(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 5 (374) Maii 2026

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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PROGNOSTIC AND PREDICTIVE VALUE OF TUMOR BUDDING, LYMPHOVASCULAR
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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
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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

Figure 1. Kaplan-Meaiar disesase-froe
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(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
(LVID) 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: 648 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.
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Figure 1. Kaplan—Meier disease-free survival curves according to invasive histopathological factors.



Table 1. Association between histopathological factors and disease recurrence.

Histopathological factors
LVI positive
PNI positive
High tumor budding (BD3)

Recurrence (+) n=64
47 (73.4%)
39 (60.9%)
41 (64.1%)

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

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

Prognostic factors OR
LVI (positive vs negative [reference]) 4.72
PNI (positive vs negative [reference]) 3.91
Tumor budding (BD3 vs BD1-2 [reference]) 3.24
TNM stage (III-1V vs I-II [reference]) 2.31

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

Table 3. Kaplan—Meier disease-free survival analysis according to invasive histopathological factors.

Group Median DFS (months)
No positive invasive factors 35.1
>1 positive invasive factor 224

Inmultivariate logistic regression analysis, each markerremained
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
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Recurrence (-) n=179 p-value
36 (20.1%) <0.001
26 (14.5%) <0.001
30 (16.8%) <0.001
95% CI p-value
2.46-9.03 <0.001
1.98-7.72 <0.001
1.67-6.29 0.002
1.19-4.47 0.016
95% CI Log-rank p-value
31.4-38.8
18.7-26.1 <0.001
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).



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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