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The purpose of the present work was the evaluation of the prognostic potential
of histopathologic features, cancer stem cells (CSCs), and epthelial-mesenchymal
transition (EMT) in relation to lymph node status and lymphovascular invasion (LVI)
in canine mammary gland carcinomas (CMGCs). CSCs are proposed as the main cause
of tumorigenesis, therapy failure, and recurrence which form a small fraction of tumor
bulk. We evaluated presence of micropapillary growth pattern (MGP), infiltration
into surrounding tissues (IST), and vasculogenic mimicry (VM) in H&E stained slides
of 26 paraffin-embedded tumor samples. Lymph nodes of all cases were assessed.
Additionally, they were examined immunohistochemically in terms of vimentin
expression as an indicator of EMT which is a well-known mechanism for metastasis,
and CD44, CD24, and ALDH1 for CSCs detection. Data analyses showed significant
relationships between MGP and CSCs (P = 0.037), VM and CSCs (P = 0.013), lymph
node status and CSCs (P = 0.0001), lymph node status and EMT (P = 0.003), IST and
LVI (P = 0.05), VM and LVI (P = 0.01), VM and lymph node status (P = 0.007), and
LVI and lymph node status (P = 0.04). Results indicated the prognostic value of MGP,
VM, and CSCs with respect to confirmed prognostic markers, including VI and lymph

node involvement, in CMGCs.
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INTRODUCTION

Canine mammary gland cancers (CMGCs) account for nearly 50% of all diagnosed
mammary tumors in bitches which are comparable to human breast cancers (HBCs)
known as the leading cause of mortality [1,2]. Growing body of evidence is indicative
of significant similarities between CMGCs and HBCs regarding heterogeneity,
histopathologic, and biologic features emphasizing the significance of comparative
oncology in terms of exploring novel therapeutic approaches and enhancing therapy
efficacy that could be beneficiary to both groups [1,3,4].

Cancer cell dormancy, therapy resistance, metastases, and subsequent poor outcome
result in almost 90% of recurrence-related deaths [4-6]. Multiple hypotheses are
suggested for tumor recurrence including cellular dedifferentiation, stemness
induction, and acquiring aggressive histopathologic forms among others [2]. The
metastatic ability of CMGCs is commonly evaluated according to TNM classification
of malignant tumors (TNM staging) and tumor histopathologic characteristics, such
as histotype, tumor grade, and lymphovascular invasion (LVI) [4]. Apart from these
confirmed methods, other histologic criteria namely micropapillary growth pattern
(MGP), infiltration to surrounding tissue (IST), and vasculogenic mimicry (VM) have
been proposed as putative predictors [2].

MGP is characterized by the presence of tumor cells forming papillae without
fibrovascular stalks and highly likely to invade the lymphatic system leading to tumor
cells dissemination. IST known as invading cancer cells to surrounding tissues has
been shown to have a prognostic value in CMGCs [2,7]. Another probable invasive
determinant is called VM in which epithelial cells acquire the endothelial phenotype
and provide themselves with more blood supply and a way of escape, survive and
spread in challenging environments [8]. VM is diagnosed when a neoplastic cell forms
a cytoplasmic channel that might contain blood cells or empty space indicative of a
root for lymphatic invasion [2]. Cancers with VM show aggressive behavior and have
a poorer outcome compared with tumors devoid of it [9].

Epithelial-mesenchymal transition (EMT) has been suggested as one of the
most important mechanisms responsible for metastasis and eventual recurrence.
This phenomenon can be assessed via evaluation of the vimentin expression in
immunostained tissue sections. Vimentin is an intermediate filament, confers to the
epithelial cancer cells their invasive capacity to separate from the whole tumor mass
and increases metastatic distribution [8-10].

A small fraction of the tumor bulk is called cancer stem cells (CSCs) is proposed
as the main contributor to dormancy and metastatic spread which can happen prior
to development of a detectable primary mammary mass and they can seed in the
bone marrow or other favorable niches as disseminated tumor cells (DTCs) [5]. To
survive in unfavorable environments, CSCs make advantage of different dissemination
stratagies such as different modes of motility and acquire quiescence [4,11,12]. One of
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these strategies is EMT enabling CSCs to survive and emerge lethal metastatic circuits
which course can stretch from months to decades [12-14].

EMT and CSCs share different cell signaling pathways and transcriptional factors
which could build complex positive feedback loops, making the patient’s condition
worse [15,16].

Up to our knowledge, this is the first study which evaluated the prognostic significance
of MGP, IST, and VM in relation to CSCs, EMT, LVI, and lymph node involvement
in CMGCs. The second objective was to investigate different correlations among
CSCs and lymph node status and among EMT and lymph node metastases. The third
objective was to clarify the value of CMGCs as the most appropriate model in pre-
clinical trials for HBCs.

MATERIAL AND METHODS

Tumor samples and histopathologic evaluation

In this study, 26 cases of CMGCs were collected between January 2017 and January
2020. They were fixed, processed, blocked in paraffin, and cut in 4 pm sections;
thereafter, all slides were stained with hematoxylin-eosin (H&E). According to
Meuten (2016), our analyzes comprised intraductal papillary carcinoma (5 cases),
tubular carcinoma (8 cases), tubulopapillary carcinoma (6 cases), complex carcinoma
(2 cases), solid carcinoma (3 cases), anaplastic carcinoma (1 case), and inflammatory
carcinoma (1 case) [17]. Given findings of MGP, IST, and VM in all tissue samples,
histopathologic evaluation was carried out.

Lymph nodes of all cases were assessed by H&E staining via light microscopy.
Presence of isolated tumor cells (< 0.2 mm), micrometastasis (0.2-2 mm), and
macrometastasis (> 2 mm) were defined as lymph node involvement, otherwise they
were accounted negative. LVI was defined by the presence of cancerous cells in the
lumen of lymphatics or blood vessels.

Immunohistochemistry assessment

To examine EMT and CSCs in tumor samples, the paraffin-embedded blocks were
cut at a thickness of 3 um. The slides were deparaffinized, rehydrated, immersed in
hydrogen peroxide for endogenous peroxidase blockade, and then exposed to heat-
induced antigen retrieval. The slides were subjected to primary antibodies, namely
vimentin (Sc-373717; Vimentin (E-5), dilution: 1:50-1:500) as an EMT indicator, CD44
(NBP1-47386; CD44 antibody (8E2I'3), dilution: 1:200-1:1000), CD24 (Sc-19651; Rat
monoclonal antibody (M1/69), dilution: 1:50-1:500), and ALDH1 (Sc-166362; Mouse
monoclonal antibody (H-8), dilution: 1:50-1:500) for CSCs detection, thereafter
secondary antibody and HRP detection kits were used according to manufacturer’s
protocol (Biocare Medical, California, USA). Betazoid DAB was applied for the
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amplification of antigen-antibody reactions. Immunostaining results for vimentin
were defined based on the percentage of positive cells and intensity of reaction in
1,000 cells in 10 HPF (X 400). Fibroblastic and endothelial cells were considered as
internal negative controls.

Statistical analyses

SPSS software (v. 24; Armonk, NY: IBM Corp (2016), USA) was used for data analysis
and correlations between quantitative and qualitative parameters were assessed by
t test and Chi Square test, respectively. It should be noted that P-value < 0.05 was
considered significant.

RESULTS

Histopathologic features and their relations with CSCs,
LVI, and lymph node status

In 38.4% of tumor samples (10 of 206), neoplastic cells arranged in a micropapillary
growth pattern (Figure 1). Interestingly, none of solid mammary gland carcinomas
exhibited this arrangement, and more than half of the tubulopapillary carcinomas, as
is appreciated from their name, showed this structure. MGP was detected only in one
intraductal papillary carcinoma (case 4) and one complex carcinoma (case 25).

Infiltrative tumor cells to adjoining tissues were diagnosed in 88.4% of cases (23
of 26); most notably all tubular carcinomas, all solid types, all complex carcinomas,
inflammatory and anaplastic carcinomas showed IST (Figure 2). Also, this pattern
was found in 83.3% of tubulopapillary carcinomas and more than half of intraductal
papillary carcinomas.

VM was observed in 62.2% (18 of 20) of cases (Figure 3) with different histotypes
including one inflammatory carcinoma, one anaplastic carcinoma, 87.5% of tubular
carcinomas, 40% of intraductal papillary carcinomas, 83.3% of tubupapillary
carcinomas, and 66.6% of solid carcinomas (Table 1). VM was detected in 54.5%
tumors grade I (6 of 11), 75% grade 11 (9 of 12), and 100% grade III (3 of 3).

Lymph node evaluation showed 30.7% (8 of 26) involvement which all of them were
categorized as macro- and micrometastases.

Association between MGP and CSCs was significant (P < 0.05). It is noteworthy that
cases without MGP mostly belonged to CSC negative group. Additionally, a significant
association was found between VM and CSCs (P < 0.05), and cases without VM were
mostly found in the CSC negative group. There was no significant correlation between
IST and CSCs (P > 0.05).

A positive correlation was observed between IST and LVI (P =< 0.05), as IST positive
cases depicted more invasions into the lymphovascular system compared to samples
without it. Additionally, LVI and lymph node status showed a statistically significant
relationship (P < 0.05).

306



YSIY ([ “Q1eIapow [y Seam 1\ ‘vorseaur Jenoseaoydwi] :JAT Opou ydwi] :N'T ‘vonisuen [pwiypuasaw -[erpyids (TN
‘S[[90 WAIS JAOUED :$)QD) AIDTUWIW DTUIFO[NISEA [N A Onssn Surpunorins o1ur vonen[yur (1§T ‘uraned pmors Lrededororu :qou

1 I 11 Imwr 1w mr 1m 1m I I I I II I Ir I I T T T T 1T T REZ ) O LT
+ - + + o+ o+ o+ o+ o+ o+ o+ + + o+ o+ o+ o+ o+ o+ o+ o+ INT
0 0 It I 0 I I 1T 0 0 0 0 It 0 I 6o o o o T 0 0 0 0 0 0 NT
+IN +A +M R W ) \W S AV o AN o AR ) \ W +N +MA N+ A AN - +HH AN - - - T A LIINH
+M - - - - - - - - - - SR o A\ ) (W - - - ST - ¥¢dd
- - +M\ - R \ W 0 \ W ) \ U - - +A\ - - - - - )\ B\ U - ¥rdd
+IN +A +M\ +M - +M +H +H +IN +IN +IN +IN +N +M +IN +A N A+ +H N -+ -+ +IN THATV
- - + - - + 4+ o+ - - - - + - - - - - -+ -+ - - - SOSO
- - + + -+ o+ o+ o+ o+ -+ + S e s S S WA
+ o+ + + o+ o+ o+ o+ o+ o+ o+ - + + 0+ o+ o+ o+ o+ o+ o+ o+ o+ s+ - 18I
- + - - - - + + + - - + + - - - + - - + + - + - - - dON
JPqunu
9¢ ST 144 € ¢ 1T 0T 6L 8T LI 9T ¢TI vI ¢ 2 o 6 8 L 9 S v € T 1 ase)
BWOUIOILD PWOUIOIED  PUWOUIIIED BWOUIOIED BUWOUIOIED adKyorsty
xodwoy onserdeuy pros vwougoied Aseqpdedomnany, Ayorewrwreguy PIIoUIRTeD FEMANL Axemded reonpenuy Jowiny,

Marzban e/ al.: Crosstalks among cancer stem cells and histopathologic features in determining prognosis in canine mammary gland carcinomas

syuoned Jo sormyeoy [edrsoorped pue [edTUT) *[ J[qEL,

307



Acta Veterinaria-Beograd 2021, 71 (3), 303-317

LVI positivity was shown more commonly in tumor samples with VM and it showed
significant differences between cases possessing both VM and LVI positivity, and
cases not presenting these features (P < 0.01).

Interestingly, a significant positive correlation was found between VM and lymph node
status (P < 0.01), so that almost all tumors devoid of VM did not show any lymph
node involvement. None of two other histologic features were statistically significant
in relation to lymph node involvement (P > 0.05).

Immunohistochemistry
The prognostic potentials of CSCs and EMT

Vimentin as an EMT indicator expressed in the cytoplasm of cancer cells (Figure 4).
In this work, 30.7% of all cases were negative which included intraductal papillary

Figure 1. Micropapillary growth pattern in tubulopapillary mammary gland carcinoma;
neoplastic cells are arranged in a papillary pattern without any fibrous stalk; dog, 400X. H&E.
Figure 2. Infiltration to surrounding tissues in solid mammary gland carcinoma; invasive
cancer cells escape and spread to adjacent tissue; dog, 400X. H&E.

Figure 3. Vasculogenic mimicry in intraductal papillary mammary gland carcinoma; multiple
neoplastic cells in this field show a channel like structure mimicking vasculatures; dog, 400X.
H&E.

Figure 4. High expression of Vimentin in epithelial cancer cells. Tubulopapillary mammary
gland carcinoma; dog.400X. IHC
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carcinoma (4 of 5), tubular carcinoma (1 of 8), tubulopapillary carcinoma (2 of 6),
and solid carcinoma (1 of 3). Only one of these EMT negative cases was CSC positive
(Figure 5). Remaining cases (69.2%) showed different levels of vimentin expression
as follows: 42.3% weak, 23% moderate, and 4% highly positive. Only one case with
tubular histology and high positive vimentin expression was CSC positive.

Figure 5. Immunohistochemical detection of CSCs in Tubulopapillary mammary gland
carcinoma. A) ALDH1 strong expression in the cytoplasm of epithelial cancer cells. B) CD44
weak expression in the membrane of epithelial cancer cells. C) CD24 negative expression in the
epithelial cancer cells. Dog, 400x. THC

Among confirmed prognostic factors, namely lymph node status and LVI, vimentin
expression presented a significant positive relation with lymph nodes (P < 0.01) and
no significant correlation with LVI (P > 0.05).

Ather significant associations were shown between concurrent presence of CSCs and
EMT, and LVI positivity (P < 0.05), and also with lymph node involvement (P < 0.01).

The vitally important aspect of this data was that 85.7% of CSC positive tumors
presented lymph node involvement and a significant correlation was observed between

CSCs and lymph node status (P < 0.01).

DISCUSSION

Although potential prognostic indicators have been progressively expanded, recurrence-
and metastases-related deaths are still the main challenge in CMGCs and HBCs. The
present study was designed to evaluate some probable indicators of patients’ outcome
and their relations with given prognostic factors like LVI and lymph node status.

Among the studied variations, only VM showed significant correlation with lymph
node involvement and was detected in all histotypes examined in this study, except for
complex carcinoma. Clemente et al. reported the presence of VM in canine tubular
carcinoma, papillary carcinoma, inflammatory carcinoma, and anaplastic carcinoma
with highly aggressive behavior; which is in accordance with the findings of our study
[18]. On the other hand, Rasotto et al. reported the presence of VM only in anaplastic
carcinomas and did not find any significant association between this feature and lymph
node positivity and LVI [2]. Other studies showed a positive correlation between VM
and higher TNM staging, particularly with more metastases to lymph nodes in head
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and neck carcinomas, and proposed VM as a practical prognostic criterion that can be
incorporated to routine cancer practice [19]. This association seems to have stemmed
from the use of adapting strategy by aggressive transformed cells to fulfill their needs,
particularly in unfavorable environments [19-21]. Some authors have speculated that
CSCs with their unique cellular plasticity and adaptation strength might mimic vascular
structure independent of endothelial cells which are suggestive of synergistic effects
of concurrent existence of CSC markers and VM on patient outcome [18,21-23].

The most important clinically relevant finding was a significant correlation between
VM and CSCs. Prado et al. presented prognostic significance of VM in CMGCs [22].
This association can be justified by common regulatory genes shared among stemness
induction, angiogenesis, and VM pathways, since enhancing CSCs population leads to
increasing VM and propensity to spread and metastasis in bidirectional interactions
[21,24]. The observed significant correlation between VM and LVI might be explained
with an intermediary role for LVI connecting VM appearance and CSCs dissemination,
which altogether result in metastatic seeding and cancer propagation [25-28]. Early
studies have reported the importance of VM, as it provides progressive tumors with
supportive microcirculation which is eventually connected to the general circulation.
Therefore, it is clear that this feature can enhance the invasive propensity of malignant
cells with tumorigenic potential [5,26]. VM supplies lymphatic and hematogenous
routes of breast cancer spread, since some cases demonstrated VM, but not lymph
node involvement, in which cancer cells liberate and spread hematogenouslly, and
lodge in bone marrow in dormant state as DTCs [29].

In the presented study, there were no statistically significant differences among low,
intermediate, and high grade of CMGCs and VM appearance. Similarly, Ahmadi et
al. reported no significant relationship between tumor grades and VM in prostatic
adenocarcinomas [30]. On the other hand, Zhao et al. described the presence of VM
even in grade I hepatocellular carcinomas [31].

Another important finding in the current research was a significant relationship
between IST and LVI which was in agreement with Aleskandarany et al. regarding
the presence of cellular aggregates or single cells invading to surrounding ECM [32].
In contrast to the accumulated evidence suggestive of the pivotal role of EMT in
the invasive front of tumors, this study could not find any evidence of a significant
association between IST and EMT which could be attributed to other possible modes
of mobility, such as filopodia and protursions, or amoeboid movements [32,33].
Flexibility in migratory modes has stemmed from coping cancer cells to acquitre the
best way of dissemination [11]. Rasotto et al. emphasized the significance of entrapped
invasive cells in desmoplastic surrounding stroma which is noticed in the present work
[2]. Desmoplastic reactions resulting from dynamic interactions among distinct cellular
components of the tumor microenvironment can facilitate cell migration by granting
them favorable and permissive conditions [2,34]. It is noteworthy that confining
environments lead to shifting the mesenchymal phenotype to speedy amoeboid
migration mode which is justifiable by desmoplastic stroma encircling migratory cells
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[33,35].In accordance with the present results, previous studies have demonstrated the
prognostic potential of IST and a positive relationship with lymphatic system invasion
[2]-

The results indicate a significant positive relationship between MGP and CSCs which
is consistent with Yang et al. findings who reported increased number of CSCs bearing
CD447/CD247"¥ phenotype accompanied by micropappilary histotype, enhanced
metastatic potential, and a worse outcome [30].

Invasive micropapillary carcinoma as a distinct entity is associated with higher rates
of LVI and lymph node involvement [36]. However, MGP can be detected as a
component in different malignancies including CMGCs, HBCs, lung, and colorectal
cancers. MGP mostly appeared as a transitory form of other histologic patterns
preferably at the invasive front of tumors associated with bigger tumor size, advanced
clinical stages, and perineural and lymphovascular invasions [36,37]. These highly
aggressive features can be attributed to the increased number of CSCs compared to
less aggressive counterparts. Despite possessing better overall survival compared to
ductal carcinoma in situ, invasive micropapillary carcinomas have a shorter recurrence
free period because of a higher frequency of loco-regional relapses [7,38]. This
feature could be justified by compounding effects of CSCs presence and the invasive
histologic pattern, thus accelerating the release of disseminating cells and metastatic
disease development.

In this work, LVI and lymph node status showed a significant correlation. In
accordance with the present result, previous studies have demonstrated that LVI as
a strong substitute for lymph node status could significantly predict patients’ clinical
outcome and LVI positive cancers are accompanied by aggressive clinical, molecular,
and histopathologic characteristics [39-43]. According to clinical TNM staging, node
involvement has its own effect on prognosis, and LVI assessment can be a valuable
surrogate even when lymph nodes are not presented with tumor sample that is a real
challenging shortcoming in veterinary medicine [40].

Another important finding was a positive correlation between CSCs and lymph node
involvement, which was in line with Abbass et al. results who found strong association
among CSCs, lymph node involvement, and distant metastases [44]. Given the complex
nature of cancer dissemination processes particularly after apparently successful
treatment, exclusively, cells harboring stem-like qualities are able to survive and gain
access to lymph nodes and distant niches by overwhelming immune system surveillance
and shearing stresses during circulation [45]. As regional lymph node positivity has
been associated with poor prognosis and subsequent metastases, multiple studies have
focused on the presence of CSCs in primary and secondary tumors. They have found
a significant relatioonship between this subpopulation and higher lymphatic spread of
tumors, as a major route of dissemination, which is in line with our finding [45-47].

There are similarities between the results obtained in this study regarding significant the
positive correlation between EMT and lymph node involvement and those described
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by Jones et al. and Kariri et al. [48,49]. Additionally, Chen et al. highlighted the role of
EMT in lymph node metastases by blocking the main transcription factors of EMT
which leads to reduction in invasive ability of laryngeal cancer cells [21].

In other types of carcinomas, EMT is considered as a prognostic factor which has
a strong correlation with other prognosticators including pathologic lymph node
status, tumor grades, and tumor size among others [50]. Despite of being single
cells circulating through the whole body, EMT confers these motile cells an instinct
resistance to apoptosis so this cellular plasticity contributes to increased invasiveness
and malignant behavior [51].

Interestingly, the present work found that concurrent presence of CSCs and EMT had
significant relationship with lymph node metastases. This can be explained by sharing
almost similar pivotal molecular networks and signaling pathways in both phenotype
plasticity and stemness which can synergistically result in higher grade of metastatic
properties and lymph node involvement [52]. Several studies have suggested that the
metastatic capacity of breast cancers is conducted by CSCs in that cells found in lymph
node metastases and bone marrow of these patients showed CSC enrichment [53,54].

CONCLUSION

The findings of this work highlighted the practical prognostic significance of
histopathologic characteristics including VM and MGP in predicting patients’ outcome.
Additionally, described criteria can provide further evidence supporting prognostic
role of CSCs when comparing to common prognosticators, namely LVI and lymph
node involvement in CMGCs. The findings of this study have a number of important
implications for future practice.
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POVEZANOST MATICNIH CELIJA TUMORA I
HISTOPATOLOSKIH KARAKTERISTIKA ZA ODREDIVAN]JE
PROGNOZE KARCINOMA MLECNE ZLEZDE PASA

Havva MARZBAN, Gelareh CHAMANI, Fariba KHAKI, Parnian AMINI,
Nastaran PEDRAM, Zeinab ASGHARI, Mohammadreza BOROOMAND,

Samira MORADI, Artimes YAHYAEI Mersedeh Sadat HOSSEIN BOROUJERDI,
Kamyab VALINEZHAD

Cilj rada je bio evaluacija prognostickog potencijala histopatoloskih karakteristika kan-
cera maticnih Celija (CSCs), epitelno-mezenhimske tranzicije (EMT) u odnosu na sta-
tus limfnih ¢vorova i limfovaskularne invazije (LVI) u slucajevima karcinoma mlecne
zlezde kod pasa (CMGCs). Predpostavljeno je da su CSCs glavni uzroci tumorogene-
ze, neuspesne terapije 1 ponovnog pojavljivanja, sto predstavlja mali segment svih slu-
¢ajeva tumora. Obavljena je evaluacija mikropapilarne slike rasta (MGP), infiltracije u
okolna tkiva (IST) i vaskulogene mimikrije (VM) pri ¢emu su koris¢eni histoloski pre-
parati (hematoksilin-eozin tehnika bojenja), dobijeni iz 26 parafinskih uzoraka tumora.
Uradena je histoloska procena svih limfnih ¢vorova. Pored toga, obavljena je imuno-
histohemijska analiza u odnosu na ekspresiju vimentina kao indikatora EMT koji je do-
bro poznat mehanizam nastanka metastaza kao 1 detekcija CSC putem analize CD44,
CD24 1 ALDHI1. Analiza rezultata ispitivanja je pokazala znacajnu povezanost izmedu
CSCs (P=0,037), IST i LVI (P=0,013), statusa limfnih ¢vorova i CSC (P=0,0001),
statusa limgnih ¢vorova i IMT (P=0,003), IST i LV( (P=0,05), VM i LVI (P=0,01) VM
i statusa limfnih ¢vorova (P=0,007) 1 LVI i statusa limfnih ¢vorova (P=0,04). Rezultati

316



Marzban e/ al.: Crosstalks among cancer stem cells and histopathologic features in determining prognosis in canine mammary gland carcinomas

ukazuju na prognosticki znacaj MG, VM i CSC u odnosu na potvrdene prognosticke
markere, ukljucujuéi LVI i ukljucenost limfnih ¢vorova u slu¢aju CMGS-a.
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