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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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INVASION, AND PERINEURAL INVASION IN COLORECTAL CARCINOMA
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Abstract.
Background: Colorectal carcinoma (CRC) remains one of the 

most common malignancies worldwide and a leading cause of 
cancer-related mortality. Accurate prediction of recurrence is 
essential for risk stratification and individualized postoperative 
management. This study aimed to evaluate the prognostic and 
predictive significance of tumor budding (TB), lymphovascular 
invasion (LVI), and perineural invasion (PNI) in colorectal 
carcinoma.

Methods: A retrospective cohort study was conducted 
including patients treated at the Clinic of Abdominal Surgery 
and the Department of Pathology, University Clinical Center 
of Kosovo (UCCK), between January 2020 and June 2025. 
Follow-up data collection continued until December 2025, and 
only patients with a minimum follow-up duration of 6 months 
were included in the final analysis. Clinical, surgical, and 
histopathological data were collected, including TB, LVI, and 
PNI status. Statistical analysis included descriptive methods, 
chi-square test, binary logistic regression, receiver operating 
characteristic (ROC) curve analysis with area under the curve 
(AUC), and Kaplan–Meier disease-free survival (DFS) analysis 
with the log-rank test.

Results: High tumor budding (BD3) was identified in 29.2% 
of patients, LVI in 34.1%, and PNI in 26.7%. At least one 
invasive histopathological factor was present in 48.6% of the 
cohort. All three markers were significantly associated with 
disease recurrence (p < 0.001). Multivariate logistic regression 
demonstrated that independent predictors of recurrence were 
LVI (OR 4.72; 95% CI 2.46–9.03), PNI (OR 3.91; 95% CI 
1.98–7.72), and TB (OR 3.24; 95% CI 1.67–6.29). LVI showed 
the highest predictive accuracy in ROC analysis (AUC = 0.781). 
Kaplan–Meier survival analysis demonstrated significantly 
shorter median disease-free survival (DFS) in patients with one 
or more positive invasive histopathological factors compared 
with patients without such factors. Median DFS was 22.4 
months (95% CI: 18.7–26.1) versus 35.1 months (95% CI: 
31.4–38.8), respectively (log-rank p < 0.001)

Conclusions: Tumor budding, lymphovascular invasion, 
and perineural invasion are independent prognostic markers 
in colorectal carcinoma. Among them, LVI demonstrated the 
strongest predictive value for recurrence. Routine incorporation 
of these parameters into pathological reports may improve 
prognostic assessment and support therapeutic decision-making.

Key words. Colorectal carcinoma, tumor budding, 
lymphovascular invasion, perineural invasion, recurrence, 
disease-free survival.
Introduction.

Colorectal carcinoma (CRC) is one of the most frequently 
diagnosed malignancies worldwide and remains a leading cause 
of cancer-related mortality [1-3]. According to recent global 

estimates, more than 1.9 million new cases and over 900,000 
deaths are reported annually, making CRC a major public 
health challenge [1,2]. The burden of disease continues to rise 
in many developing and transitional countries, where changes 
in lifestyle, dietary habits, and population aging contribute to 
increasing incidence rates [1,3].

Despite substantial advances in surgical techniques, systemic 
chemotherapy, radiotherapy, and multidisciplinary oncologic 
care, recurrence and long-term survival remain strongly 
influenced by the biological behavior of the primary tumor [4-17]. 
Therefore, accurate identification of prognostic histopathological 
markers is essential for individualized treatment planning, 
postoperative surveillance, and risk stratification [4,16]. Among 
the most important invasive histopathological parameters are 
tumor budding (TB), lymphovascular invasion (LVI), and 
perineural invasion (PNI) [5-7].

Tumor budding is defined as the presence of isolated single 
tumor cells or small clusters of up to four cells at the invasive 
front and is considered a morphological manifestation of 
epithelial–mesenchymal transition and early metastatic 
potential [5,18,19]. Lymphovascular invasion indicates the 
presence of malignant cells within lymphatic or blood vessels 
and represents a major pathway for tumor dissemination [6,13]. 
Perineural invasion refers to tumor infiltration in, around, or 
through nerve structures and has been associated with aggressive 
disease, local recurrence, and reduced survival [7,20]. Although 
the TNM staging system remains the cornerstone of prognostic 
assessment in CRC, it does not fully capture the biological 
heterogeneity of tumors with similar anatomical stage [8,21]. 
For this reason, additional pathological markers may improve 
the prediction of oncologic outcomes [14,22]. Modern statistical 
approaches, including multivariate logistic regression, receiver 
operating characteristic (ROC) curve analysis, and survival 
models, enable objective evaluation of prognostic factors and 
may support the development of integrated clinicopathological 
models for recurrence risk and disease-free survival (DFS) 
[14,22,23].

The aim of this study was to evaluate the prognostic and 
predictive significance of three invasive histopathological 
features—tumor budding (TB), lymphovascular invasion (LVI), 
and perineural invasion (PNI)—in patients surgically treated 
for colorectal carcinoma at the University Clinical Center of 
Kosovo (UCCK). Specifically, the study aimed to determine 
the association of these parameters with tumor stage (TNM 
classification), disease recurrence, and disease-free survival 
(DFS), and to identify which factors independently predict 
oncologic outcomes.
Materials and Methods.

A retrospective cohort study was conducted including 
patients treated at the Clinic of Abdominal Surgery and the 
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Department of Pathology, University Clinical Center of Kosovo 
(UCCK), between January 2020 and June 2025. Follow-up 
data collection continued until December 2025, and only 
patients with a minimum follow-up duration of 6 months 
were included in the final analysis. Eligible patients had 
histologically confirmed adenocarcinoma of the colon or rectum 
and complete clinicopathological documentation available 
for analysis. Among patients with rectal cancer, selected 
individuals with locally advanced disease received neoadjuvant 
chemoradiotherapy according to institutional multidisciplinary 
treatment protocols. Histopathological evaluation in these cases 
was based on postoperative pathological staging (ypTNM). 
Because of the retrospective design and incomplete treatment 
stratification, neoadjuvant therapy was not included as an 
adjustment variable in the multivariate analysis.

The variables collected included age, sex, tumor localization, 
type of surgical procedure, histological grade, TNM stage, and 
the presence of tumor budding (TB), lymphovascular invasion 
(LVI), and perineural invasion (PNI). Tumor budding was 
assessed according to the recommendations of the International 
Tumor Budding Consensus Conference (ITBCC, 2016) [5,18]. 
Assessment of tumor budding was performed on routine 
hematoxylin and eosin (H&E)-stained histological sections. 
Immunohistochemical staining with cytokeratin markers 
was not routinely utilized for tumor budding evaluation. 
Pathological reporting followed the criteria of the 8th edition 
of the College of American Pathologists (CAP) [21]. Statistical 
analysis was performed using IBM SPSS Statistics version 
26.0. Descriptive statistics were used to summarize baseline 
characteristics. Comparative analyses included the chi-
square test, Student’s t-test, and Mann–Whitney U test, as 
appropriate. Binary logistic regression analysis was applied to 
identify independent predictors of disease recurrence. Receiver 
operating characteristic (ROC) curve analysis was used to 
evaluate the discriminatory performance of TB, LVI, and PNI 
by calculating the area under the curve (AUC). Disease-free 
survival (DFS) was analyzed using Kaplan–Meier survival 
curves, and differences between groups were assessed with the 
log-rank test.
Results.

The study cohort consisted of 243 patients, including 138 
males (56.8%) and 105 females (43.2%), with a mean age of 
63.4 years. Tumor localization was the rectum in 96 patients 

(39.5%), the left colon in 87 patients (35.8%), and the right 
colon in 60 patients (24.7%). The most frequently performed 
surgical procedures were low anterior resection in 32.1% of 
cases, left hemicolectomy in 29.6%, right hemicolectomy in 
24.3%, and abdominoperineal resection in 14.0%.

Histopathological evaluation demonstrated high tumor 
budding (BD3) in 71 patients (29.2%), lymphovascular invasion 
(LVI) in 83 patients (34.1%), and perineural invasion (PNI) in 
65 patients (26.7%). Overall, 118 patients (48.6%) presented 
with at least one positive invasive histopathological factor (TB, 
LVI, or PNI). Regarding tumor differentiation, histological 
grade was G1 in 22 patients (9.1%), G2 in 156 patients (64.2%), 
and G3 in 65 patients (26.7%).

According to TNM staging, 48 patients (19.8%) were 
classified as stage I, 174 patients (71.6%) as stage II–III, and 
21 patients (8.6%) as stage IV disease. During a mean follow-
up period of 30.4 months (range: 6–48 months), 64 patients 
(26.3%) developed local or distant recurrence. The prevalence 
of lymphovascular invasion, perineural invasion, and high 
tumor budding was significantly higher among patients with 
recurrence compared with those without recurrence (p < 
0.001 for all three variables). Kaplan–Meier survival analysis 
demonstrated significantly shorter median DFS in patients 
presenting with one or more positive invasive histopathological 
factors compared with patients without positive invasive 
factors. Median DFS was 22.4 months (95% CI: 18.7–26.1) 
versus 35.1 months (95% CI: 31.4–38.8), respectively (log-
rank p < 0.001). Kaplan–Meier survival curves demonstrated 
significantly shorter DFS in patients with one or more positive 
invasive histopathological factors (Figure 1).
Discussion.

The present study, conducted at the University Clinical 
Center of Kosovo (UCCK) between 2020 and 2025, confirms 
the important prognostic role of tumor budding (TB), 
lymphovascular invasion (LVI), and perineural invasion 
(PNI) in patients undergoing surgical treatment for colorectal 
carcinoma. Nearly half of the cohort (48.6%) demonstrated at 
least one positive invasive histopathological factor, indicating 
that aggressive biological behavior is present in a substantial 
proportion of colorectal tumors. The database cutoff date for 
follow-up analysis was December 31, 2025.

Our findings showed that LVI, PNI, and high tumor budding 
(BD3) were all significantly associated with disease recurrence. 

Figure 1. Kaplan–Meier disease-free survival curves according to invasive histopathological factors.
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In multivariate logistic regression analysis, each marker remained 
an independent predictor of recurrence, with LVI demonstrating 
the strongest effect (OR 4.72; 95% CI 2.46–9.03). These results 
are consistent with previous studies reporting vascular and 
perineural invasion as major pathways of tumor dissemination 
and relapse [5,6,11,13,19]. Several authors, including Lugli et 
al. and Betge et al., have similarly identified LVI as a marker 
of systemic spread and unfavorable oncologic prognosis [5,6].

The prognostic superiority of LVI was further supported by 
ROC curve analysis, in which LVI achieved the highest predictive 
accuracy (AUC = 0.781), compared with PNI (AUC = 0.752) 
and tumor budding (AUC = 0.735). This suggests that vascular 
invasion may serve as a practical surrogate marker of tumor 
aggressiveness and micrometastatic potential, supporting its use 
in postoperative risk stratification and treatment planning [14,22].

Survival analysis also demonstrated a clinically meaningful 
impact of these markers. Patients without positive invasive 
factors had significantly longer median disease-free survival 
(DFS) compared with those presenting at least one positive 
invasive factor (35.1 months; 95% CI: 31.4–38.8 vs. 22.4 
months; 95% CI: 18.7–26.1, log-rank p < 0.001). This finding 
indicates that even a single invasive histopathological feature 
may adversely affect oncologic outcomes and should prompt 
closer surveillance and consideration of adjuvant therapy in 
selected patients [9,10,23].

From a biological perspective, these markers reflect 
complementary mechanisms of tumor progression. Tumor 
budding is considered a morphological correlate of epithelial–
mesenchymal transition and early metastatic activation. 
Lymphovascular invasion represents dissemination through 
vascular and lymphatic channels, whereas perineural invasion 
reflects neurotropic spread and is often associated with 
locoregional recurrence and more advanced disease. Together, 
these factors identify an aggressive tumor phenotype that may 
not be fully captured by conventional TNM staging alone [5-
7,18-20].

The strengths of this study include a relatively homogeneous 
histopathological evaluation and the application of objective 

statistical methods, including logistic regression, ROC 
analysis, and Kaplan–Meier survival models. However, 
several limitations should be acknowledged. The study was 
retrospective, performed in a single institution, and based on a 
moderate sample size. In addition, molecular biomarkers such 
as KRAS, NRAS, BRAF, or microsatellite instability (MSI) 
status were not available for correlation, which may further 
refine prognostic modeling [22,23].

Another limitation of this study is that the impact of 
neoadjuvant chemoradiotherapy in patients with rectal cancer 
was not separately analyzed. Since preoperative treatment may 
influence histopathological features such as tumor budding, 
lymphovascular invasion, perineural invasion, and pathological 
staging, this factor may represent a potential confounding 
variable. Selection bias inherent to the retrospective study 
design should also be considered when interpreting the study 
findings. The relatively limited follow-up duration for a subset 
of recently enrolled patients may have influenced long-term 
survival estimation.

Overall, our results support the routine assessment of tumor 
budding, lymphovascular invasion, and perineural invasion as 
valuable histopathological predictors of recurrence and survival 
in colorectal carcinoma. Their systematic incorporation into 
pathology reports and multidisciplinary decision-making may 
improve individualized patient management.
Conclusion.

This retrospective cohort study of 243 patients with colorectal 
carcinoma treated at the University Clinical Center of Kosovo 
(UCCK) confirms the prognostic importance of invasive 
histopathological markers, namely lymphovascular invasion 
(LVI), perineural invasion (PNI), and tumor budding (TB). 
Each of these factors was independently associated with disease 
recurrence, while LVI demonstrated the highest predictive 
accuracy (AUC = 0.781) [5,6,14].

Patients with one or more positive invasive features had 
significantly reduced median disease-free survival (DFS) compared 
with those without such findings (22.4 months; 95% CI: 18.7–26.1 
vs. 35.1 months; 95% CI: 31.4–38.8; log-rank p < 0.001).

Histopathological factors Recurrence (+) n=64 Recurrence (–) n=179 p-value
LVI positive 47 (73.4%) 36 (20.1%) <0.001
PNI positive 39 (60.9%) 26 (14.5%) <0.001
High tumor budding (BD3) 41 (64.1%) 30 (16.8%) <0.001

Table 1. Association between histopathological factors and disease recurrence.

Abbreviations: LVI: lymphovascular invasion; PNI: perineural invasion.

Prognostic factors OR 95% CI p-value
LVI (positive vs negative [reference]) 4.72 2.46–9.03 <0.001
PNI (positive vs negative [reference]) 3.91 1.98–7.72 <0.001
Tumor budding (BD3 vs BD1–2 [reference]) 3.24 1.67–6.29 0.002
TNM stage (III–IV vs I–II [reference]) 2.31 1.19–4.47 0.016

Table 2. Binary logistic regression analysis of predictors of disease recurrence.

Abbreviations: OR: odds ratio; CI: confidence interval.

Group Median DFS (months) 95% CI Log-rank p-value
No positive invasive factors 35.1 31.4–38.8
≥1 positive invasive factor 22.4 18.7–26.1 <0.001

Table 3. Kaplan–Meier disease-free survival analysis according to invasive histopathological factors.
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These results emphasize the value of comprehensive 
histopathological assessment as an important complement 
to conventional TNM staging [8,21]. Incorporation of these 
markers into routine pathology reporting may improve 
oncologic risk stratification, guide postoperative management, 
and support long-term follow-up strategies in colorectal 
carcinoma [14,22,23].
Recommendations.

Routine assessment of tumor budding, lymphovascular 
invasion (LVI), and perineural invasion (PNI) should be 
systematically incorporated into all histopathological reports 
of colorectal carcinoma [5-7,14]. Patients demonstrating one or 
more of these adverse features should be considered a high-risk 
subgroup and may benefit from intensified clinical, radiological, 
and oncologic follow-up [15-17,25].

Future prognostic models should integrate clinicopathological 
parameters with molecular biomarkers in order to improve 
the accuracy of recurrence and survival prediction [22,23]. In 
addition, these findings should be validated through prospective, 
multicenter studies to better define their therapeutic implications 
and support broader implementation at national and regional 
levels [14,22,23].
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