; cellularity; SCRA., scraping smears; 

TIC, touch imprints; *, no MCT reported in clincial history, or insufficient clincial history; **, histological samples 

characterized by nodal neoplasms other than MCT (e.g. lymphoma), or by the absence of LN tissue with the 

exclusive presence of different tissues (e.g. adipose tissue, salivary gland, etc.).  
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Supplementary Table 1 - Signalment data of dogs included in the study and details regarding investigated LNs. 

Dog 

ID 
Breed 

Se

x 

Age 

(yy) 
MCT location 

LN 

ID 
LN Location 

LN size 

(cm) 

Histological 

diagnosis 

(Weishaar et al. 

2014)234 

RLN or 

SLN 

Sampling 

technique 

Final case 

ID 

#1 Setter 
C

M 
12 Multiple MCT (disseminated) #1.1 Axillary ND HN2 RLN SCRA #1.1.1 

#9 Labrador Retriever M 7 Ventral prepuce 

#9.1 Inguinal L 2.4x0.7x0.4 HN2 SLN 
SCRA #9.1.1 

TIC #9.1.2 

#9.2 Inguinal R #1 1.6X1X0.7 HN3 SLN 
SCRA #9.2.1 

TIC #9.2.2 

#9.3 Inguinal R #2 3x0.8x0.5 HN0 SLN SCRA #9.3.1 

#18 Mongrel NF 6 Breast 

#18.1 
Inguinal lateral 

R 
ND HN3 RLN 

SCRA #18.1.1 

TIC #18.1.2 

#18.2 
Inguinal 

median R 
ND HN3 RLN 

SCRA #18.2.1 

TIC #18.2.2 

#18.3 
Inguinal medial 

R 
ND HN3 RLN 

SCRA #18.3.1 

TIC #18.3.2 

#19 Mongrel NF 11 L forearm #19.1 Prescapular L 1.8x1.2x0.3 HN0 SLN 
TIC #19.1.1 

SCRA #19.1.2 

#20 Breton M 10 L stifle 

#20.1 Mandibular #1 ND HN0 RLN TIC #20.1.1 

#20.2 Mandibular #2 ND HN0 RLN TIC #20.2.1 

#20.3 Mandibular #3 ND HN0 RLN TIC #20.3.1 

#24 English Setter M 6 R hindlimb 

#24.1 Inguinal R #1 1.8x1.5 HN3 SLN 
SCRA #24.1.1 

TIC #24.1.2 

#24.2 Inguinal R #2 1x0.9 HN3 SLN 
SCRA #24.2.1 

TIC #24.2.2 

#24.3 Popliteal R #1 2.1x1.4 HN2 SLN SCRA #24.3.1 
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Dog 

ID 
Breed 

Se

x 

Age 

(yy) 
MCT location 

LN 

ID 
LN Location 

LN size 

(cm) 

Histological 

diagnosis 

(Weishaar et al. 

2014)234 

RLN or 

SLN 

Sampling 

technique 

Final case 

ID 

TIC #24.3.2 

#25 French Bulldog M 7 L forelimb #25.2 
Cervical 

caudal L 
3 cm HN3 RLN FNA #25.2.1 

#30 Boxer NF 12 Breast (II L) #30.1 Prescapular L Normal HN2 RLN FNA #30.1.1 

#31 Cocker NF 10 R stifle 
#31.1 Inguinal R 

Megalic 

(moderate) 
HN3 RLN TIC #31.1.1 

#31.2 Popliteal R Megalic (mild) HN2 RLN TIC #31.2.1 

#34 Golden Retriever NF 4 R hindlimb #34.1 Popliteal R 
Megalic 

(moderate) 
HN3 RLN 

SCRA #34.1.1 

TIC #34.1.2 

FNA #34.1.3 

#38 Labrador Retriever 
C

M 
11 R thoax #38.1 Axillary #1 1.75x1.15 HN2 SLN 

SCRA #38.1.1 

TIC #38.1.2 

#40 English Setter F 6 
Multiple MCT (2x L flank + medial 

L thigh) 
#40.1 Inguinal R Normal HN2 RLN FNA #40.1.1 

#43 Labrador Retriever F 6 Sternum 

#43.1 Axillary #1 1.7x0.7 HN2 SLN 
SCRA #43.1.1 

TIC #43.1.2 

#43.2 Axillary #2 1.1x0.6 HN2 SLN 
SCRA #43.2.1 

TIC #43.2.2 

#43.3 Preaxillary 1x1.3 HN2 SLN 
SCRA #43.3.1 

TIC #43.3.2 

#46 Chihuahua 
C

M 
9 L foot #46.1 Popliteal L 0.4x0.3 HN0 SLN TIC #46.1.1 

#52 Mongrel 
C

M 
5 R elbow #52.1 Prescapular ND HN2 RLN TIC #52.1.1 

#53 American Staffordshire M 4 L auricolar pinna 

#53.1 
Prescapular L 

#1 
2.3x1.6x0.7 HN1 SLN 

TIC #53.1.1 

SCRA #53.1.2 

#53.2 
Prescapular L 

#2 
1.2x0.7x0.4 HN1 SLN 

TIC #53.2.1 

SCRA #53.2.2 
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Dog 

ID 
Breed 

Se

x 

Age 

(yy) 
MCT location 

LN 

ID 
LN Location 

LN size 

(cm) 

Histological 

diagnosis 

(Weishaar et al. 

2014)234 

RLN or 

SLN 

Sampling 

technique 

Final case 

ID 

#55 Mongrel NF 
7yy 

11mm 
L flank #55.1 Inguinal L Megalic (mild) HN2 RLN FNA #55.1.1 

#60 Sharpei M 8 Upper lip #60.3 Mandibular 
Megalic 

(severe) 
HN3 RLN TIC #60.3.2 

#62 
Mongrel (Labrador 

Retriever) 
M 5 R hindlimb 

#62.2 Inguinal R 2x0.9 HN1 SLN TIC #62.2.1 

#62.3 Popliteal R 0.85x0.4 HN0 SLN TIC #62.3.1 

#63 Mongrel NF 13 Breast 
#63.1 Inguinal L #1 0.85x0.5 HN3 SLN TIC #63.1.1 

#63.2 Inguinal L #2 0.55x0.4 HN3 SLN TIC #63.2.2 

#67 Boxer M 9 L neck 

#67.1 
Prescapular L 

#1 
1.85x1.2x0.5 HN0 SLN 

SCRA #67.1.1 

TIC #67.1.2 

#67.2 
Prescapular L 

#2 
0.9x0.85x0.35 HN0 SLN 

SCRA #67.2.1 

TIC #67.2.2 

#73 Boxer F 6 L forelimb #73.1 Prescapular L ND HN3 RLN 
SCRA #73.1.1 

TIC #73.1.2 

#74 Golden Retriever NF 6 L hindlimb 

#74.1 Inguinal L 2.5x1.1x0.2 HN1 SLN 
TIC #74.1.1 

SCRA #74.1.2 

#74.2 Popliteal L #1 0.7x0.6x0.3 HN0 SLN 
TIC #74.2.1 

SCRA #74.2.2 

#74.3 Popliteal L #2 1.1x0.5x0.3 HN1 SLN 
TIC #74.3.1 

SCRA #74.3.2 

#75 Pug Dog NF 10 L hock #75.1 Popliteal L ND HN0 RLN SCRA #75.1.1 

#76 Dachshund NF 9 Tail (R) 

#76.1 Abdominal 0.9x0.7x0.3 HN0 SLN 
SCRA #76.1.1 

TIC #76.1.2 

#76.2 Lumbar aortic 1.2x0.6x0.2 HN0 SLN 
SCRA #76.2.1 

TIC #76.2.2 

#78 Setter NF 10 L medial thigh #78.1 Inguinal L #1 0.7x0.3x0.2 HN1 SLN TIC #78.1.1 
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Dog 

ID 
Breed 

Se

x 

Age 

(yy) 
MCT location 

LN 

ID 
LN Location 

LN size 

(cm) 

Histological 

diagnosis 

(Weishaar et al. 

2014)234 

RLN or 

SLN 

Sampling 

technique 

Final case 

ID 

#78.2 Inguinal L #2 0.8x0.6x0.2 HN2 SLN TIC #78.2.1 

#80 Mongrel M 12 Multiple MCT (neck + abdomen) #80.2 Prescapular ND HN3 RLN TIC #80.2.2 

#81 Yorkshire NF 13 R stifle #81.2 Popliteal R 1.5x1 HN1 RLN 

FNA #81.2.1 

SCRA #81.2.2 

TIC #81.2.3 

#85 English Setter NF 9 
Multiple MCT (>3 – bilateral 

hindlimb) 
#85.1 Popliteal R Normal HN2 RLN FNA #85.1.1 

#87 Pug Dog M 11 R shoulder #87.1 Prescapular L Normal HN1 RLN FNA #87.1.1 

#92 Mongrel 
C

M 
12 

Breast #92.1 Inguinal R #3 1.35x0.95x0.45 HN2 SLN 
SCRA #92.1.1 

TIC #92.1.2 

R thigh 

#92.2 Inguinal R #1 1.1x1x0.45 HN0 SLN 
SCRA #92.2.1 

TIC #92.2.2 

#92.3 Inguinal R #2 2.5x1x0.7 HN2 SLN 
SCRA #92.3.1 

TIC #92.3.2 

Head 

#92.4 
Prescapular L 

#1 
2.45x1.1x0.95 HN2 SLN 

SCRA #92.4.1 

TIC #92.4.2 

#92.5 
Prescapular L 

#2 
1.2x0.7x0.4 HN0 SLN 

SCRA #92.5.1 

TIC #92.5.2 

#92.6 
Prescapular L 

#3 
2.4x1.3x0.6 HN0 SLN 

SCRA #92.6.1 

TIC #92.6.2 

#98 Boxer NF 
11yy 

9mm 
R thorax #98.2 Axillary R 

Megalic 

(moderate) 
HN3 RLN FNA #98.2.1 

#99 Labrador Retriever M 4 R dorsum + R neck #99.1 Prescapular R 
Megalic 

(moderate) 
HN0 RLN FNA #99.1.1 

#100 Weimaraner 
C

M 
7 R forearm 

#100.

1 
Prescapular R 1.5x1x0.6 HN2 SLN 

SCRA #100.1.1 

TIC #100.1.2 

#102 Golden Retriever NF 7 Neck #102. Prescapular L 1.5x0.95 HN2 SLN SCRA #102.1.1 
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Dog 

ID 
Breed 

Se

x 

Age 

(yy) 
MCT location 

LN 

ID 
LN Location 

LN size 

(cm) 

Histological 

diagnosis 

(Weishaar et al. 

2014)234 

RLN or 

SLN 

Sampling 

technique 

Final case 

ID 

1 TIC #102.1.2 

#103 Labrador Retriever M 
6yy 

6mm 

Multiple MCT (R hock + R thorax + 

L shoulder  + L groin + L prepuce 

+ scrotum) 

#103.

1 
Popliteal R Normal HN2 RLN FNA #103.1.1 

#103.

3 
Prescapular L Megalic (mild) HN3 RLN FNA #103.3.1 

#103.

4 
Prescapular R ND HN0 RLN FNA #103.4.1 

#107 English Setter F 8 Neck 
#107.

1 
Prescapular L ND HN3 RLN TIC #107.1.1 

#110 Mongrel 
C

M 
4 L thorax 

#110.

1 
Axillary L 0.5x0.5x0.3 HN0 SLN TIC #110.1.1 

#112 Golden Retriever NF 11 L thigh 

#112.

1 
Inguinal L #1 1.7x0.8x0.25 HN2 SLN 

SCRA #112.1.1 

TIC #112.1.2 

#112.

2 
Inguinal L #2 0.8x0.3x0.2 HN0 SLN 

SCRA #112.2.1 

TIC #112.2.2 

#112.

3 
Inguinal L #3 0.9x0.6x0.35 HN0 SLN 

SCRA #112.3.1 

TIC #112.3.2 

#115 Pug Dog M 3 

L auricolar pinna 
#115.

1 
Prescapular L 1.8X0.95X0.52 HN2 SLN 

SCRA #115.1.1 

TIC #115.1.2 

R shoulder 
#115.

2 
Prescapular R 2X1X0.5 HN0 SLN 

SCRA #115.2.1 

TIC #115.2.2 

#121 Pitbull NF 5 R foot 

#121.

1 
Middle iliac R 2.6x1.2x0.8 HN1 

SLN TIC #121.1.1 

SLN SCRA #121.1.2 

SLN FNA #121.1.3 

#121.

2 
Popliteal R 1.3x0.7x0.6 HN2 SLN SCRA #121.2.2 

#130 Labrador Retriever M 11 Scrotum (x2) 

#130.

1 
Inguinal R #1 1.4x1.3 HN0 SLN TIC #130.1.1 

#130.

2 
Inguinal R #2 0.9x0.6 HN0 SLN TIC #130.2.1 
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Dog 

ID 
Breed 

Se

x 

Age 

(yy) 
MCT location 

LN 

ID 
LN Location 

LN size 

(cm) 

Histological 

diagnosis 

(Weishaar et al. 

2014)234 

RLN or 

SLN 

Sampling 

technique 

Final case 

ID 

#132 Labrador Retriever M 1 Nasal planum 

#132.

1 

Mandibular L 

#1 
1.9x1.3 HN0 SLN 

SCRA #132.1.1 

TIC #132.1.2 

#132.

2 

Mandibular L 

#2 
1.2x1.2 HN0 SLN 

SCRA #132.2.1 

TIC #132.2.2 

#132.

3 

Mandibular L 

#3 
1.4x1.1 HN0 SLN 

SCRA #132.3.1 

TIC #132.3.2 

#132.

4 

Mandibular R 

#1 
0.6x0.4 HN0 SLN SCRA #132.4.1 

#132.

5 

Mandibular R 

#2 
1x0.7 HN0 SLN 

SCRA #132.5.1 

TIC #132.5.2 

#132.

6 

Mandibular R 

#3 
1.2x0.6 HN0 SLN 

SCRA #132.6.1 

TIC #132.6.2 

#134 Mongrel 
C

M 
5 R hock 

#134.

1 
Popliteal R Megalic (mild) HN1 RLN FNA #134.1.2 

#136 Golden Retriever 
C

M 
6 L neck (x2) 

#136.

3 
Popliteal L ND HN1 RLN TIC #136.3.2 

#143 Mongrel NF 7 Thorax 
#143.

1 
Prescapular 1.4x0.7 HN3 SLN 

SCRA #143.1.1 

TIC #143.1.2 

#148 Tosa Inu M 4 L prepuce 

#148.

1 
Inguinal #1 1.8x0.9 HN2 SLN 

SCRA #148.1.1 

TIC #148.1.2 

#148.

2 
Inguinal #2 1.4x0.5 HN2 SLN SCRA #148.2.1 

Legend: CM, castrated male; cm; centimeter; F, female; FNA, fine needle aspirate; Final case ID, ID identifying eachs ingel case and taking simultaneously into account the ID 

of the dog and the ID of the LN from which the case was sampled: HNO, “non-metastatic” according to Weishaar et al.;234 HN1, “pre-metastatic” according to Weishaar et al.; 

HN2, “early metastasis” according to Weishaar et al.; HN3, “overt metastasis” according to Weishaar et al.; L, left; LN, limph node; M, male; MCT, mast cell tumor; Megalic 

(mild), <2cm; Megalic (moderate), 2-5cm; Megalic (severe), i.e. >5cm; mm, months; ND, not determined; NF, neutered female; R, right; RLN, regional lymph node; SCRA, 

scraping smear; SNL, sentinel lymph node; yy, years; TIC, touch imprint. 
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Supplementary Table 2 – Tabulation of cytological diagnoses expressed according to each interpretative system investigated in the 

current study, with the corresponding histological diagnosis. 

Final case ID T.C. 

Krick’s system 

(5-classes) 
AM1 AM1.1 AM1.2 Histological diagnosis 

(Weishaar et al. 2014)234 
R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 

#1.1.1 SCRA 5 5 5 3 5 M M M M M M M M M M M M M NM M HN2 

#9.1.1 SCRA 2 2 2 2 3 PM M M NM PM NM M M NM PM NM M M NM NM HN2 

#9.1.2 TIC 2 4 4 3 1 NM M M PM NM NM M M M NM NM M M NM NM HN2 

#9.2.1 SCRA 2 4 4 4 4 M M M M M M M M M M M M M M M HN3 

#9.2.2 TIC 4 4 4 4 4 M M M M M M M M M M M M M M M HN3 

#9.3.1 SCRA 2 5 4 2 3 NM M M M M NM M M M M NM M M NM M HN0 

#18.1.1 SCRA 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#18.1.2 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#18.2.1 SCRA 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#18.2.2 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#18.3.1 SCRA 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#18.3.2 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#19.1.1 TIC 2 2 2 2 2 PM M NM NM NM PM M NM PM NM NM NM NM NM NM HN0 

#19.1.2 SCRA 2 2 2 2 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#20.1.1 TIC 2 2 2 2 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#20.2.1 TIC 2 2 2 2 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#20.3.1 TIC 2 1 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#24.1.1 SCRA 5 4 4 5 5 M M M M M M M M M M M M M M M HN3 

#24.1.2 TIC 5 4 5 5 5 M M M M M M M M M M M M M M M HN3 

#24.2.1 SCRA 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#24.2.2 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#24.3.1 SCRA 3 4 2 4 2 M M M M M M M M M M M M M M M HN2 
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#24.3.2 TIC 2 3 2 2 2 M M NM NM M M M PM M M M M NM NM NM HN2 

#25.2.1 FNA 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#30.1.1 FNA 2 2 2 2 2 M PM PM PM PM M NM M NM NM M NM NM NM NM HN2 

#31.1.1 TIC 4 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#31.2.1 TIC 2 2 3 2 2 M M NM NM NM M M M M NM M M NM NM NM HN2 

#34.1.1 SCRA 4 4 4 4 4 M M M M M M M M M M M M M M M HN3 

#34.1.2 TIC 4 4 4 5 5 M M M M M M M M M M M M M M M HN3 

#34.1.3 FNA 2 2 3 2 2 M M M NM M M M M PM M NM M NM NM NM HN3 

#38.1.1 SCRA 2 5 2 2 4 PM M PM NM M NM M M M M NM M NM NM M HN2 

#38.1.2 TIC 2 2 2 2 2 PM NM NM NM NM M NM NM PM NM NM NM NM NM NM HN2 

#40.1.1 FNA 5 5 5 5 5 M M M M M M M M M M M M M M M HN2 

#43.1.1 SCRA 4 4 4 4 4 M M M M M M M M M M M M M M M HN2 

#43.1.2 TIC 4 4 4 4 4 M M M M M M M M M M M M M M M HN2 

#43.2.1 SCRA 5 5 5 5 5 M M M M M M M M M M M M M M M HN2 

#43.2.2 TIC 4 5 5 4 5 M M M M M M M M M M M M M M M HN2 

#43.3.1 SCRA 5 5 4 2 4 M M M PM M M M M M M M M M NM M HN2 

#43.3.2 TIC 4 5 4 5 4 M M M M M M M M M M M M M M M HN2 

#46.1.1 TIC 2 2 2 2 2 NM PM NM NM NM NM M NM NM NM NM M NM NM NM HN0 

#52.1.1 TIC 4 4 4 3 4 M M M M M M M M M M M M M M M HN2 

#53.1.1 TIC 2 2 2 2 2 NM NM NM NM NM NM NM PM NM NM NM NM NM NM NM HN1 

#53.1.2 SCRA 2 2 2 2 2 NM NM NM NM NM NM NM NM NM M NM NM NM NM NM HN1 

#53.2.1 TIC 2 4 2 2 2 NM M NM NM NM NM M PM PM M NM M NM NM NM HN1 

#53.2.2 SCRA 2 4 3 3 2 PM M PM PM NM PM M M M PM NM M NM NM NM HN1 

#55.1.1 FNA 2 2 2 2 3 PM PM NM NM PM NM M NM PM M NM M NM NM M HN2 

#60.3.2 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#62.2.1 TIC 2 2 2 2 2 PM NM NM NM NM NM NM PM NM NM NM NM NM NM NM HN1 

#62.3.1 TIC 2 1 2 2 2 NM NM NM NM NM NM NM NM PM NM NM NM NM NM NM HN0 
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#63.1.1 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#63.2.2 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#67.1.1 SCRA 1 2 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#67.1.2 TIC 1 1 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#67.2.1 SCRA 2 2 2 2 4 M M NM NM M M M PM PM NM M M NM NM NM HN0 

#67.2.2 TIC 4 4 5 2 2 M M M PM M M M M M M M M M NM NM HN0 

#73.1.1 SCRA 2 2 2 2 2 NM PM NM NM NM NM NM PM PM NM NM NM NM NM NM HN3 

#73.1.2 TIC 4 5 4 5 4 M M M M M M M M M M M M M M M HN3 

#74.1.1 TIC 2 2 2 2 2 NM M PM NM PM PM M PM M PM NM NM NM NM NM HN1 

#74.1.2 SCRA 2 4 2 2 2 NM M NM PM NM PM M PM NM PM NM M NM NM NM HN1 

#74.2.1 TIC 2 1 1 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#74.2.2 SCRA 2 1 2 1 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#74.3.1 TIC 2 2 2 2 2 PM NM NM NM NM M NM PM NM NM NM NM NM NM NM HN1 

#74.3.2 SCRA 2 2 3 2 2 NM NM PM NM PM NM NM M PM M NM NM NM NM NM HN1 

#75.1.1 SCRA 2 2 2 2 2 NM NM NM NM NM NM NM PM PM NM NM NM NM NM NM HN0 

#76.1.1 SCRA 2 3 2 2 2 NM M NM NM NM NM M M PM PM NM M NM NM NM HN0 

#76.1.2 TIC 2 2 2 1 2 PM PM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#76.2.1 SCRA 2 3 2 2 2 NM M PM NM NM NM M M M PM NM M NM NM NM HN0 

#76.2.2 TIC 2 2 2 2 2 PM M M NM NM NM M M NM NM NM M NM NM NM HN0 

#78.1.1 TIC 4 4 5 5 5 M M M M M M M M M M M M M M M HN1 

#78.2.1 TIC 4 4 5 5 5 M M M M M M M M M M M M M M M HN2 

#80.2.2 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 

#81.2.1 FNA 2 1 2 1 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN1 

#81.2.2 SCRA 2 3 2 2 2 NM M PM NM PM NM M NM M NM NM M NM NM NM HN1 

#81.2.3 TIC 2 2 2 2 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN1 

#85.1.1 FNA 4 5 4 3 5 M M M M M M M M M M M M M M M HN2 

#87.1.1 FNA 1 1 2 1 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN1 
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#92.1.1 SCRA 4 4 4 4 5 M M M M M M M M M M M M M M M HN2 

#92.1.2 TIC 4 4 4 4 4 M M M M M M M M M M M M M M M HN2 

#92.2.1 SCRA 2 4 2 2 2 NM M PM PM PM PM M PM M M NM M NM NM NM HN0 

#92.2.2 TIC 4 4 4 4 4 M M M M M M M M M M M M M M M HN0 

#92.3.1 SCRA 4 4 4 4 5 M M M M M M M M M M M M M M M HN2 

#92.3.2 TIC 4 4 5 5 5 M M M M M M M M M M M M M M M HN2 

#92.4.1 SCRA 2 3 2 2 2 NM PM NM NM NM NM M PM PM PM NM NM NM NM NM HN2 

#92.4.2 TIC 2 2 2 2 2 PM NM NM NM NM NM NM PM PM NM NM NM NM NM NM HN2 

#92.5.1 SCRA 2 2 2 2 2 NM NM NM NM NM NM NM PM PM NM NM NM NM NM NM HN0 

#92.5.2 TIC 2 2 2 2 2 PM NM NM PM NM NM NM PM NM NM NM NM NM NM NM HN0 

#92.6.1 SCRA 2 2 1 2 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#92.6.2 TIC 2 2 2 2 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#98.2.1 FNA 2 5 5 5 5 NM M M M M NM M M M M NM M M M M HN3 

#99.1.1 FNA 1 1 1 1 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#100.1.1 SCRA 2 1 2 2 2 NM NM NM NM NM NM NM NM PM NM NM NM NM NM NM HN2 

#100.1.2 TIC 2 2 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN2 

#102.1.1 SCRA 2 2 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN2 

#102.1.2 TIC 2 2 2 2 1 NM NM NM NM NM NM NM PM NM NM NM NM NM NM NM HN2 

#103.1.1 FNA 2 2 2 2 3 NM PM PM PM PM NM NM NM NM PM NM NM NM NM NM HN2 

#103.3.1 FNA 4 5 4 4 3 M M M M M M M M M M M M M M M HN3 

#103.4.1 FNA 2 2 2 2 2 NM PM NM NM NM NM NM NM M NM NM NM NM NM NM HN0 

#107.1.1 TIC 5 4 4 4 4 M M M M M M M M M M M M M M M HN3 

#110.1.1 TIC 2 2 2 2 1 PM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#112.1.1 SCRA 2 2 2 2 2 NM NM NM NM NM NM NM PM PM NM NM NM NM NM NM HN2 

#112.1.2 TIC 1 4 2 1 2 NM M NM NM NM NM M NM NM NM NM M NM NM NM HN2 

#112.2.1 SCRA 1 2 2 1 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#112.2.2 TIC 2 3 1 1 1 NM PM NM NM NM NM PM NM NM NM NM NM NM NM NM HN0 
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#112.3.1 SCRA 1 2 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#112.3.2 TIC 2 3 2 2 1 NM PM NM NM NM NM PM NM NM NM NM NM NM NM NM HN0 

#115.1.1 SCRA 3 4 4 4 4 M M M M M M M M M M M M M M M HN2 

#115.1.2 TIC 4 5 4 5 4 M M M M M M M M M M M M M M M HN2 

#115.2.1 SCRA 2 2 2 1 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#115.2.2 TIC 2 2 2 1 1 NM PM NM NM NM NM M NM NM NM NM NM NM NM NM HN0 

#121.1.1 TIC 2 2 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN2 

#121.1.2 SCRA 2 2 2 2 1 NM PM NM NM NM NM NM NM PM NM NM NM NM NM NM HN2 

#121.1.3 FNA 2 1 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN2 

#121.2.2 SCRA 2 2 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN2 

#130.1.1 TIC 2 2 2 2 3 NM NM NM PM PM NM NM PM PM PM NM NM NM NM NM HN0 

#130.2.1 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN0 

#132.1.1 SCRA 2 2 2 2 2 M M NM PM NM M M PM M NM NM M NM NM NM HN0 

#132.1.2 TIC 2 2 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#132.2.1 SCRA 2 2 2 2 3 PM M NM PM PM NM M M M PM NM M NM NM NM HN0 

#132.2.2 TIC 2 1 2 1 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#132.3.1 SCRA 2 2 2 2 2 PM PM M NM NM NM NM PM PM NM NM NM NM NM NM HN0 

#132.3.2 TIC 2 2 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#132.4.1 SCRA 2 2 2 2 2 NM M NM PM NM NM M M M NM NM M NM NM NM HN0 

#132.5.1 SCRA 2 2 2 2 2 NM NM NM NM NM NM NM PM PM NM NM NM NM NM NM HN0 

#132.5.2 TIC 1 1 2 1 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#132.6.1 SCRA 2 2 2 2 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#132.6.2 TIC 2 1 2 2 1 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN0 

#134.1.2 FNA 2 2 2 2 2 NM PM M NM PM NM NM M M NM NM NM NM NM NM HN1 

#136.3.2 TIC 2 2 2 2 2 NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM HN1 

#143.1.1 SCRA 5 5 5 4 5 M M M M M M M M M M M M M M M HN3 

#143.1.2 TIC 5 5 5 5 5 M M M M M M M M M M M M M M M HN3 
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#148.1.1 SCRA 4 4 4 4 4 M M M M M M M M M M M M M M M HN2 

#148.1.2 TIC 4 5 4 5 4 M M M M M M M M M M M M M M M HN2 

#148.2.1 SCRA 4 5 4 3 4 M M M M M M M M M M M M M NM M HN2 

Highlighted in yellow, those cases for which the majority of the Readers expressed a cytological diagnosis of metastasis disregarding the interpretative system applied, in spite 

of a corresponding HN0 histological diagnosis. Legend: AM1, amended system 1; AM1.1, amended system 1.1;  AM1.2, amended system 1.2; FNA, fine needle aspirate; HNO, 

“non-metastatic” according to Weishaar et al.;234 HN1, “pre-metastatic” according to Weishaar et al.; HN2, “early metastasis” according to Weishaar et al.; HN3, “overt 

metastasis” according to Weishaar et al.; Krick’s system, cytological interpretative system proposed by Krick et al.104; M. metastatic; NM, non metastatic; PM, possibly 

metastatic; R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; Reader 5; SCRA, scraping smear; TIC, touch imprint; 1, “normal”; 2, “reactive lymphoid hyperplasia”; 

3, “possible metastas”; 4, “probable metastasis”; 5, “certain metastasis”. 
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Supplementary Table 3 – Weighted and Cohen’s kappa coefficients for pairwise 

comparisons of interrater agreement among the 5 Readers. 

  Weighted K 
Cohen’s K 

(95% C.I.) 

Couple investigated 

Krick's 
system 

- 5 
classes 

Krick's 
system 

- 3 
classes 

AM1 AM1.2 

Krick's 

system - 5 
classes 

Krick's system 

- 3 classes 
AM1 AM1.2 

R1 vs R2 0.706 0.778 0.646 n/a 
0.527  0.728  0.558  0.690 

(0.420-0.633) (0.623-0.832) (0.447-0.670) (0.573-0.807) 

R1 vs R3 0.809 0.889 0.726 n/a 
0.645  0.848  0.635  0.875 

(0.539-0.752) (0.761-0.935) (0.525-0.746) (0.792-0.959) 

R1 vs R4 0.782 0.870 0.740 n/a 
0.608 0.816 0.640  0.857 

 (0.504-0.713)  (0.723-0.909) (0.531-0.749) (0.767-0.947) 

R1 vs R5 0.745 0.849 0.787 n/a 
0.521  0.792 0.690  0.859 

(0.417-0.625)  (0.694-0.889) (0.586-0.794) (0.771-0.948) 

R2 vs R3 0.736 0.825 0.693 n/a 
0.528  0.760  0.612  0.719 

(0.423-0.634) (0.0661-0.860) (0.504-0.721) (0.607-0.832) 

R2 vs R4 0.715 0.778 0.624 n/a 
0.558  0.706  0.537  0.620 

(0.455-0.662) (0.602-0.810) (0.428-0.646) (0.499-0.741) 

R2 vs R5 0.681 0.756 0.694 n/a 
0.452 0.681  0.630  0.705 

 (0.345-0.559) (0.572-0.790) (0.522-0.737) (0.591-0.819) 

R3 vs R4 0.795 0.873 0.817 n/a 
0.624  0.823  0.749  0.889 

(0.520-0.729) (0.733-0.913) (0.650-0.847) (0.809-0.968) 

R3 vs R5 0.757 0.851 0.863 n/a 
0.546  0.783 0.827  0.922 

(0.442-0.649)  (0.686-0.880) (0.740-0.914) (0.855-0.989) 

R4 vs R5 0.742 0.833 0.831 n/a 
0.516  0.753  0.764  0.904 

(0.410-0.621) (0.652-0.854) (0.667-0.860) (0.829-0.979) 

According to previous literature,126 results of kappa coefficient calculation were interpreted as follows: 0-.20, no 

agreement; .21-.39, minimal agreeement; .40-.59, weak agreement; .60-.79, moderate agreement; .80-.90, strong 

agreement; >.90, almost perfect agreement. Legend: AM1, amended system 1; AM1.2, amended system 1.2; 

Krick’s system – 5-classes, original version of the system by Krick et al;104 Krick’s system – 3-classes, 3-classes 

simplified version of the system by Krick et al; R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; 

Reader 5; vs, versus. 
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Supplementary Table 4 – Results of chi-squared test applied to investigate significant 

differences of percentage agreement between groups of cases stratifyied according to 

the corresponding histological diagnosis.  

Reader 
Comparison and 

interpretative system 
CA (%) #cases CA (%) #cases p value 

R1 

HN0 vs HN1 -  Krick’s system 93,62 47 0,00 16 <0,0001 

HN0 vs HN2/3 – Krick’s system 93,62 47 61,43 70 0,0001 

HN1 vs HN2/3 – Krick’s system 0,00 16 61,43 70 <0,0001 

HN0 vs HN1 - AM1 74,47 47 18,75 16 0,0001 

HN0 vs HN2/3 – AM1 74,47 47 71,43 70 0,7188 

HN1 vs HN2/3 – AM1 18,75 16 71,43 70 0,0001 

HN0 vs HN1 - AM1.2 91,49  47 93,75 16 0.7744 

HN0 vs HN2/3 – AM1.2 91,49 47 70,00 70 0.0056 

HN1 vs HN2/3 – AM1.2 93,75 16 70,00 70 0.0508 

R2 

HN0 vs HN1 -  Krick’s system 80,85 47 6,25 16 <0,0001 

HN0 vs HN2/3 – Krick’s system 80,85 47 71,43 70 0,2493 

HN1 vs HN2/3 – Krick’s system 6,25 16 71,43 70 <0,0001 

HN0 vs HN1 - AM1 57,45 47 6,25 16 0,0004 

HN0 vs HN2/3 – AM1 57,45 47 77,14 70 0,0243 

HN1 vs HN2/3 – AM1 6,25 16 77,14 70 <0,0001 

HN0 vs HN1 - AM1.2 68,09 47 75,00 16 0.6058 

HN0 vs HN2/3 – AM1.2 68,09 47 80,00 70 0.1453 

HN1 vs HN2/3 – AM1.2 75,00 16 80,00 70 0.6592 

R3 

HN0 vs HN1 -  Krick’s system 91,49 47 12,50 16 <0,0001 

HN0 vs HN2/3 – Krick’s system 91,49 47 67,14 70 0,0023 

HN1 vs HN2/3 – Krick’s system 12,50 16 67,14 70 0,0001 

HN0 vs HN1 - AM1 82,98 47 25,00 16 <0,0001 

HN0 vs HN2/3 – AM1 82,98 47 71,43 70 0,1529 

HN1 vs HN2/3 – AM1 25,00 16 71,43 70 0,0006 
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HN0 vs HN1 - AM1.2 91,49 47 93,75 16 0.7744 

HN0 vs HN2/3 – AM1.2 91,49 47 70,00 70  0.0056 

HN1 vs HN2/3 – AM1.2 93,75 16 70,00 70 0.0508 

R4 

HN0 vs HN1 -  Krick’s system 95,74 47 6,25 16 < 0.0001 

HN0 vs HN2/3 – Krick’s system 95,74 47 60,00  70 < 0.0001 

HN1 vs HN2/3 – Krick’s system 6,25 16 60,00 70 0.0001 

HN0 vs HN1 - AM1 78,72 47 12,5 16 < 0.0001 

HN0 vs HN2/3 – AM1 78,72 47 65,71 70 0.1303 

HN1 vs HN2/3 – AM1 12,5 16 65,71 70 0.0001 

HN0 vs HN1 - AM1.2 95,74 47 93,75 16 0.7488 

HN0 vs HN2/3 – AM1.2 95,74 47 62,86 70 < 0.0001 

HN1 vs HN2/3 – AM1.2 93,75 16 62,86 70 0.0169 

R5 

HN0 vs HN1 -  Krick’s system 87,23 47 0,00 16 < 0.0001 

HN0 vs HN2/3 – Krick’s system 87,23 47 65,71 70 0.0093 

HN1 vs HN2/3 – Krick’s system 0,00 16 65,71 70 < 0.0001 

HN0 vs HN1 - AM1 82,98 47 25,00 16 < 0.0001 

HN0 vs HN2/3 – AM1 82,98 47 71,43 70 0.1529 

HN1 vs HN2/3 – AM1 25,00 16 71,43 70 0.0006 

HN0 vs HN1 - AM1.2 93,62 47 93,75 16 0.9854 

HN0 vs HN2/3 – AM1.2 93,62 47 70,00 70  0.0020 

HN1 vs HN2/3 – AM1.2 93,75 16 70,00 70 0.0508 

Median 

HN0 vs HN1 -  Krick’s system 91,49 47 6,25 16 < 0.0001 

HN0 vs HN2/3 – Krick’s system 91,49 47 65,71 70 0.0014 

HN1 vs HN2/3 – Krick’s system 6,25 16 65,71 70 < 0.0001 

HN0 vs HN1 - AM1 78,72 47 18,75 16  < 0.0001 

HN0 vs HN2/3 – AM1 78,72 47 71,43 70 0.3780 

HN1 vs HN2/3 – AM1 18,75 16 71,43 70 0.0001 
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Values of CA are expressed in percentages. Highlighted in grey, p values <.05. Legend: AM1, amended system 

1; AM1.2, amended system 1.2; CA, complete agreement (i.e. proprotion of “non metastatic”, “possibly 

metastatic”, or “metastatic” diagnoses respectively corresponding to HN0, HN1, or HN2/3 diagnosis); HNO, “non-

metastatic” according to Weishaar et al.;234 HN1, “pre-metastatic” according to Weishaar et al.; HN2, “early 

metastasis” according to Weishaar et al.; HN3, “overt metastasis” according to Weishaar et al.; Krick’s system, 3-

classes simplified version of the system by Krick et al.104 as illustrated in Appendix 2 – Supplementary Table 

1;R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; Reader 5. 

 

  

HN0 vs HN1 - AM1.2 91,49 47 93,75 16 0.7744 

HN0 vs HN2/3 – AM1.2 91,49 47 70,00 70 0.0056 

HN1 vs HN2/3 – AM1.2 93,75 16 70,00 70  0.0508 
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Supplementary Table 5 – Results of chi-squared test applied to investigate significant 

differences of percentage agreement between groups of cases stratified according to 

the corresponding cytological sampling technique.  

Reader 
Comparison and 

interpretative system 
CA (%) #cases CA (%) #cases p value 

R1 

FNA vs TIC – Krick’s system 40,00 15 69,7 66 0.0314 

FNA vs SCRA – Krick’s system 40,00 15 67,31 52 0.0577 

TIC vs SCRA – Krick’s system 69,7 66 67,31 52 0.7820 

FNA vs TIC – AM1 53,33 15 68,18 66 0.2780 

FNA vs SCRA – AM1 53,33 15 67,31 52 0.3235 

TIC vs SCRA – AM1 68,18 66 67,31 52 0.9204 

FNA vs TIC – AM1.2 66,67 15 83,33 66 0.1460 

FNA vs SCRA – AM1.2 66,67 15 80,77 52 0.2520 

TIC vs SCRA – AM1.2 83,33 66 80,77 52 0.7193 

R2 

FNA vs TIC – Krick’s system 46,67 15 69,7 66 0.0925 

FNA vs SCRA – Krick’s system 46,67 15 69,23 52 0.1111 

TIC vs SCRA – Krick’s system 69,7 66 69,23 52 0.9563 

FNA vs TIC – AM1 53,33 15 65,15 66 0.3951 

FNA vs SCRA – AM1 53,33 15 59,62 52 0.6658 

TIC vs SCRA – AM1 65,15 66 59,62 52 0.5391 

FNA vs TIC – AM1.2 80,00 15 81,82 66 0.8707 

FNA vs SCRA – AM1.2 80,00 15 65,38 52 0.2859 

TIC vs SCRA – AM1.2 81,82 66 65,38 52 0.0426 

R3 

FNA vs TIC – Krick’s system 46,67 15 71,21 66 0.0705 

FNA vs SCRA – Krick’s system 46,67 15 73,08 52 0.0568 

TIC vs SCRA – Krick’s system 71,21 66 73,08 52 0.8230 

FNA vs TIC – AM1 53,33 15 71,21 66 0.1833 

FNA vs SCRA – AM1 53,33 15 73,08 52 0,1494 

TIC vs SCRA – AM1 71,21 66 73,08 52 0,8230 
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FNA vs TIC – AM1.2 66,67 15 81,82 66 0.1961 

FNA vs SCRA – AM1.2 66,67 15 82,69 52 0.1821 

TIC vs SCRA – AM1.2 81,82 66 82,69 52 0.9028 

R4 

FNA vs TIC – Krick’s system 40,00 15 69,7 66 0.0314 

FNA vs SCRA – Krick’s system 40,00 15 69,23 52  0.0407 

TIC vs SCRA – Krick’s system 69,7 66 69,23 52 0.9563 

FNA vs TIC – AM1 46,67 15 66,67 66 0.1502 

FNA vs SCRA – AM1 46,67 15 65,38 52 0.1935 

TIC vs SCRA – AM1 66,67 66 65,38 52  0.8836 

FNA vs TIC – AM1.2 66,67 15 81,82 66 0.1961 

FNA vs SCRA – AM1.2 66,67 15 76,92 52 0.4251 

TIC vs SCRA – AM1.2 81,82 66 76,92 52 0.5133 

R5 

FNA vs TIC – Krick’s system 40,00  15 69,7 66 0.0314 

FNA vs SCRA – Krick’s system 40,00 15 67,31 52 0.0577 

TIC vs SCRA – Krick’s system 69,7 66 67,31 52 0.7820 

FNA vs TIC – AM1 60,00 15 71,21 66 0.3992 

FNA vs SCRA – AM1 60,00 15 71,15 52 0.4157 

TIC vs SCRA – AM1 71,21 66 71,15 52 0.9943 

FNA vs TIC – AM1.2 73,33 15 81,82 66 0.4588 

FNA vs SCRA – AM1.2 73,33 15 82,69 52 0.4228 

TIC vs SCRA – AM1.2 81,82 66 82,69 52 0.9028 

Median 

FNA vs TIC – Krick’s system 40,00  15 69,70 66 0.0314 

FNA vs SCRA – Krick’s system 40,00 15 69,23 52 0.0407 

TIC vs SCRA – Krick’s system 69,70 66 69,23 52 0.9563 

FNA vs TIC – AM1 53,33 15 68,18 66 0.2780 

FNA vs SCRA – AM1 53,33 15 67,31 52 0.3235 

TIC vs SCRA – AM1 68,18 66 67,31 52 0.9204 
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Values of CA are expressed in percentages. Highlighted in grey, p values <.05. Legend: AM1, amended system 

1; AM1.2, amended system 1.2; CA, complete agreement (i.e. proprotion of “non metastatic”, “possibly 

metastatic”, or “metastatic” diagnoses respectively corresponding to HN0, HN1, or HN2/3 diagnosis); FNA, fine 

needel aspirates; Krick’s system, 3-classes simplified version of the system by Krick et al.104 as illustrated in 

Appendix 2 – Supplementary Table 1;R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; Reader 5; 

SCRA, scraping smears; TIC, touch imprints. 

 

FNA vs TIC – AM1.2 66,67 15 81,82 66 0.1961 

FNA vs SCRA – AM1.2 66,67 15 80,77 52 0.2520 

TIC vs SCRA – AM1.2 81,82 66 80,77 52 0.8849 
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Supplementary Table 6 - Concordance between the cytological diagnoses of the cases referring to the same LN but sampled with 

different techniques. 

 
R1 R2 R3 R4 R5 Median 

Krick's system 

Complete intersampling coherence 

Right diagnoses 

86,96 

58,70 

76,09 

56,52 

84,78 

63,04 

86,96 

63,04 

86,96 

60,87 

86,67 

62,22 

Wrong diagnoses 28,26 19,57 21,74 23,91 26,09 24,44 

Partial intersampling coherence 

2 right diagnoses 

2,17 

2,17 

4,35 

2,17 

2,17 

2,17 

2,17 

2,17 

2,17 

2,17 

2,22 

2,22 

1 right diagnoses 0,00 2,17 0,00 0,00 0,00 0,00 

Intersampling incoherence 10,87 19,57 13,04 10,87 10,87 11,11 

AM1 

Complete intersampling coherence 

Right diagnoses 

76,09 

52,17 

78,26 

50,00 

82,61 

63,04 

78,26 

54,35 

86,96 

65,22 

80,00 

55,56 

Wrong diagnoses 23,91 28,26 19,57 23,91 21,74 24,44 

Partial intersampling coherence 

2 right diagnoses 

0,00 

0,00 

0,00 

0,00 

2,17 

0,00 

2,17 

2,17 

2,17 

0,00 

0,00 

0,00 

1 right diagnoses 0,00 0,00 2,17 0,00 2,17 0,00 

Intersampling incoherence 23,91 21,74 15,22 19,57 10,87 20,00 

AM1.2 

Complete intersampling coherence 

Right diagnoses 

93,48 

76,09 

82,61 

65,22 

89,13 

76,09 

89,13 

73,91 

89,13 

76,09 

89,36 

74,47 

Wrong diagnoses 17,39 17,39 13,04 15,22 13,04 14,89 

Partial intersampling coherence 

2 right diagnoses 

2,17 

2,17 

2,17 

2,17 

2,17 

2,17 

2,17 

2,17 

2,17 

2,17 

2,13 

2,13 

1 right diagnoses 0,00 0,00 0,00 0,00 0,00 0,00 

Intersampling incoherence 4,35 15,22 8,70 8,70 8,70 8,51 

Values are expressed in percentages. Complete intersampling coherence was defined when the diagnoses for all the 2 or 3 sampling techniques were in agreement among 

each other, and was further distinguished on the basis of the correctness of the diagnoses compared to the histological reference standard. Partial intersampling coherence 

was defined exclusively for those cases sampled with all the 3 different techniques, and was further distinguished on the basis of the number of techniques which were in 
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agreement with histology (i.e. 2 or 1 out of 3). Intersampling inchoerence could have been observed exclusively for those cases sampled with 2 different techniques, among 

which one diagnosis was right and the other was wrong. Legend: AM1, amended system 1; AM1.2, amended system 1.2; Krick’s system, 3-classes simplified version of the 

system by Krick et al.104 as illustrated in Appendix 2 – Supplementary Table 1; R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; Reader 5. 
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Supplementary Table 7 - Weighted and Cohen’s kappa coefficients for the evaluation 

of the agreement between each cytological interpretative system investigated and 

histopathology. 

 

Evaluator Interpretative system Weighted K Cohen's K (95% C.I.) 

R1 

Krick's system 0.468 
0.413 

(0.299-0.526) 

AM1 0.508 
0.436 

(0.316-0.556) 

AM1.2 n/a 
0.613 

(0.483-0.743) 

R2 

Krick's system 0.498 
0.432 

(0.310-0.553) 

AM1 0.416 
0.335 

(0.209-0.460) 

AM1.2 n/a 
0.501 

(0.354-0.648) 

R3 

Krick's system 0.518 
0.474 

(0.356-0.592) 

AM1 0.527 
0.488 

(0.365-0.610) 

AM1.2 n/a 
0.613 

(0.483-0.743) 

R4 

Krick's system 0.495 
0.435 

(0.323-0.547) 

AM1 0.474 
0.403 

(0.285-0.521) 

AM1.2 n/a 
0.571 

(0.440-0.701) 

R5 

Krick's system 0.495 
0.418 

(0.303-0.532) 

AM1 0.543 
0.493 

(0.373-0.613) 

AM1.2 n/a 
0.628 

(0.501-0.755) 

Median 

Krick's system 0.520 
0.467 

(0.351-0.583) 

AM1 0.514 
0.448 

(0.328-0.569) 
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AM1.2 n/a 
0.613 

(0.483-0.743) 

According to previous literature,126 results of kappa coefficient calculation were interpreted as follows: 0-.20, no 

agreement; .21-.39, minimal agreement; .40-.59, weak agreement; .60-.79, moderate agreement; .80-.90, strong 

agreement; >.90, almost perfect agreement. Legend: AM1, amended system 1; AM1.2, amended system 1.2; 

Krick’s system, 3-classes simplified version of the system by Krick et al;104 R1, Reader1 ; R2, Reader 2; R3, 

Reader 3; R4, Reader 4; R5; Reader 5; vs, versus. 
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Supplementary Table 8 – Number of cases classified as true positive, false positive, 

false negative, and true negative applying each of the cytological interpretative 

system investigated in the current study. 

Evaluator Interpretative system 

Best case scenario (95% C.I.) Worst case scenario (95% C.I.) 

TP FP TP FP 

FN TN FN TN 

R1 

Krick's system 
43 4 45 4 

27 59 25 59 

AM1 
50 6 55 16 

20 57 15 47 

AM1.1 
51 7 51 12 

19 56 19 51 

AM1.2 
49 5 

21 58 

R2 

Krick's system 
50 9 52 14 

23 51 21 46 

AM1 
54 19 60 27 

16 44 10 36 

AM1.1 
56 21 56 23 

14 42 14 40 

AM1.2 
55 18 

15 45 

R3 

Krick's system 
47 5 49 7 

23 58 21 56 

AM1 
50 8 53 14 

20 55 17 49 

AM1.1 
53 13 59 28 

17 50 11 35 

AM1.2 
49 5 

21 58 

R4 

Krick's system 
42 3 47 4 

28 60 23 59 

AM1 
46 4 50 13 

24 59 20 50 

AM1.1 
51 15 60 26 

19 48 10 37 

AM1.2 
44 3 

26 60 
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R5 

Krick's system 
46 4 50 7 

24 59 20 56 

AM1 
50 6 54 13 

20 57 16 50 

AM1.1 
51 9 54 16 

19 54 16 47 

AM1.2 
49 4 

21 59 

Median 

Krick's system 
46 4 49 7 

24 59 21 56 

AM1 
50 6 54 14 

20 57 16 49 

AM1.1 
51 13 56 23 

19 50 14 40 

AM1.2 
49 5 

21 58 

Legend: AM1, amended system 1; AM1.2, amended system 1.2; best case scenario, “possibly metastatic” cases 

considered as negative for metastasis; FN, false negative; FP, false positive; Krick’s system, 3-classes simplified 

version of the system by Krick et al.;104 R1, Reader1 ; R2, Reader 2; R3, Reader 3; R4, Reader 4; R5; Reader 5; 

TN, true negative; TP, true positive; worst case scenario, “possibly metastatic” cases considered as positive for 

metastasis. 
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Supplementary Table 9 - Results of McNemar’s test applied to verify the presence of a 

test bias for each of the cytological interpretative system investigated in the current 

study. 

Evaluator Interpretative system Best case scenario  Worst case scenario  

R1 

Krick's system <0.0001 0.0002 

AM1 0.0108 1.000 

AM1.1 0.0310 0.2812 

AM1.2 0.0033 

R2 

Krick's system 0.0216 0.3105 

AM1 0.7353 0.0085 

AM1.1 0.3105 0.1885 

AM1.2 0.7277 

R3 

Krick's system 0.0013 0.0140 

AM1 0.0376 0.7194 

AM1.1 0.5839 0.0104 

AM1.2 0.0033 

R4 

Krick's system <0.0001 0.0005 

AM1 0.0003 0.2963 

AM1.1 0.6069 0.0124 

AM1.2 <0.0001 

R5 

Krick's system 0.0003 0.0209 

AM1 0.0108 0.7103 

AM1.1 0.0890 0.8597 

AM1.2 0.0014 

Median 

Krick's system 0.0003 0.0140 

AM1 0.0108 0.8551 

AM1.1 0.3768 0.1885 

AM1.2 0.0033 

Highlighted in grey, p values >.05. Legend: AM1, amended system 1; AM1.1, amended system 1.1; AM1.2, 

amended system 1.2; best case scenario, “possibly metastatic” cases considered as negative for metastasis; 

Krick’s system, 3-classes simplified version of the system by Krick et al;104 R1, Reader1 ; R2, Reader 2; R3, 

Reader 3; R4, Reader 4; R5; Reader 5; worst case scenario, “possibly metastatic” cases considered as positive 

for metastasis. 
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Supplementary Table 10 - . Diagnostic accuracy indexes and 95% confidence intervals for all the cytological interpretative systems 

investigated in the current study. 

 

Evaluator 
Interpretative 

system 

ACCURACY SENSITIVITY SPECIFICITY POSITIVE PREDICTIVE VALUE NEGATIVE PREDICTIVE VALUE 

Best case 
scenario  

(95% C.I.) 

Worst case 
scenario 

 (95% C.I.) 

Best case 
scenario  

(95% C.I.) 

Worst case 
scenario  

(95% C.I.) 

Best case 
scenario  

(95% C.I.) 

Worst case 
scenario  

(95% C.I.) 

Best case 
scenario  

(95% C.I.) 

Worst case 
scenario  

(95% C.I.) 

Best case 
scenario  

(95% C.I.) 

Worst case 
scenario  

(95% C.I.) 

R1 

Krick's system 
76,69 (+) 78,2 (+) 61,43 (-) 64,29 (-) 93,65 (+++) 93,65 (+++) 91,49 (+++) 91,84 (+++) 68,6 (-) 70,24 (+) 

(68,58-83,58) (70,21-84,88) (49,03-72,83)  (51,93-75,39)  (84,53-98,24) (84,53-98,24) (80,35-96,58) (81,09-96,72) (61,75-74,73) (63,13-76,49) 

AM1 
80,45 (++) 76,69 (+) 71,43 (+) 78,57 (+) 90,48 (+++) 74,6 (+) 89,29 (++) 77,46 (+) 74,03 (+) 75,81 (+) 

(72,68-86,81) (68,58-83,58)  (59,38-81,60) (67,13-87,48) (80,41-96,42) (62,06-84,73) (79,33-94,76) (68,87-84,23)  (66,11-80,63) (66,17-83,39) 

AM1.1 
80,45 (++) 76,69 (+) 72,86 (+) 72,86 (+) 88,89 (++) 80,95 (++) 87,93 (++) 80,95 (++) 74,67 (+) 72,86 (+) 

 (72,68-86,81) (68,58-83,58) (60,90-82,80)  (60,90-82,80) (78,44-95,41) (69,09-89,75) (78,13-93,70) (71,47-87,82)  (66,54-81,37) (64,23-80,05) 

AM1.2 
80,45 (++) 70 (+) 92,06 (+++) 90,74 (+++) 73,42 (+) 

(72,68-86,81) (57,87-80,38)  (82,44-97,37) (80,65-95,84) (65,72-79,92) 

R2 

Krick's system 
75,94 (+) 73,68 (+) 68,49 (-) 71,23 (+) 85 (++) 76,67 (+) 84,75 (++) 78,79 (+) 68,92 (-) 68,66 (-) 

(67,77-82,92)  (65,35-80,94) (56,56-78,87) (59,45-81,23)  (73,43-92,90) (63,96-86,62) (74,89-91,19) (69,65-85,74) (60,87-75,97) (59,80-76,34) 

AM1 
73,68 (+) 72,18 (+) 77,14 (+) 85,71 (++) 69,84 (-) 57,14 (-) 73,97 (+) 68,97 (-) 73,33 (+) 78,26 (+) 

(65,35-80,94) (63,75-79,60)  (65,55-86,33) (75,29-92,93) (56,98-80,77) (44,05-69,54) (65,65-80,87)  (62,19-75,01)  (63,45-81,33) (66,12-86,91) 

AM1.1 
73,68 (+) 72,18 (+) 80 (++) 80 (++) 66,67 (-) 63,49 (-) 72,73 (+) 70,89 (+) 75 (+) 74,07 (+) 

(65,35-80,94) (63,75-79,60) (68,73-88,61) (68,73-88,61) (53,66-78,05) (50,40-75,27) (64,85-79,40) (63,27-77,49) (64,53-83,18) (63,30-82,55) 

AM1.2 
75,19 (+) 78,57 (+) 71,43 (+) 75,34 (+) 75 (+) 

(66,96-82,26) (67,13-87,48)  (58,65-82,11) (66,99-82,14)  (65,10-82,83) 

R3 Krick's system 
78,95 (+) 78,95 (+) 67,14 (-) 70 (+) 92,06 (+++) 88,89 (++) 90,38 (+++) 87,5 (++) 71,6 (+) 72,73 (+) 

(71,03-85,53) (71,03-85,53) (54,88-77,91) (57,87-80,38)  (82,44-97,37) (78,44-95,41) (79,96-95,68) (77,40-93,47) (64,16-78,03) (64,85-79,40) 
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Evaluator 
Interpretative 

system 

ACCURACY SENSITIVITY SPECIFICITY POSITIVE PREDICTIVE VALUE NEGATIVE PREDICTIVE VALUE 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario 

 (95% C.I.) 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario  
(95% C.I.) 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario  
(95% C.I.) 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario  
(95% C.I.) 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario  
(95% C.I.) 

AM1 
78,95 (+) 76,69 (+) 71,43 (+) 75,71 (+) 87,3 (++) 77,78 (+) 86,21 (++) 79,1 (+) 73,33 (+) 74,24 (+) 

(71,03-85,53)  (68,58-83,58)  (59,38-81,60) (63,99-85,17)  (76,50-94,35)  (65,54-87,28) (76,29-92,39)  (70,07-85,96)  (65,24-80,12) (65,12-81,65) 

AM1.1 
77,44 (+) 70,68 (+) 75,71 (+) 84,29 (++) 79,37 (+) 55,56 (-) 80,3 (++) 67,82 (-) 74,63 (+) 76,09 (+) 

(69,39-84,23) (62,16-78,25) (63,99-85,17) (73,62-91,89) (67,30-88,53) (42,49-68,08) (71,16-87,07) (61,09-73,87) (65,62-81,92) (63,91-85,11) 

AM1.2 
80,45 (++) 70 (+) 92,06 (+++) 90,74 (+++) 73,42 (+) 

(72,68-86,81) (57,87-80,38) (82,44-97,37)  (80,65-95,84)  (65,72-79,92) 

R4 

Krick's system 
76,69 (+) 79,7 (+) 60 (-) 67,14 (-) 95,24 (+++) 93,65 (+++) 93,33 (+++) 92,16 (+++) 68,18 (-) 71,95 (+) 

(68,58-83,58) (71,86-86,17)  (47,59-71,53) (54,88-77,91) (86,71-99,01) (84,53-98,24) (82,03-97,72) (81,78-96,85) (61,54-74,16) (64,59-78,30) 

AM1 
78,95 (+) 75,19 (+) 65,71 (-) 71,43 (+) 93,65 (+++) 79,37 (+) 92 (+++) 79,37 (+) 71,08 (+) 71,43 (+) 

 (71,03-85,53)  (66,96-82,26)  (53,40-76,65)  (59,38-81,60)  (84,53-98,24) (67,30-88,53) (81,44-96,79) (69,86-86,45) (63,85-77,38) (62,83-78,71) 

AM1.1 
74,44 (+) 72,93 (+) 72,86 (+) 85,71 (++) 76,19 (+) 58,73 (-) 77,27 (+) 69,77 (-) 71,64 (+) 78,72 (+) 

(66,15-81,60)  (64,55-80,27) (60,90-82,80)   (75,29-92,93) (63,79-86,02) (45,62-70,99) (68,12-84,40) (62,87-75,88) (62,69-79,16) (66,78-87,20) 

AM1.2 
78,2 (+) 62,86 (-) 95,24 (+++) 93,62 (+++) 69,77 (-) 

(70,21-84,88) (50,48-74,11) (86,71-99,01) (82,73-97,82) (62,87-75,88) 

R5 

Krick's system 
78,95 (+) 79,7 (+) 65,71 (-) 71,43 (+) 93,65 (+++) 88,89 (++) 92 (+++) 87,72 (++) 71,08 (+) 73,68 (+) 

(71,03-85,53) (71,86-86,17)  (53,40-76,65)  (59,38-81,60)  (84,53-98,24)  (78,44-95,41) (81,44-96,79) (77,77-93,58) (63,85-77,38) (65,68-80,38) 

AM1 
80,45 (++) 78,2 (+) 71,43 (+) 77,14 (+) 90,48 (+++) 79,37 (+) 89,29 (++) 80,6 (++) 74,03 (+) 75,76 (+) 

 (72,68-86,81)  (70,21-84,88)  (59,38-81,60) (65,55-86,33) (80,41-96,42) (67,30-88,53) (79,33-94,76)  (71,57-87,27)  (66,11-80,63) (66,62-83,03) 

AM1.1 
78,95 (+) 75,94 (+) 72,86 (+) 77,14 (+) 85,71 (++) 74,6 (+) 85 (++) 77,14 (+) 73,97 (+) 74,6 (+) 

(71,03-85,53) (67,77-82,92) (60,90-82,80)  (65,55-86,33) (74,61-93,25) (62,06-84,73) (75,27-91,34) (68,45-84,00) (65,65-80,87) (65,11-82,22) 

AM1.2 
81,2 (++) 70 (+) 93,65 (+++) 92,45 (+++) 73,75 (+) 

 (73,52-87,45) (57,87-80,38) (84,53-98,24) (82,42-96,97) (66,14-80,16) 

Median Krick's system 78,95 (+) 78,95 (+) 65,71 (-) 70,00 (+) 93,65 (+++) 88,89 (++) 92,00 (+++) 87,50 (++) 71,08 (+) 72,73 (+) 
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Evaluator 
Interpretative 

system 

ACCURACY SENSITIVITY SPECIFICITY POSITIVE PREDICTIVE VALUE NEGATIVE PREDICTIVE VALUE 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario 

 (95% C.I.) 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario  
(95% C.I.) 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario  
(95% C.I.) 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario  
(95% C.I.) 

Best case 
scenario  
(95% C.I.) 

Worst case 
scenario  
(95% C.I.) 

(71,03-85,53) (71,03-85,53)  (53,40-76,65)  (57,87-80,38) (84,53-98,24) (78,44-95,41) (81,44-96,79)  (77,40-93,47)  (63,85-77,38)  (64,85-79,40) 

AM1 
80,45 (++) 77,44 (+) 71,43 (+) 77,14 (+) 90,48 (+++) 77,78 (+) 89,29 (++) 79,41 (+) 74,03 (+) 75,38 (+) 

(72,68-86,81)  (69,39-84,23) (59,38-81,60)  (65,55-86,33) (80,41-96,42)  (65,54-87,28) (79,33-94,76) (70,49-86,17) (66,11-80,63)  (66,13-82,77) 

AM1.1 
75,94 (+) 72,18 (+) 72,86 (+) 80 (++) 79,37 (+) 63,49 (-) 79,69 (+) 70,89 (+) 72,46 (+) 74,07 (+) 

 (67,77-82,92) (63,75-79,60) (60,90-82,80) (68,73-88,61)  (67,30-88,53)  (50,40-75,27)  (70,31-86,67)  (63,27-77,49) (63,73-79,76) (63,30-82,55) 

AM1.2 
80,45 (++) 70 (+) 92,06 (+++) 90,74 (+++) 73,42 (+) 

(72,68-86,81) (57,87-80,38) (82,44-97,37)  (80,65-95,84) (65,72-79,92) 

Values are expressed in percentages. Highlighted in red, values judged as low compared to the Krick’s system, or which interpretation class was reduced twice compared to 

the Krick’s system. Interpretation classes: (-), low; (+), moderate; (++), high; (+++), very high. Legend: AM1, amended system 1; AM1.1, amended system 1.1; AM1.2, amended 

system 1.2; Krick’s system, 3-classes simplified version of the system by Krick et al.104 as illustrated in Appendix 2 – Supplementary Table 1; R1, Reader1 ; R2, Reader 2; R3, 

Reader 3; R4, Reader 4; R5; Reader 5. 
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Supplementary Table 11 - Concordance between the cytological diagnoses expressed 

according to the 3-classes simplified version of the system by Krick et al.,104 the AM1 

system, and the AM1.2 system. 

  R1 R2 R3 R4 R5 Median 

Intersystem agreement - right 
diagnoses 

58,65 57,89 66,17 60,15 63,91 61,07 

Intersystem agreement - 
wrong diagnoses 

18,05 19,55 18,80 20,30 17,29 19,08 

Intersystem disagreement  23,31 22,56 15,04 19,55 18,80 19,85 

Krick's system - wrong 
diagnosis 

29,03 16,67 20,00 11,54 24,00 20,83 

AM1 - wrong diagnosis 25,81 16,67 0,20 30,77 8,00 20,83 

AM1.2 - wrong diagnosis 0,00 0,00 0,00 0,00 0,00 0,00 

Krick's system & AM1 - wrong 
diagnoses 

38,71 43,33 55,00 50,00 60,00 54,17 

Krick's system & AM1.2 - wrong 
diagnoses 

3,26 0,00 5,00 7,69 8,00 4,17 

AM1 & AM1.2 - wrong 
diagnoses 

3,23 23,33 0,00 0,00 0,00 0,00 

Values are expressed in percentages. Intersystem agreement was defined when the diagnoses for all the 

investigated cytological interpretative systems were in agreement among each other, and was further 

distinguished on the basis of the correctness of the diagnoses compared to the histological reference standard. 

Intersystem disagreement was defined when the diagnoses of 1 or 2 of the investigated cytological interpretative 

systems were in disagreement with the other(s) diagnosis/es, and was further distinguished on the basis of which 

interpretative system(s) expressed the wrong diagnosis/es compared to the histological reference standard. 

Legend: AM1, amended system 1; AM1.2, amended system 1.2; Krick’s system, 3-classes simplified version of 

the system by Krick et al.104 as illustrated in Appendix 2 – Supplementary Table 1; R1, Reader1 ; R2, Reader 2; 

R3, Reader 3; R4, Reader 4; R5; Reader 5. 
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ADDENDUM - VIRAL ONCOLYSIS IN A CELL 
CULTURE MODEL OF CANINE HISTIOCYTIC 
SARCOMA 

 

SCIENTIFIC PRODUCTION OF THE PH.D. CANDIDATE IN THE FIELD 

The 2 studies described in this Section were performed during the externship of the 

Ph.D. candidate at the University of Veterinary Medicine of Hannover (TiHo 

Hannover, Germany). Both studies have been published in peer-reviewed journals, 

with the Ph.D. candidate as one of the 2 co-first Authors: 

 Armando F*, Gambini M*, Corradi A, Giudice C, Pfankuche VM, Brogden G, Attig 

F, von Köckritz-Blickwede M, Baumgärtner W, Puff C. Oxidative Stress in Canine 

Histiocytic Sarcoma Cells Induced by an Infection with Canine Distemper Virus 

Led to a Dysregulation of HIF-1α Downstream Pathway Resulting in a Reduced 

Expression of VEGF-B in vitro. Viruses. 2020 Feb 11;12(2):200. doi: 

10.3390/v12020200. PMID: 32054075; PMCID: PMC7077254. (available in Open 

Access at the following link: https://www.mdpi.com/1999-4915/12/2/200/htm) 

 Armando F*, Gambini M*, Corradi A, Becker K, Marek K, Pfankuche VM, Mergani 

AE, Brogden G, de Buhr N, von Köckritz-Blickwede M, Naim HY, Baumgärtner W, 

Puff C. Mesenchymal to epithelial transition driven by canine distemper virus 

infection of canine histiocytic sarcoma cells contributes to a reduced cell motility 

in vitro. J Cell Mol Med. 2020 Aug;24(16):9332-9348. doi: 10.1111/jcmm.15585. 

Epub 2020 Jul 6. PMID: 32627957; PMCID: PMC7417708. (available in Open 

Access at the following link: 

https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.15585) 

Considered that the 2 studies are the main focus of investigation of the Ph.D. Thesis 

of Dr. Federico Armando from the Department of Veterinary Medicine Sciences of the 

University of Parma (Parma, Italy), only a brief summary of the main findings is 

reported in the current Chapter. 

https://www.mdpi.com/1999-4915/12/2/200/htm
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.15585
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INTRODUCTION  

Viral oncolysis represents an interesting potential new therapeutic option in both 

human and veterinary medicine.8,41,62 Indeed, viruses from different families, 

including members of the Paramyxoviridae (canine distemper virus, measles virus, 

and Newcastle disease virus), have been reported as possessing oncolytic 

properties.8,28,38,48 Canine distemper virus (CDV) is a Morbillivirus closely related to 

human measles virus,67 with the latter already described as a promising oncolytic 

virus in human medicine.10,18 Similarly, the attenuated Onderstepoort vaccine strain 

of canine distemper virus (CDV-Ond) represents a potential oncolytic virus for the 

treatment of canine histiocytic sarcomas.26,50 

Histiocytic sarcomas (HS) are malignant tumors with poor prognosis and limited 

therapeutic options in both humans and dogs,1,3,11,58,70 which originate from interstitial 

dendritic cells or from macrophages.21,29,46,59 According to the higher prevalence of 

HS in dogs than in human beings, the canine species may represent an interesting 

translational model for this neoplastic disease.11 Since its establishment,73 a canine 

histiocytic sarcoma cell line (DH82 cells) has been commercially available. DH82 

cells can be infected by CDV-Ond,26 and have been reported as a promising model 

for the investigation of viral oncolysis.38,49,52 Specifically, acute infection of DH82 cells 

with CDV-Ond in vitro resulted in a prominent cell death at 12 days post infection,26 

followed by the establishment of persistent infection in tumor cells surviving the acute 

lytic phase.50 In this context, subcutaneous xenotransplantion of persistently CDV-

Ond infected DH82 cells resulted in a total regression of the neoplasms in a mouse 

model.50 This promising observation was assumed to be related to a decreased 

vascularization of the transplants,50 with the underlying mechanisms not fully 

understood so far. Therefore, additional investigations using persistently CDV-

infected DH82 cells might represent a promising model to study virus-induced 

alterations of cancer hallmarks 27 and of the tumor microenvironment 75 avoiding the 

confounding effects correlated with ongoing virus-induced cytopathogenic tumor cell 

death associated with the acute infection.26 Indeed, as reviewed by Lapp et al.,38 viral 

oncolysis mechanisms can be distinguished between primary (i.e. direct virus-

induced cytolysis and/or apoptosis) and secondary ones (also defined as “indirect 

oncolysis”). The latter include a wide range of events leading to tumor cell death, 
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such as modulation of the antiviral and antitumoral immune response, changes in the 

organization of the tumor-associated extracellular matrix, and alterations of the 

tumor-associated vasculature and angiogenesis.8,24,33,38,41,48,50,56,75 

In addition to the inderect oncolytic effects hypothesized above, persistent infection 

with CDV might induce direct alterations in DH82 cells mRNA and protein 

expression, further reducing malignancy potential of neoplastic cells and favouring 

xenotransplants regression. In this context, it has beeen reported that persistently 

CDV-infected DH82 cells are characterized by an altered expression of reversion-

inducing cysteine-rich protein with Kazal motifs (RECK), matrix metalloproteinases 

(MMP) −2 and −9, and tissue inhibitors of matrix metalloproteinases (TIMP) −1 and 

−2,52 and by an altered distribution of cortactin within the cytoskeleton.49 Therefore, 

further investigations are warranted in this direction, such as studies focusing on 

mesenchymal to epithelial transition (MET).76 
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STUDY 1 - Oxidative stress in canine histiocytic sarcoma cells induced 

by an infection with Canine Distemper Virus led to a dysregulation of 

HIF-1Α downstream pathway resulting in a reduced expression of VEGF-

B in vitro 

Considered that persistently CDV-infected DH82 cells (DH82Ond pi) did not show 

any difference in growth and apoptotic rate compared to non-infected controls in vitro 

and during the initial phase after transplantation into Scid mice,49,50,52 it was assumed 

that tumor regression of DH82Ond pi xenotransplants was not caused primarily by 

direct virus-induced cell death alone. Indeed, it seems more likely that secondary 

effects of the viral infection on the tumor microenvironment,38,75 as similarly reported 

for Reoviruses,33 account for the complete regression. Specifically, it was estimated 

that regression of DH82Ond pi xenotransplants might be related to alterations in 

cancer-associated angiogenesis,50 which cover a key role among indirect onclytic 

effects induced by viral infections.8,38,41,48,50,75 A reduced vascularization of 

neoplasms often leads to intratumoral hypoxia 16 which in turn is associated with 

modifications of intracellular pathways connected with reactive oxygen species 

(ROS) production and scavenging. CDV infection can increase ROS production and 

ROS-induced damage in vitro and in vivo as shown for spontaneous CDV infection in 

dogs.5,14,25,32,63 Furthermore, CDV can induce an accumulation of viral glycoproteins 

in the endoplasmic reticulum (ER) of Vero cells and primary rat neurons, resulting in 

increased endoplasmic reticulum stress,12 which has been reported as associated 

with an increased ROS productio.9 Besides these considerations, it should be 

remembered that ROS are physiologically involved in a plethora of different 

intracellular signaling pathways,45,57 and play a key role in multiple hallmarks of 

cancer.20 

Hypoxia-inducible factor 1-alpha (HIF-1α) is a transcription factor involved in the 

regulation of a wide plethora of cancer features such as invasion, metastasis, and 

angiogenesis.20,27,47,61,71,78 After translocation from the cytoplasm to the nucleus, HIF-

1α forms a heterodimer with hypoxia-inducible factor 1-beta (HIF-1α), which binds to 

specific DNA sequences known as hypoxia response elements (HREs).61,78 This 

event induces the expression of numerous genes involved in different cellular 
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responses such as angiogenesis,71,78 which is driven by several growth factors, 

including members of the vascular endothelial growth factor (VEGF) family. Together 

with hypoxia, ROS represent the most important stimuli for HIF-1α stabilization and 

nuclear translocation.23,35,47,61,78 During normoxia and redox homeostatic state,51 HIF-

1α is localized within the cytoplasm and is rapidly degraded by the proteasome after 

hydroxylation by prolyl hydroxylases (PHDs) and subsequent ubiquitination by the 

von Hippel-Lindau protein (VHL).35,61,78 In this context, hypoxia and ROS directly 

down-regulate the activity of PHDs and VHL, playing therefore a key role in the 

inhibition of the overall HIF-1α degradation.35,61,78 

Considered the above, the aim of the current study was to investigate the hypothesis 

that a persistent CDV-Ond infection of DH82 cells induces oxidative stress followed 

by a massive inhibition of HIF-1α degrading pathways. This in turn leads to 

cytoplasmic, non-functional accumulation of HIF-1α, which is associated with a 

reduced expression of HIF-1α downstream targets, such as VEGF-B.  

The study was conducted in vitro on persistently CDV-infected DH82 cells (DH82Ond 

pi) by means of microarray data analysis, single and double immunofluorescence 

further analysed with laser scanning confocal microscopy, flow cytometry, 

immunoelectron microscopy, and immunoblotting. Further details are provided in the 

Open Access version of the published paper at the following link: 

https://www.mdpi.com/1999-4915/12/2/200/htm. 

Microarray data analysis, immunofluorescence for 8-hydroxyguanosine, superoxide 

dismutase 2 and catalase, and flow cytometry for oxidative burst displayed an 

increased oxidative stress in persistently CDV-infected DH82 cells (DH82Ond pi) 

compared to controls. Specifically, the upregulation of TXNIP and NCF4 genes might 

correlate with an increased intracellular oxidative stress. Indeed, NCF4 encodes for 

p40phox, a protein that is involved in NADPH oxidase 2 activation.17,45,71 Additionally, 

thioredoxin-binding protein 2, encoded by the TXNIP gene, is an important inhibitor of 

the thioredoxin ROS scavenging system.45,79 On the other hand, ROS-induced 

nucleic acid damage did not differ in DH82Ond pi cells compared to non-infected 

controls. This observation might be interpreted as indicative of an increased oxidative 

stress associated with the neoplastic nature of DH82 cells rather than an effect of the 

https://www.mdpi.com/1999-4915/12/2/200/htm
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viral infection. Indeed, increased intracellular ROS levels are described in the 

literature as a common feature of cancer cells.20,23,47 In addition, DH82Ond pi cells 

displayed an increased expression of SOD2 and CAT compared to non-infected 

controls. The overexpression of these scavenging enzymes involved in ROS 

detoxification have been correlated with an increased oxidative stress in neoplastic 

20,23,47 as well as in inflammatory conditions.30 The results obtained by microarray 

analysis of genes correlated with ER stress 5,9,12,23,45 are consistent with a reduced 

transcription of genes correlated with this process. Our data might be interpreted as 

suggestive of an acquired ability of DH82 cells to adapt to the persistent infection 

with CDV-Ond. This hypothesis is further supported by the finding of an increased 

expression of ROS-scavenging enzymes in DH82Ond pi cells at both a molecular 

and protein level, highlighting the plasticity of cancer cells in actively contrasting 

excessively severe alterations in their redox potential.23,47  

The HIF-1α expression in DH82Ond pi increased, as demonstrated by Western blot, 

and showed an unexpected, often sub-membranous distribution, as shown by 

immunofluorescence and immunoelectron microscopy. Hypoxia could be excluded as 

the cause of the increased HIF-1α protein expression observed in our in vitro model, 

due to the fact that cells were cultivated under normoxic conditions in the current 

study. Consequently, it seems more plausible that the increased expression of HIF-

1α in DH82Ond pi cells was induced by the increased oxidative stress level 

compared to non-infected controls. The down-regulation of 2 PHDs as well as of VHL 

on a molecular level, in association with a lacking regulation of HIF-1α opposed to an 

increased expression of the corresponding protein, could imply that the increased 

protein expression of HIF-1α in DH82Ond pi cells does not refer to an increased 

synthesis, but rather to an inhibition of the degradation pathway. In addition to the 

overall increased expression of HIF-1α, the present study revealed an unusual 

localization of this transcription factor in the sub-membranous compartment and, to a 

lesser extent, within cytosolic vesicles. Further investigations aiming to better 

characterize these vesicles, revealed a co-localization of HIF-1α expression with 

CD63, a marker for the tetraspanin-30 expressed by exosomal membranes.68 

Interestingly, the presence of HIF-1α within CD63+ exosomes has previously been 

reported in Epstein-Barr virus-infected NP69 cells.4 On the other hand, in the current 
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study HIF-1α only occasionally co-localized with CD63+ exosomes, while it frequently 

overlapped with the localization of CDV-NP. The measles virus N-protein, which is 

closely related to CDV-NP,64 is transported within the cell through the endolysosomal 

system,43 also rendering this a possible mechanism for the canine counterpart. 

Furthermore, this observation displays an interesting basis for future investigations 

on the exact sub-cellular localization of HIF-1α within DH82Ond pi cells.  

Finally, microarray data analysis and immunofluorescence confirmed a reduced 

expression of VEGF-B in DH82Ond pi compared to controls. Specifically, the 

microarray data analysis revealed a significant down-regulation of different genes 

involved in the HIF-1α angiogenic downstream pathway, which was further 

substantiated by a significantly reduced expression of VEGF-B on a molecular and 

protein level. Though VEGF-B is nowadays recognized as not being directly involved 

in angiogenesis, this growth factor has been reported as an indirect enhancer of 

VEGF-A (a well-known inducer of angiogenesis), as well as a key promoter of 

survival of different cell types (including endothelial cells, pericytes and smooth 

muscle cells) in several pathological conditions.13,36,40 As already reported in the 

literature,52 the markedly reduced expression of VEGF-B in DH82Ond pi cells did not 

affect cellular growth nor the apoptotic rate.49 Interestingly, DH82Ond pi cell 

xenotransplants displayed a significantly reduced microvessel density compared to 

non-infected controls.50 According to our results, it can be assumed that HIF-1α might 

represent an important mediator of the oncolytic effects described for the in vivo 

model of DH82Ond pi xenotransplants as reported previously in another viral 

oncolysis model.2 

In conclusion, these results of the current study confirmed our hypothesis, suggesting 

a reduced activation of the HIF-1α angiogenic downstream pathway in DH82Ond pi 

cells in vitro, most likely due to an excessive, unusually localized, and non-functional 

expression of HIF-1α which might be the consequence of a decreased cytosolic 

degradation of this transcriptional factor triggered by CDV-induced increased 

oxidative stress. 
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STUDY 2 - Mesenchymal to epithelial transition driven by canine 

distemper virus infection of canine histiocytic sarcoma cells contributes 

to a reduced cell motility in vitro 

In the context of persistent infection with CDV inducing direct alterations in DH82 

cells mRNA and protein expression,49,52 investigations on the mesenchymal to 

epithelial transition (MET) might provide promising results.76 The transition of cells 

from an epithelial to a mesenchymal state (EMT process) has been extensively 

studied and validated as one of the major features correlated to invasiveness and 

metastatic rate of carcinomas.31,34 In contrast, the reverse process, known as 

mesenchymal to epithelial transition (MET process), came into the research focus 

only recently.76 MET is characterized by the expression of markers typical of 

epithelial cells (such as E-cadherin, β-catenin, cytokeratin, CD44, and CD34) in 

sarcoma cells, a process which is often linked to a favourable clinical outcome and a 

better prognosis due to a decreased invasion and metastatic rate, as reported for 

human synovial sarcoma and in human leiomyosarcomas.19,34,37,53,65,66,69,72,76 In the 

MET process in sarcomas, the classical mesenchymal markers (such as N-cadherin, 

vimentin, desmin, and alpha-smooth muscle actin - α-SMA) still predominate in the 

tumor cells in spite of the increased expression of classical epithelial markers, thus 

determining the so-called “metastable phenotype”. 55,74,76  

Considered the above, the aim of the current study was to investigate the hypothesis 

that a persistent CDV-Ond infection of DH82 cells triggers the MET process by 

increasing the expression of epithelial markers, resulting in a less invasive phenotype 

with decreased motility of the neoplastic cells.49 

The study was conducted in vitro on persistently CDV-infected DH82 cells (DH82Ond 

pi) by means of microarray data analysis, single and double immunofluorescence 

further analysed with laser scanning confocal microscopy and 3D reconstruction, 

immunoblotting, cell morphological analysis with phase contrast microscopy, and 

scratch and invasion assays as functional confirmation. Further details are provided 

in the Open Access version of the published paper at the following link: 

https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.15585. 

https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.15585
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CDV-infected cells exhibited an increased expression of epithelial markers such as 

E-cadherin and cytokeratin 8 compared to controls, indicating a MET process. 

Specifically, as detected with immunofluorescence and confirmed by immunoblotting, 

E-cadherin and cytokeratin 8 were signifcantly over-expressed in DH82Ond pi cells 

compared to non-infected controls. Additionally, the expression of β-catenin was also 

increased in persistently CDV-infected DH82 cells, although no significant differences 

were noted. Taken together, these results are indicative of the occurrence of MET in 

DH82 cells that might be the direct consequence of the infection with CDV-Ond. The 

findings of the current study confirmed that CDV-Ond might represent a promising 

oncolytic virus, in addition to the already reported antitumoral effects associated with 

the viral infection such as the alteration of MMP expression, cortactin distribution, 

and tumour-associated vascularization and angiogenesis.7,49,50 

When microarray data were analysed for genes associated with the MET process, a 

significant down-regulation of the myoferlin gene (MYOF) in DH82Ond pi cells 

compared to non-infected controls was observed. In breast cancer, a depletion of 

myoferlin has been associated with increased expression of E-cadherin and reduced 

levels of fibronectin and vimentin, thus reverting the EMT process and affecting 

tumour invasiveness.19,39 Similarly, in the current study the down-regulation of MYOF 

was associated simultaneously with a down-regulation of the fibronectin gene (FN1) 

and with an increased protein expression of E-cadherin. TWIST represents another 

important regulator of the MET process,42,76 which directly interacts with the 

expression of genes associated with the epithelial and mesenchymal phenotype. 

TWIST can down-regulate the E-cadherin and activate the transcription of genes 

such as N-cadherin and vimentin, which are associated with a mesenchymal 

phenotype.42 Interestingly, the mRNA data from the current study displayed an 

increased expression of TWIST together with an up-regulation of N-cadherin. 

However, at the protein level, DH82Ond pi cells exclsuively displayed an increased 

E-cadherin protein expression while a high expression of N-cadherin was present 

only at the mRNA level. This might be attributed to an incomplete MET status, in 

which DH82Ond pi cells might be still in a hybrid transient phase with a so-called 

“metastable phenotype”.55 Similarly, the expression of both E-cadherin and N-

cadherin at the protein level has been reported for circulating breast cancer cells, 
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expressing mixed epithelial and mesenchymal characteristics in a hybrid state.77 

Additionally, the discrepancies observed in the current study between the mRNA 

amount and the expression of the corresponding protein might be related to the 

intervention of miRNAs, which play a well-known role in the EMT and MET process,31 

being able to directly influence the expression of E-cadherin and N-cadherin. 

Therefore, the role of miRNAs in the MET process in DH82Ond pi cells should be 

taken in consideration for future investigations.  

When the intracellular distribution of the aforementioned markers was investigated in 

further details together with the data on cellular morphology and the results of scratch 

and invasion assays, DH82Ond pi cells over-expressing E-cadherin showed more 

frequently an unexpected localization of this protein in a focal area of the cytoplasm 

around the nucleus and the Golgi apparatus compared to non-infected controls, 

despite not reaching statistical significance. Interestingly, E-cadherin cytoplasmic 

internalization and other post-translational modifications of the EMT/MET effectors 

might be involved in the uncommon expression of this epithelial marker at the 

perinuclear level.42 In the current study, cytokeratin 8 also displayed a different 

intracellular localization depending on the cellular infection status. Notably, non-

infected DH82 cells were characterized by a significantly more frequent cytoplasmic 

expression of cytokeratin 8, which was focally arranged around the nucleus and the 

Golgi apparatus, whereas DH82Ond pi cells showed a pronounced expression of 

variably sized aggregates of this protein within the cytoplasm and intermingled with 

the cell membrane. Interestingly, the MET process seems to be associated with a 

decreased cell motility in DH82Ond pi cells. Indeed, as already reported, a 

knockdown of cytokeratin 8 and 18 in neoplastic epithelial cells was associated with a 

significantly increased cancer cell motility and invasiveness.22 In addition, 

cytoplasmic expression of cytokeratin 8 is linked to a general inhibition of the 

migratory potential, while a perinuclear localization is related to an increased tumour 

cell motility.15 Similar results were obtained in the present study, which revealed an 

up-regulation of cytokeratin 8 within DH82Ond pi cells compared to non-infected 

controls. The observation of cytokeratin 8 mainly in a “membranous to cytoplasmic” 

localization in DH82Ond pi cells might be one of the factors leading to the reduced 

cell motility observed in the scratch and in the invasion assay. In contrast, an 
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increased perinuclear expression of cytokeratin 8 in non-infected DH82 cells was 

associated with an increased cell motility in both functional assays applied. 

Furthermore, intermediate filaments and specifically cytokeratins are involved in cell 

adhesion, localization of the organelles, and changing of cellular shape.54 This might 

be correlated with the more homogeneous round cellular shape of DH82Ond pi 

cultures compared to non-infected controls, with the latter characterized by a more 

pleomorphic phenotype. The hypothesis of a reduced cell motility due to a 

rearrangement of intermediate filaments during the MET process might be further 

supported by the fact that a reduced expression of vimentin is also associated with a 

reduced cell motility during MET.44 In the present study, a similar number of cells 

expressed vimentin regardless of the infection status. However, DH82Ond pi and 

non-infected DH82 cells showed a higher number of positive round and spindle cells, 

respectively. This finding was mirrored by the fact that DH82Ond pi and non-infected 

DH82 cells showed a more frequent focal and diffuse cytoplasmic distribution of 

vimentin, respectively, which was confirmed by 3D reconstructions. Taken together, 

these results suggest that the different intracellular distribution of vimentin between 

DH82Ond pi and non-infected controls might be correlated to the predominant 

cellular phenotype among each cell population, rather than to the infection status. 

Nevertheless, the predominant cellular phenotype among each cell population seems 

to be dependent on the infection status, thus suggesting an indirect role of the virus 

in the intracellular redistribution of vimentin. Interestingly, a spontaneous CDV 

infection of canine brain cells has also been reported to modify cytoskeletal proteins 

such as vimentin and glial fibrillary acid protein (GFAP) in vivo.60 Considered that the 

literature highlighted the fundamental influence of the cell shape on motility,6,54 virus-

induced morphological and structural (i.e. intermediate filament rearrangement) 

modifications might be the cause of the observed alterations in cell motility and 

invasiveness.  

In conclusion, these results of the current study confirmed our hypothesis, suggesting 

that CDV infection of DH82 cells triggers the MET process through an increased 

expression of epithelial markers, resulting in decreased cell motility and invasiveness 

which were most likely caused by a rearrangement of cytoskeletal intermediate 

filaments.  
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calyptratus). Joint Congress ECVP-ESVP-ECVCP-ESVCP – Burgers’ Zoom, 

Arnhem, The Netherlands -  25-28/09/2019.  

 Tecilla M, Gambini M, Pigoli C, Bardi E, Romussi S, Ghisleni G, Origgi F. Oral 

mycosis in a veiled chameleon (Chamaeleo calyptratus). Joint Congress ECVP-

ESVP-ECVCP-ESVCP – Burgers’ Zoom, Arnhem, The Netherlands -  25-

28/09/2019.  

 Pigoli C, Gambini M, Bardi E, Bassi J, Manfredi M, Ghisleni G, Tecilla M. 

Congenital skull malformation in a captive python (Pythus regius). Joint Congress 

ECVP-ESVP-ECVCP-ESVCP – Burgers’ Zoom, Arnhem, The Netherlands -  25-

28/09/2019. 

 Pigoli C, Gambini M, Tecilla M, Bielli M, Roccabianca P. Benign ovarian teratoma 

in a greek tortoise (Testudo graeca). Joint Congress ECVP-ESVP-ECVCP-

ESVCP – Burgers’ Zoom, Arnhem, The Netherlands -  25-28/09/2019. 
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 Ghisleni G, Gambini M, Crosta L, Capitelli R, Pigoli C, Paciletti V, Tecilla M. Fine-

needle aspiration cytology (FNAC) of palpable masses in Psittaciformes. Joint 

Congress ECVP-ESVP-ECVCP-ESVCP – Burgers’ Zoom, Arnhem, The 

Netherlands -  25-28/09/2019. 

 Tecilla M, Caniatti M, Pazzini L, Pigoli C, Gambini M, Turchetto S, Ghisleni G, 

Roccabianca P. Vascular melanosis with muscular necrosis in the western 

Mediterranean wild elasmobranch fishes, Raja clavata and Raja oxyrhynchus. 

Joint Congress ECVP-ESVP-ECVCP-ESVCP – Burgers’ Zoom, Arnhem, The 

Netherlands -  25-28/09/2019. 

 Armando F, Gambini M, Corradi A, Giudice C, Pfankuche V M, Brogden G, Attig 

F, von Köckritz-Blickwede M, Baumgärtner W, Puff C. Oxidative stress in canine 

histiocytic sarcoma cells (DH82 cells) induced by a persistent canine distemper 

virus infection leads to impairment of the hif-1α downstream pathway in vitro. 63th  

German Pathologists National Congress – Fulda, Germany - 6-8/03/2020.  

 Chiti L E, Ferrari R, Manfredi M, Zani D D, De Zani D, Gambini M, Giudice C, 

Grieco V, Stefanello D. Gamma-probe guided sentinel lymph node extirpation in 

spontaneous head and neck malignancies of the dog: impact on tumor staging 

and surgical anatomy findings. 29th ECVS Annual Scientific Meeting – Valencia, 

Spain – 2-4/07/2020. (canceled due to COVID-19 emergency)  

 

Other scientific productions 

 Ferrari R, Manfredi M, Chiti LE, Zani DD, De Zani D, Rabbogliatti V, Gambini M, 

Giudice C, Grieco V, Stefanello D. Sentinel lymph node biopsy guided by 

combination technique (lymphoscintigraphy and blue dye) for mast cell tumor in 

dogs: results in 31 consecutive cases. 28th ECVS Annual Scientific Meeting – 

Budapest, Hungary – 4-6/07/2019 – Oral presentation. 

 Stranieri A, Scavone D, Ferrari R, Gambini M, Martinelli L, Martini V, Giordano A, 

Paltrineri S. Another hint from the sysmex XT-2000IV scattergram. Joint 

Congress ECVP-ESVP-ECVCP-ESVCP – Burgers’ Zoom, Arnhem, The 

Netherlands -  25-28/09/2019 – Oral presentation. 
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 Armando F, Gambini M, Corradi A, Pfankuche V M, Mergani A E, Brogden G, von 

Köckritz-Blickwede M, Baumgärtner W, Puff C. Canine distemper virus triggers 

mesenchymal to epithelial transition in canine histiocytic sarcoma cells. 63rd  

German Pathologists National Congress – Fulda, Germany - 6-8/03/2020 – Oral 

presentation. 

 Armando F, Pigoli C, Gambini M, Ghidelli A, Ghisleni G, Corradi A, Passeri B, 

Caniatti M, Grieco V, Baumgärtner W, Puff C (2020) Peripheral nerve sheath 

tumors in goldfish (Carassius auratus) similar to human atypical neurofibroma. 

64th  German Pathologists National Congress – Fulda, Germany - 5-7/03/2020 – 

Oral presentation. 

 

OTHER ACTIVITIES 

Attendance to courses, seminars, workshops and scientific meetings 

 Weekly training (each Friday) for European College of Veterinary Pathologists 

(ECVP) examination by Professor Paola Roccabianca. Departement of Veterinary 

Medicine, University of Milan, Milan (Italy) – 17/10/2017 – present. 

 16th ECVP (European College of Veterinary Pathologists) Summer school. 

Faculty  of Veterinary Medicine, University CEU Cardenal Herrera, Valencia 

(Spain) – 16-27/07/2018. 

 17th ECVP (European College of Veterinary Pathologists) Summer school. 

Faculty of Veterinary Medicine, University CEU Cardenal Herrera, Valencia 

(Spain) – 15-26/07/2019 (88 hours). 

 Joint Congress of Veterinary Pathology and Veterinary Clinical Pathology (ECVP-

ESVP-ECVCP-ESVCP) - Burgers’ Zoo, Arnhem, The Netherlands - 25-

28/09/2019. 

 2020 Pathology Of Laboratory Animals course (POLA) by Davis-Thompson 

Foundation – online course – 3-7/08/2020. 
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Any other relevant activity  

 Externship of 6 months (November 2019 – December 2019 and January 2020 – 

May 2020) at the University of Veterinary Medicine of Hannover (TiHo Hannover 

– Germany).  

 Blinded evaluator of cytological samples in a research study investigating the 

diagnostic accuracy of cytology in predicting the immunophenotype of canine 

lymphomas (managed by Dr. Valeria Martini, DVM, Ph.D., and Professor Stefano 

Comazzi, DVM, Ph.D., DECVCP).  

 Peer-reviewer for the journals “Acta Veterinaria Hungarica” (1 manuscript) and 

“Animals” (1 manuscript).  

 Co-Supervisor for the degree thesis in Veterinary Medicine entitled “Valutazione 

del numero di mastociti in campioni citologici linfonodali di canni affetti da 

mastocitoma e non” (Candidate: Giulia Buzzi; Supervisor: Professor Mario 

Caniatti). Università degli Studi di Milano – 15/05/2019.  

 Co-Supervisor for the degree thesis in Veterinary Medicine with the provisional 

title “Accuratezza diagnostica della citologia linfonodale nel mastocitoma canino” 

(Candidate: Melinda Diotti; Supervisor: Professor Mario Caniatti). Università degli 

Studi di Milano – planned for half of October 2019.  

 Lecturer for the microscope practical sessions (5 hours) of the course 

“Morphological and molecular basis of the central nervous system and its 

pathologies” (held by Professor Tiziana Brevini and Professor Fabrizio Ceciliani) 

for the Magistral Degree in “Scienze Biotecnologiche Veterinarie”. Università degli 

Studi di Milano – 04/04/2019 and 11/04/2019.  

 Daily involved as an ECVP Trainee in the Necropsy, Histopathology and 

Diagnostic Cytology Services of the Diagnostic Pathology Service of the 

Veterinary Teaching Hospital of the University of Milan 

(https://www.ospedaleveterinario.unimi.it/staff/matteo-gambini-anatomia-

patologica/)  

 

  

https://www.ospedaleveterinario.unimi.it/staff/matteo-gambini-anatomia-patologica/
https://www.ospedaleveterinario.unimi.it/staff/matteo-gambini-anatomia-patologica/
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