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ABSTRACT

Aim: This study aimed to evaluate histopathological parameters
following neoadjuvant therapy in rectal adenocarcinoma and their
associations with treatment response and survival outcomes.

Materials and methods: A total of 65 patients with rectal adeno-
carcinoma treated with neoadjuvant chemoradiotherapy followed
by surgical resection between 2007 and 2018 were retrospectively
analyzed. Histopathological features, including tumor budding,
poorly differentiated clusters (PDC), lymphovascular invasion (LVI),
perineural invasion (PNI), circumferential resection margin (CRM)
status, depth of invasion, and lymph node involvement, were re-
evaluated. Tumor regression was graded using the Ryan tumor
regression system and dichotomized into good (Grade 0-1) and
poor (Grade 2-3) response groups. Survival analyses were perfor-
med using the Kaplan-Meier method.

Results: Fourteen cases (21.5%) demonstrated a good response,
whereas 51 (78.5%) showed a poor response. High tumor budding
was significantly associated with reduced treatment response (p
<0.001). Perineural invasion and CRM positivity were significantly
associated with worse overall survival (p=0.001 and p=0.014, res-
pectively). Lymph node metastasis and greater depth of invasion
showed trends toward poorer survival outcomes, although statisti-
cal significance was not reached. Patients older than 55 years had
significantly longer disease-free survival (p=0.021). Although favo-
rable pathological response was associated with improved survival
curves, this difference was not statistically significant.

Conclusion: Tumor budding, perineural invasion, and CRM posi-
tivity are important prognostic indicators in rectal adenocarcinoma
following neoadjuvant therapy. Comprehensive histopathological
evaluation of post-treatment specimens plays a critical role in pre-
dicting treatment response and long-term outcomes.
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OZET

Amagc: Bu calisma, rektal adenokarsinomda neoadjuvan tedavi son-
rasi histopatolojik parametreleri degerlendirmeyi ve bu parametrelerin
tedavi yaniti ile sagkalim sonuclaryla iliskisini incelemeyi amaclad.

Gerec ve Yontem: 2007-2018 yillan arasinda neoadjuvan kemo-
radyoterapi uygulanip cerrahi rezeksiyon yapilan toplam 65 rektal
adenokarsinom hastasi retrospektif olarak analiz edildi. Timdr
tomurcuklanmasi, az diferansiye kiimeler (PDC), lenfovaskdiler in-
vazyon (LVI), perinéral invazyon (PNI), sirkumferansiyel rezeksiyon
sinin (CRM) durumu, invazyon derinligi ve lenf nodu tutulumu gibi
histopatolojik ézellikler yeniden degerlendirildi. Timdr regresyonu
Ryan tiimdr regresyon derecelendirme sistemi kullanilarak deger-
lendirildi ve iyi (Grade 0-1) ve kéti (Grade 2-3) yanit gruplarina
aynildi. Sagkalim analizleri Kaplan—-Meier yéntemi ile yapildl.

Bulgular: On dért olgu (%21,5) iyi yanit, 51 olgu (%78,5) ise kot
yanit géstermistir. Yiiksek timdr tomurcuklanmasi, tedavi yanitinda
azalma ile anlamh olarak iliskili bulunmustur (p=0,002). Perinéral
invazyon ve CRM pozitifligi, daha kéti genel sagkalim ile anlamii
olarak iliskili saptanmistir (sirasiyla p=0,001 ve p=0,014). Lenf nodu
metastazi ve artmis invazyon derinligi daha kéti sagkalim ile iliskili
egilim gdstermis, ancak istatistiksel anlamiilik elde edilememistir.
55 yas Uzeri hastalarda hastaliksiz sagkalimin anlamli olarak daha
uzun oldugu gérialmustiir (p=0,021). Patolojik olarak iyi yanit gés-
teren hastalarda sagkalim egrileri daha iyi olmakla birlikte bu fark
istatistiksel olarak anlamli bulunmamistir.

Sonuc: Timor tomurcuklanmasi, perindral invazyon ve CRM po-
Zzitifligi, neoadjuvan tedavi sonras! rektal adenokarsinomda énemli
prognostik belirteglerdir. Tedavi sonrasi 6rneklerin kapsamili histo-
patolojik degerlendirilmesi, tedavi yaniti ve uzun dénem sonuglarin
éngdrilmesinde kritik rol oynamaktadir.

Anahtar kelimeler: rektum kanseri; neoadjuvan kemoradyoterapi; timér
regresyon derecelendirmesi; ttimér tomurcuklanmasi; perinéral invazyon;
sirkumferansiyel rezeksiyon siniri

lletisim/Contact: Ozgemn Hamdemir, Department of Pathology, Faculty of Medicine, Kafkas University, Kars, Tiirkiye © Tel: 0554 682 51 01
E-mail: ozgecandemir_92@hotmail.com o Gelis/Received: 09.12.2025 » Kabul/Accepted: 11.05.2026

ORCID: Ozgemn Hamdemir, MD: 0000-0001-7204-1627 o Semin Ayhan, MD: 0000-0002-8546-0705 o OmerAtmz,c, MD: 0000-0003-4789-0875

o Omer Acar, MD: 0000-0003-4408-1976

Kafkas J Med Sci 2026; 16(2):203-210
doi: 10.5505/kjms.2026.00400


https://tr.wikipedia.org/w/index.php?title=Korteks&action=edit&redlink=1

204

Introduction

Colorectal cancer (CRC) is one of the most common
malignancies worldwide and remains a leading cause
of cancer-related mortality (1). Rectal cancer repre-
sents a distinct clinical entity within CRC, character-
ized by specific anatomical, biological, and therapeutic
features (2). Prognosis is largely determined by tumor
stage and treatment response (3-5).

Neoadjuvant chemoradiotherapy has become the stan-
dard of care for patients with locally advanced rectal
cancer (stage II-III) (6,7). Preoperative treatment re-
duces tumor size, improves resectability, and lowers lo-
cal recurrence rates (7). However, its impact on overall
survival remains controversial (8,9), and treatment re-
sponse varies considerably among patients (8,10).

Pathological complete response (pCR) is an impor-
tant indicator of therapeutic efficacy and is associ-
ated with improved oncological outcomes (11,12).
Consequently, tumor regression grading and other
histopathological parameters have gained increasing
importance in evaluating treatment response (8,10). In
addition, emerging strategies such as the “watch-and-
wait” approach further highlight the need for accurate
pathological assessment (11,12).

Despite numerous studies on neoadjuvant treatment
outcomes, uncertainty persists regarding which histo-
pathological features best predict response and long-
term prognosis (8,9,13). Identifying reliable patho-
logical parameters may improve risk stratification and
guide individualized treatment strategies.

The primary aim of this study was to evaluate the re-
lationship between histopathological parameters and
treatment response in rectal cancer following neoad-
juvant therapy. The secondary aim was to investigate
their association with prognostic factors.

Material and Methods
Ethical Statement

This retrospective study was conducted in accordance
with institutional ethical standards and the Declaration
of Helsinki. Ethical approval was obtained from the in-
stitutional ethics committee prior to the initiation of
the study.

Cases

A total of 65 patients with rectal carcinoma who re-
ceived neoadjuvant therapy followed by surgical resec-
tion between 2007 and 2018 were retrieved from the

Kafkas J Med Sci 2026; 16(2):203-210

archives of the Department of Medical Pathology. All
available slides were reviewed, and histopathological
findings were re-evaluated.

Clinical and Follow-up Data

The study group’s medical oncologist obtained clini-
cal and follow-up data. Complete follow-up data were
available for 46 patients; therefore, survival analyses
were restricted to this subgroup.

Histopathological Evaluation

All hematoxylin and cosin (H&E)-stained sections
were re-examined for histological type, tumor grade,
lymphovascular invasion (LVI), perineural invasion
(PNI), tumor budding, poorly differentiated clusters
(PDC), lymphocytic response, mucinous differentia-
tion, depth of invasion, tumor deposits, lymph node
status, and tumor perforation.

Tumors were classified according to the WHO
Classification of Tumors (2019), staged using the
AJCC 8th edition (2017), and evaluated in accordance
with CAP (2021) guidelines. Macroscopic findings

were obtained retrospectively from pathology reports.

Mucinous adenocarcinomas were excluded from anal-
yses evaluating treatment response and focal mucinous
differentiation.

Tumor Regression Grading

Tumor regression was assessed using the Ryan tumor re-
gression grading system recommended by the College
of American Pathologists (CAP). The Ryan tumor re-
gression grading system is summarized in Table 1.

To improve statistical power, the four-tiered system
was dichotomized into two groups:

e Good response: Grade 0-1

e Poor response: Grade 2-3

Statistical Analysis

Data were analyzed using IBM Statistical Package
for Social Sciences (SPSS) program version 25 (IBM
Corp., Armonk, NY, USA). Continuous variables
were expressed as mean + standard deviation (SD),
and categorical variables as frequencies and percent-
ages. Associations between categorical variables were
evaluated using Pearson’s chi-square or Fisher’s exact



Table 1. Ryan tumor regression grading system
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Ryan grade  Definition

Grade 0 Pathologic complete response — no viable tumor cells identified.

Grade 1 Near-complete response — rare residual tumor cells, mostly scattered within fibrosis.

Grade 2 Partial response — easily identifiable viable tumor cells with evidence of treatment effect within fibrotic areas.
Grade 3 Poor response — extensive viable tumor with minimal or no evidence of treatment effect.

D agative
PNI negative

PNI positive

Overall
Survival o4

Time (months)

Patients with PNI showed significantly worse overall survival compared to those
without PNI (log-rank p = 0.001).

Negative margin
Positive margin

Overall
Survival o4

Time (months)

Patients with positive radial surgical margins showed significantly worse overall
survival compared to those with negative margins (log-rank p = 0.014).

Figure 1. Kaplan-Meier overall survival curves according to perineural invasion (PNI).

Age <55

Age >55

Disease-free
Survival 04

0 20 40 60 80 100 120 140
Time (months)

Patients older than 55 years showed significantly better disease-free survival
compared to younger patients (log-rank p = 0.021).

Figure 3. Kaplan-Meier disease-free survival curves by age groups.

test. Survival was analyzed using the Kaplan-Meier
method, and differences between groups were assessed
using the log-rank test. A p-value <0.05 was consid-
ered statistically significant, while values between 0.05
and 0.10 were considered borderline significant.

Results
Patient Characteristics

A total of 65 patients were included. Detailed clinico-
pathological characteristics are presented in Table 2.

Figure 2. Kaplan-Meier overall survival curves according to radial surgical
margin status.

According to the Ryan classification, 14 cases (21.5%)
demonstrated a good response, whereas 51 (78.5%)
showed a poor response following neoadjuvant therapy.

Follow-up data were available for 46 patients. During fol-
low-up, 16 patients (34.8%) died, and 30 (65.2%) were

alive. Local recurrence occurred in 8 patients (17.4%).

Treatment Response and Clinicopathological Parameters

High tumor budding was significantly associated with
reduced treatment response (p <0.001) (Table 3).

Higher PDC levels, tumor deposits, PNI, and LVI
were more frequently observed in the poor response
group; however, these associations did not reach sta-
tistical significance. No significant associations were
observed for other parameters.

Survival Analysis

Overall Survival (OS)

Perineural invasion and CRM positivity were signifi-
cantly associated with reduced overall survival (p=0.001
and p=0.014, respectively) (Fig. 1 and Fig. 2).
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Table 2. Clinicopathological characteristics of the study cohort

Categorical variables Category n (%)
Histopathological type Adenoma-like 2(3.1)
Mucinous 2(3.1)
NOS 60 (92.3)
Serrated 1(1.5)
Degree of differentiation Well differentiated 60 (95.2)*
Poorly differentiated 3(4.9)*
Poorly differentiated clusters Low 24 (36.9)
Intermediate 26 (40.0)
High 5(23.1)
Tumor budding Low 25 (38.9)
Intermediate 21 (3233
High 9(29.2)
Intratumoral lymphocytic response Low 30 (46.2)
High 35(53.8)
Peritumoral lymphocytic response Absent 36 (55.4)
Low 29 (44.6)
Crohn-like reaction Absent 42 (64.6)
Present 23(35.4)
Lymphovascular invasion (LVI) Absent 30 (46.2)
Present 35(53.8)
Venous invasion Absent 59 (90.8)
Present 6(9.2
Perineural invasion (PNI) Absent 42 (64.6)
Present 23 (35.4)
Depth of invasion T3-T4 46 (70.8)
T1-T2 9(29.2)
Focal mucinous differentiation Absent 53 (84.1)*
Present 10 (15.9)
Sex Male 40 (61 .5)
Female 5 (38.5)
Neoadjuvant treatment response Good response 4(21.5)
Poor response 51(78.9)
Perforation Absent 58 (89.2)
Present 7(10.8)
Lymph node metastasis Absent 38 (58.5)
Present 27 (41.5)
Tumor deposit Absent 59 (90.8)
Present 6(9.2)
Distal surgical margin Negative 64 (98.5)
Positive 1(1.5)
Circumferential resection margin (CRM) Negative 55 (84.6)
Positive 10 (15.4)
Continuous variables Mean + SD Min—Max
Age (years) 62.1 £11.3 34-84
Tumor size (cm) 3.75 +1.61 0.3-8.0

* Percentages were calculated excluding mucinous adenocarcinoma cases.
Mucinous adenocarcinoma cases (n = 2) were excluded from analyses involving treatment response and focal mucinous differentiation. Focal mucinous differentiation was evaluated only in non-mucinous
tumors.
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Table 3. Association between histopathological parameters and treatment response

Parameter Category Good response n (%) Poor response n (%) p-value

Tumor budding Low 11 (44.0) 14 (56.0) <0.001
High 3(7.5) 37 (92.5)

Lymphovascular invasion (LVI) Absent 9(30.0) 21(70.0) 0.124
Present 5(14.3) 30(85.7)

Perineural invasion (PNI) Absent 11(26.2) 31(73.8) 0.218
Present 3(13.0 20 (87.0)

Poorly differentiated clusters (PDC) Low 8(33.3) 16 (66.7) 0.206
High 6 (14.6) 35(85.4)

Tumor deposits Absent 14 (23.7) 45 (76.3) 0.178
Present 0(0.0) 6 (100.0)

Disease-Free Survival (DFS)

Age had a significant effect on disease-free survival
(p=0.021), with patients older than 55 years demon-
strating longer DFS (Fig. 3).

Treatment Response and Survival

Patients with a good pathological response demon-
strated better overall survival curves; however, this dif-
ference did not reach statistical significance. Similarly,
no significant difference in DFS was observed between
response groups.

Discussion
Preoperative chemoradiotherapy (CRT) followed by

total mesorectal excision is the standard treatment for
locally advanced rectal cancer (6,7). However, therapy-
induced morphological alterations may complicate
pathological assessment (9,10). Although several tu-
mor regression grading systems have been proposed,
variability in prognostic correlation and interobserver
reproducibility remain challenges (8-10). In addition,
CRT may alter established prognostic parameters such
as tumor stage, lymph node status, and circumferential
resection margin, highlighting the critical role of surgi-
cal pathologists in post-treatment evaluation (14-17).

Tumor Budding

Tumor buddingis a well-established adverse prognostic
factor in colorectal carcinoma and has been associated
with advanced stage, lymphovascular invasion, lymph
node metastasis, and reduced survival (13,18,19).

In the present study, high tumor budding was signifi-
cantly associated with poor histopathological response

to neoadjuvant therapy. This finding supports the

concept that tumor budding reflects aggressive tumor
biology and may identify subclones with reduced sen-
sitivity to treatment, in line with previous studies dem-
onstrating its prognostic significance (13,18).

The persistence of tumor budding following neoad-
juvant therapy may indicate selective survival of more
resistant tumor cell populations. Therefore, assessment
of tumor budding in post-treatment specimens may
provide additional prognostic information and con-
tribute to more accurate risk stratification.

Patient Age

Colorectal cancer is most commonly diagnosed in
older adults (1); however, its incidence among younger
patients has increased in recent years (20). Although
advanced age is generally considered an adverse prog-
nostic factor, its relationship with survival outcomes
remains heterogeneous across different clinical and
biological contexts.

In the present study, age was not associated with re-
sponse to neoadjuvant therapy. However, patients old-
er than 55 years demonstrated significantly longer dis-
ease-free survival and a trend toward improved overall
survival. This finding contrasts with some reports in-
dicating poorer outcomes in older patients, but several
factors may explain this observation.

Patients selected for neoadjuvant therapy at older ages
are often physiologically fit, which may contribute to
more favorable outcomes. In contrast, tumors arising
in younger patients may exhibit more aggressive bio-
logical behavior, potentially leading to earlier disease
progression despite similar pathological response.
Differences in tumor biology, including molecular

Kafkas J Med Sci 2026; 16(2):203-210



208

characteristics and tumor kinetics, may therefore un-
derlie the observed survival patterns.

Overall, these findings suggest that age alone may not
determine treatment response but may influence sur-
vival outcomes in a context-dependent manner.

Radlal Surgical Margin (CRM)

Circumferential resection margin (CRM) status is a
well-established pathological parameter associated
with local recurrence and overall survival in rectal can-
cer (14-16). Although definitions vary, a 1-mm cutoff
is widely accepted for CRM positivity (15). Previous
studies have demonstrated that CRM involvement —
particularly due to direct tumor extension— is associ-
ated with an increased risk of recurrence (14,15).

In the present study, CRM status was not associated
with response to neoadjuvant therapy, as similar posi-
tivity rates were observed in both response groups.
This finding suggests that CRM involvement may be
more strongly influenced by baseline tumor extent
and anatomical factors rather than treatment-induced
regression.

Despite the lack of association with treatment response,
CRM positivity was significantly associated with worse
overall survival, in line with previous studies (14,16).
Although the association with disease-free survival did
not reach statistical significance, a trend toward better
outcomes was observed in CRM-negative patients.

Lymph Node Positivity

Lymph node involvement remains one of the most im-
portant prognostic factors in rectal cancer, regardless of
neoadjuvant therapy (3-5,21). Although chemoradio-
therapy may reduce lymph node yield, accurate nodal

evaluation remains essential for staging and prognostic
assessment (22-24).

In our cohort, lymph node metastasis was not associ-
ated with response to neoadjuvant therapy. Although
a slightly higher proportion of good responders was
observed among node-positive patients, this difference
was not statistically significant.

Survival analyses demonstrated lower overall and dis-
ease-free survival in patients with lymph node metas-
tasis, consistent with its established adverse prognostic
impact (3-5,21). However, these differences did not
reach statistical significance, likely due to the limited
sample size.
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Perineural and Lymphovascular Invasion

Lymphovascular invasion (LVI) and perineural inva-
sion (PNI) are recognized adverse prognostic factors
in colorectal cancer, although their significance after
neoadjuvant chemoradiotherapy (CRT) remains vari-

ably reported (17,25,26).

In the present study, absence of LVI was associated
with a higher proportion of good treatment responses;
however, this difference was not statistically signifi-
cant. Similarly, LVI was associated with lower overall
and disease-free survival, but these associations did not
reach statistical significance, consistent with previously

reported variability in the post-CRT setting (25,27).

Perineural invasion showed a similar pattern in treat-
ment response, with lower rates of good response in
PNI-positive cases, though not statistically signifi-
cant. In contrast, PNI was significantly associated with
poorer overall survival, consistent with its established
adverse prognostic role (17,26). While discase-free
survival did not differ significantly, a trend toward im-
proved DES was observed in PNI-negative patients.

Opverall, these findings suggest that PNI retains prog-
nostic relevance following neoadjuvant therapy, where-
as the impact of LVI appears less pronounced in this
setting.

Pathological Stage

Pathological stage remains a key prognostic determi-
nant in rectal cancer, including in patients treated with
neoadjuvant chemoradiotherapy (3-5,17,28).

In this study, deeper tumor invasion (T3-T4) was as-
sociated with a higher proportion of poor treatment
responses; however, this association was not statisti-
cally significant. Greater depth of invasion was also
associated with worse overall survival, consistent with
previous reports emphasizing the prognostic value of
post-treatment staging (3-5), although statistical sig-
nificance was not achieved. Disease-free survival did
not differ significantly between invasion groups.

These findings suggest that, within this cohort, patho-
logical stage was not independently associated with
treatment response or recurrence risk, possibly due to
the limited sample size.

Response to Neoadjuvant Therapy

Neoadjuvant chemoradiotherapy induces variable
degrees of tumor regression in rectal carcinoma, and



pathological complete response (pCR) has been con-
sistently associated with improved oncologic outcomes
(8,10—12). Accurate assessment of tumor regression
requires careful macroscopic sampling and histopatho-
logical evaluation of the tumor bed (9,10).

In our cohort, patients with a favorable pathological
response demonstrated consistently better overall and
disease-free survival curves, in agreement with previ-
ous studies (11,12). Although these differences did not
reach statistical significance, the observed separation of
survival curves supports the established association be-
tween improved pathological response and favorable
long-term outcomes.

The lack of statistical significance is most likely attrib-
utable to the limited sample size rather than absence
of clinical relevance. These findings further emphasize
the importance of pathological response assessment as
a complementary prognostic indicator in patients un-
dergoing neoadjuvant therapy.

Limitations

This study has several limitations. First, its retrospec-
tive design may introduce selection bias. Second, the
sample size was relatively small, particularly in sub-
group analyses, which may have limited the study’s
statistical power. Third, survival analyses were re-
stricted to a subset of patients with available follow-
up data. Finally, the lack of molecular data precluded
further evaluation of underlying biological differences
between subgroups. In addition, the absence of mul-
tivariable survival analyses limits the ability to deter-
mine the independent prognostic impact of individual
parameters.

Conclusion

In this cohort of rectal adenocarcinoma patients treat-
ed with neoadjuvant therapy, key histopathological
parameters were evaluated in relation to treatment re-
sponse and survival outcomes. Tumor budding was sig-
nificantly associated with poor therapeutic response,
highlighting its role as a marker of aggressive tumor
biology and potential treatment resistance.

Perineural invasion and circumferential resection mar-
gin positivity were significantly associated with worse
overall survival, confirming their prognostic relevance
in the post-neoadjuvant setting. Although lymph node
metastasis and greater depth of invasion showed trends
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toward poorer outcomes, statistical significance was
not reached, likely due to the limited sample size.

Patients older than 55 years demonstrated longer dis-
ease-free survival, suggesting potential biological dif-
ferences between early- and late-onset rectal cancer.

Taken together, these findings support integrating
tumor budding, PNI, and CRM status into routine
post-neoadjuvant pathological evaluation to improve
risk stratification and guide individualized patient
management.

Larger prospective studies are needed to validate these

findings.
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