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Abstract

Background: Ki-67 is widely investigated for its role in assessing 
colorectal cancer aggressiveness, prognosis, and treatment response. 
High Ki-67 is associated with poor differentiation and advanced 
stage, yet there is no consensus on the optimal cutoff value that de-
fines clinically meaningful expression. p53 overexpression was also 
correlated with high Ki-67. This study aimed to evaluate the effect of 
neoadjuvant chemoradiotherapy (nCRT) on Ki-67 and p53 expres-
sions in rectal adenocarcinoma, explore their association with patho-
logical tumor response using different Ki-67 cutoff thresholds, and 
assess their relationship with clinicopathological features.

Methods: A total of 45 patients with rectal adenocarcinoma treated 
with standard nCRT followed by surgery at a cancer center (from 
June 2023 to June 2024) were retrospectively included. Pre- and post-
nCRT biopsy and resection specimens were immunostained for Ki-67 
and p53. Two pathologists evaluated expression levels. Paired t-tests 
and regression analyses were used to assess biomarker changes and 

correlations with tumor regression score (TRS), pathological features, 
and clinical parameters.

Results: Ki-67 expression significantly decreased after nCRT (mean 
reduction: 32.9%, P < 0.001). A greater decline, especially at ≥ 50% 
and ≥ 70% cutoff thresholds, was associated with better TRS. Higher 
baseline Ki-67 was associated with lymphovascular invasion (P < 
0.001). p53 showed only modest reduction and was not significantly 
associated with pathological tumor response.

Conclusions: Changes in Ki-67 expression following nCRT were 
associated with pathological tumor response, whereas pre-treatment 
Ki-67 and p53 expressions were not. Larger prospective studies are 
needed to validate these findings and further define the clinical utility 
of Ki-67 in rectal adenocarcinoma.

Keywords: Rectal adenocarcinoma; Neoadjuvant chemoradiother-
apy; Ki-67; p53; Immunohistochemistry; Tumor regression score; 
Pathological tumor response; Lymphovascular invasion

Introduction

Ki-67 is a well-established proliferation marker extensively 
studied in colorectal cancer (CRC) for its role in assessing 
tumor aggressiveness, prognosis, and treatment response De-
spite its clinical relevance, the optimal cutoff value for Ki-67 
remains controversial, with thresholds ranging from 25% to 
60% proposed across various studies depending on methodol-
ogy and clinical context. Lei et al identified a 60% cut-off as an 
independent predictor of mortality and metastasis [1], whereas 
Tong et al demonstrated the prognostic utility of a 25% thresh-
old within the American Joint Committee on Cancer, Eighth 
Edition (AJCC-8) staging framework [2]. Ki-67 expression 
correlates with several histopathological features, including 
tumor grade, stage, and differentiation. High Ki-67 levels are 
often observed in poorly differentiated tumors and advanced 
stages [3–5], although their association with tumor, node, and 
metastasis (TNM) staging remains inconsistent. Additionally, 
Ki-67 has been studied alongside molecular markers such as 
human epidermal growth factor receptor 2 (HER2) and p53 to 
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enhance prognostic accuracy in CRC, and its expression has 
shown associations with microsatellite instability (MSI) status 
[6, 7].

Clinically, high Ki-67 expression is significantly associat-
ed with tumor size, depth of invasion, and lymph node metas-
tasis [2]. It is found highly expressed in adenocarcinoma, not 
otherwise specified (NOS), compared to mucinous adenocar-
cinoma, further emphasizing its prognostic value [5]. A meta-
analysis of 34 studies confirmed that high Ki-67 expression is 
generally linked to poor overall survival (OS) and disease-free 
survival (DFS) [8]. High Ki-67 levels also predict metachro-
nous disease in patients with adenomatous polyps and corre-
late with improved DFS in chemotherapy-treated patients [9]. 
Its role in predicting response to chemoradiotherapy and tar-
geted therapies like anti-HER2 agents has also been explored 
[10, 11].

The relationship between Ki-67 and p53 is particularly 
noteworthy. Ki-67 and p53 expression are studied for their im-
portance in predicting outcomes in patients with rectal cancer 
receiving neoadjuvant chemoradiotherapy (nCRT). The German 
rectal trial has established the use of preoperative chemotherapy 
in locally advanced rectal cancer as a standard treatment while 
increasing the probability of tumor resectability and lowering 
the 5-year local recurrence rate from 11% to 7% compared to 
postoperative therapy, which contributes to better pelvic control 
and sphincter preservation [12]. Upregulation of p53 has been 
associated with a higher Ki-67 labeling index (LI), indicating 
a correlation between p53 positivity and increased cellular pro-
liferation (P = 0.031). High Ki-67 LI (≥ 20%) is significantly 
associated with positive p53 expression, and both markers are 
linked to tumor invasion depth, differentiation, nerve invasion, 
and lymph node metastasis. Logistic regression analysis further 
supports Ki-67 and p53 as independent risk factors for lymph 
node metastasis in CRC [13, 14].

The interplay between Ki-67 expression and lympho-
vascular invasion (LVI) in rectal cancer adds another layer 
of complexity. Studies have shown that Ki-67 expression is 
significantly elevated in metastatic lymph nodes compared to 
primary tumors, suggesting a role in tumor progression and 
lymphatic invasion. This relationship underscores the potential 
combined utility of Ki-67 and LVI in assessing tumor aggres-
siveness and guiding treatment decisions.

Given the ongoing debate regarding the prognostic and 
predictive value of Ki-67 and p53, and the emerging relevance 
of LVI, this study aims to evaluate the impact of nCRT on Ki-
67 and p53 expressions in rectal adenocarcinoma by compar-
ing initial biopsy specimens with corresponding surgical re-
section samples from a cohort of 45 patients with moderately 
to poorly differentiated adenocarcinoma.

Specifically, we aim to determine whether reductions in 
Ki-67 and p53 expression are associated with pathological tu-
mor response to therapy, as assessed by tumor regression score 
(TRS) and clinical treatment response. Additionally, we will 
assess whether Ki-67 and p53 expression levels correlate with 
key pathological features, including LVI, extramural invasion, 
tumor deposits, margin involvement, and post-neoadjuvant 
pathologic tumor, node, and metastasis (ypTNM) stage.

Finally, we will explore the potential of Ki-67 and p53 

as candidate biomarkers associated with treatment response in 
patients with rectal adenocarcinoma undergoing nCRT. Fur-
thermore, we will conduct an exploratory evaluation of various 
Ki-67 cutoff thresholds for pre-to-post treatment changes to 
identify those most strongly associated with pathological tu-
mor regression.

Materials and Methods

Institutional ethical approval was obtained from Hash-
emite University (Institutional Review Board (IRB) No. 
1/5/2022/2023) and King Hussein Cancer Center (KHCC) 
(IRB No. 24 KHCC 59 F). We utilized the Computerized Pa-
tient Record System (CPRS) electronic records at KHCC to 
search for cases of rectal adenocarcinoma. The search was 
conducted from June 1, 2023, to June 30, 2024, using the key-
words “rectal” and “cancer.”

This retrospective study was conducted in accordance 
with the ethical standards of the responsible institutional re-
search committees and with the principles of the Declaration 
of Helsinki. Patient confidentiality was maintained throughout 
the study, and all data were analyzed in a deidentified manner.

Inclusion criteria included patients diagnosed with rec-
tal adenocarcinoma (well, moderately, and poorly differenti-
ated) based on pathological biopsies prior to treatment, who 
received the same neoadjuvant chemoradiation regimen com-
prising neoadjuvant short-course radiotherapy (25 Gy in five 
fractions), followed by six cycles of Xelox. Subsequently, they 
underwent low anterior resection. Most patients had their sur-
gery scheduled 5–8 weeks after the last chemotherapy. The in-
dication for neoadjuvant treatment was based on pre-treatment 
clinical and radiological assessment and multidisciplinary 
team evaluation. The majority of patients with available pre-
treatment staging had locally advanced diseases. Pathology 
reports were scanned and reviewed, and cases involving rectal 
cancers other than adenocarcinomas—such as neuroendocrine 
tumors, carcinoma with a sarcomatoid component, undiffer-
entiated carcinoma, and squamous and adenosquamous carci-
noma—were excluded from the cohort.

We identified 63 patients with moderately to poorly dif-
ferentiated rectal adenocarcinoma. None of the biopsies were 
well-differentiated adenocarcinoma. Their medical record 
numbers (MRNs) were recorded in an encrypted Excel sheet. 
Each patient was assigned a unique identifier (from 1 to 63) to 
ensure privacy and data protection in an anonymized master 
linking log. Data collected included the patient’s age, gender, 
initial presentation (such as tenesmus, rectal bleeding, consti-
pation, and weight loss), positive family history, chronic con-
ditions (such as hypertension and diabetes), imaging results 
(computed tomography (CT) and magnetic resonance imaging 
(MRI)), pre-treatment clinical TNM stage, presence of metas-
tasis, perforation, and the pathology numbers of both the rectal 
biopsy and the post-treatment resection specimens.

The hematoxylin and eosin (H&E) slides of the patients’ 
biopsies, along with the corresponding resection slides, were ob-
tained from the pathology lab at KHCC. Two pathologists (DA 
and RM) reviewed the histopathological diagnoses for the rectal 
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biopsies, confirming the grade and diagnosis of rectal adenocar-
cinoma. Moderately differentiated adenocarcinoma was charac-
terized by 50–95% glandular (tubular or acinar) formation, and 
poorly differentiated adenocarcinoma showed less than 50% 
gland formation, with tumor architecture being solid or incohe-
sive and minimal recognizable glandular differentiation [15].

They then assessed the surgical resection specimens to 
evaluate the treatment effect of neoadjuvant chemoradiation 
therapy using the Modified Ryan Scheme for Tumor Regres-
sion Score [16]. TRS 1 (near-complete response): Only small 
clusters or single cancer cells remain. TRS 2 (partial response): 
Residual cancer is present, but the majority of the tissue is fi-
brosis. TRS 3 (poor response or no response): Extensive resid-
ual cancer with minimal or no evidence of tumor regression. 
Furthermore, the post-treatment pathological ypTNM staging, 
LVI invasion, extramural venous invasion, deposits, and mar-
gins status were documented.

Out of 63 cases examined, 18 tumors had no viable cancer 
cells, i.e., complete response (TRS 0). They thus were exclud-
ed, as the biomarkers cannot be assessed pre- and post-treat-
ment. We included the remaining 45 cases. Next, paraffin-em-
bedded blocks for these patients were retrieved, and sections 
were immunostained for p53 and Ki-67. We had a total of 90 
paraffin-embedded tissue sections for both p53 and Ki-67 im-
munostaining. For p53 immunohistochemistry (IHC), we used 
CONFIRM anti-p53 antibody (clone DO-7). The CONFIRM 
anti-p53 (DO-7) is a mouse monoclonal primary antibody used 
to detect wild-type and mutant forms of the p53 protein by IHC 
in formalin-fixed, paraffin-embedded (FFPE) tissue sections. 
This antibody is also provided in a ready-to-use (prediluted) 
format and is optimized for staining on VENTANA Bench-
Mark systems using 3,3′-diaminobenzidine (DAB)-based 
detection kits. p53 is a nuclear tumor suppressor protein that 
regulates the cell cycle and promotes apoptosis in response to 
DNA damage. The CONFIRM anti-Ki-67 (30-9) is a rabbit 
monoclonal primary antibody designed for the immunohisto-
chemical detection of the Ki-67 protein in FFPE tissue sec-
tions. It is supplied in a ready-to-use (prediluted) format with 
an approximate concentration of 2 µg/mL, optimized for use 
on the VENTANA BenchMark IHC/in situ hybridization (ISH) 
platforms. Ki-67 is a nuclear proliferation marker expressed in 
all active phases of the cell cycle (G1, S, G2, and M) but absent 
in resting (G0) cells.

All immunostained slides were independently assessed by 
two pathologists (DA and RM), who were blinded to the patho-
logical response and clinical outcomes at the time of scoring. 
Only viable tumor cells were evaluated, while areas showing 
extensive treatment-related necrosis, fibrosis, or other non-
viable tissue were excluded from assessment. Ki-67 and p53 
nuclear staining intensity was categorized as weak, moderate, 
or strong. The percentage of positively stained tumor nuclei 
was estimated by visual assessment (eyeballing) to the near-
est 10%. Following independent evaluation, all cases were re-
viewed jointly, and any discrepancies were resolved through 
consensus. p53 immunohistochemical staining was classified 
as a mutant pattern (diffuse strong nuclear staining in > 80% 
of tumor cells or complete absence of staining with intact in-
ternal controls) or a wild-type pattern (variable/patchy nuclear 
staining). p53 IHC patterns were used as surrogate markers of 

TP53 mutation status; however, molecular TP53 sequencing 
was not performed.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics for Windows, version 29 (IBM Corp., Armonk, NY, USA). 
Continuous variables were compared across TRS groups us-
ing Welch’s one-way analysis of variance (ANOVA), with the 
Kruskal–Wallis test used as a non-parametric analysis. Paired-
samples t-tests were used to compare pre- and post-treatment 
Ki-67 and p53 expressions. Associations between categorical 
variables, including the exploratory 30%, 50%, and 70% cut-
offs for pre-to-post biomarker changes, and pathological tumor 
response were assessed using chi-square tests. Linear regres-
sion was used to evaluate differences in biomarker changes 
across TRS categories, with TRS 1 used as the reference cat-
egory. Regression coefficients are reported with 95% confi-
dence intervals (CIs). The cutoff analyses were exploratory, 
and no adjustment for multiple comparisons was performed. 
All tests were two-sided, and a P value < 0.05 was considered 
statistically significant.

Results

Patient demographics

A total of 45 patients were included in the study, with a mean 
age of 54.6 years (standard deviation (SD) = 8.18). The major-
ity of patients (73.3%) were aged 50–64 years, 17.8% were 
aged 35–49 years, and only 8.9% were 65 years or older. Male 
patients accounted for 68.9%, and females for 31.1%.

In terms of clinical presentation, constipation and rectal 
bleeding were the most common symptoms, both reported by 
51.1% of patients. Diarrhea was present in 15.6% of cases, and 
tenesmus was observed in 11.1%. Weight loss was relatively 
rare, observed in only one patient (2.2%). A positive family 
history of CRC was reported by two patients (4.4%). Chronic 
diseases were prevalent, with 73.3% of patients having at least 
one chronic condition. Among the chronic diseases, hyperten-
sion was the most common (60%), followed by diabetes mel-
litus (35.5%).

Table 1 summarizes the pre-treatment clinical stage and 
post-treatment pathology stage, available for 35 patients. Six-
teen patients (45.7%) showed a downgraded stage after treat-
ment; 14 (40%) patients remained at the same stage before and 
after treatment. In comparison, five patients (14.2%) had an 
upgraded stage post-treatment, suggesting disease progression 
or incomplete response.

Examination of rectal biopsies and corresponding surgical 
resections

Two pathologists (DA and RM) assessed pre-treatment biop-
sies and the corresponding post-surgical specimens. In pre-
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treatment biopsies, they documented moderate to poorly dif-
ferentiated adenocarcinomas in 66.6% of cases and moderately 
differentiated adenocarcinomas in 33.3% of cases. Post-treat-
ment pathology (ypTNM) was staged for all 45 patients, re-
vealing that the most frequent stage was ypT3N0 (33.3%), fol-
lowed by ypT2N0 (17.8%). ypN0 nodal status was observed in 
60% of patients, while 26.7% had ypN1, and 13.3% had ypN2 
involvement. Metastasis (ypM1) was present in three patients 
(6.7%).

In 93.3% of patients, surgical margins were clear; anterior 
circumferential involvement was observed in 4.4% of cases, 
and posterior involvement was noted in 2.2%. Deposits were 
present in 11.1% of patients. TRS showed that three patients 
were TRS 1 (6.6%), 37 patients scored TRS 2 (82.2%), and 
five scored TRS 3 (11.1%). Extramural venous invasion was 
seen in four cases (8.8%) and LVI invasion in eight (17.7%).

Ki-67 and p53 expression in rectal adenocarcinoma in ini-
tial biopsy specimens and corresponding surgical resection

Strong Ki-67 staining was the predominant intensity in both the 
pre-treatment biopsies and the corresponding post-treatment 
specimens, although its frequency decreased from 37 (82.2%) 
to 32 (71.1%) cases following nCRT. The proportion of tumors 
showing Ki-67 expression in > 70% of tumor cells also de-
creased from 34 (75.5%) before treatment to 20 (44.4%) after 
treatment, whereas complete absence of staining increased from 
one (2.2%) to six (13.3%) cases (Table 2). A representative case 
demonstrating strong Ki-67 expression before nCRT and com-

plete absence of expression in the corresponding post-treatment 
specimen is shown in Figure 1. Similarly, strong p53 staining 
remained the predominant intensity following treatment, al-
though it decreased from 32 (71.1%) to 27 (60.0%) cases. The 
proportion of tumors showing p53 expression in > 70% of tumor 
cells decreased from 32 (71.1%) to 25 (55.5%), while complete 
absence of p53 staining increased from five (11.1%) to nine 
(20.0%) cases. The distribution of p53 IHC patterns shifted 
from predominantly wild-type before treatment, observed in 25 
(55.6%) cases, to predominantly mutant-pattern after treatment, 
observed in 28 (62.2%) cases (Table 3).

Table 1.  Pre-Treatment Clinical Stage and Post-Treatment Pathology Stage, Available for 35 Patients

Pre-treatment clinical stage (cTNM),  
total n = 35 Number of patients Post-treatment pathology stage  

(ypTNM) Number of patients

T2N0 2 ypT2N0 2
T2N1 2 ypT1N0 1

ypT3N1aM1 1
T3aN0 2 ypT3N0 2
T3N2 27 ypT1N0M1a 1

ypT1N0 1
ypT2N1b 3
ypT2N0 3
ypT3N0 10
ypT3N1a 3
ypT3N1aM1a 1
ypT3N1b 1
ypT3N2a 1
ypT3N2b 3

T4N2 2 ypT3N0 1
ypT2N0 1

The most common clinical stage was T3N2 (77%). None of the patients presented with perforation. Most patients were recurrence-free after 6 
months’ follow-up (95.5%); however, two patients died. ypTNM: post-neoadjuvant pathologic tumor, node, and metastasis.

Table 2.  Ki-67 Expression Before and After nCRT (N = 45)

Ki-67 parameter Pre-treatment,  
n (%)

Post-treatment,  
n (%)

Staining intensity
    No staining 1 (2.2%) 6 (13.3%)
    Weak 0 (0%) 1 (2.2%)
    Moderate 7 (15.5%) 6 (13.3%)
    Strong 37 (82.2%) 32 (71.1%)
Percentage of staining
    > 70% 34 (75.5%) 20 (44.4%)
    40–60% 8 (17.7%) 12 (26.7%)
    10–30% 2 (4.4%) 7 (15.5%)
    No staining 1 (2.2%) 6 (13.3%)

nCRT: neoadjuvant chemoradiotherapy.
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Comparison of Ki-67 and p53 expression in rectal adeno-
carcinoma in initial biopsy specimens and corresponding 
surgical resection

The response to therapy showed that 82.2% of patients had a 
partial response (TRS 2), 11.1% had poor/no response (TRS 
3), and 6.7% achieved a near complete response (TRS 1). Me-
tastases were absent in 84.4% of patients, with post-treatment 
hepatic metastases seen in 6.7% of the sample.

The analysis of clinical and demographic factors in rela-
tion to therapy response revealed no significant associations. 
Age group did not appear to affect response to therapy (P = 
0.741), and there was no significant difference in therapy re-
sponse based on gender (P = 0.456). Also, the presence of a 
family history of cancer showed no clear impact on therapy 

response (P = 0.798).
For Ki-67, the mean percentage of staining also declined 

from 72.4% (pre-treatment) to 50.7% (post-treatment), with a 
mean difference of 32.9%. Strong staining remained predomi-
nant, though it decreased from 82.2% to 71.1%, while negative 
staining increased from 2.2% to 13.3% (Table 4).

When assessing the association between changes in p53 
and Ki-67 expression and tumor response to therapy, the re-
sults varied by cutoff thresholds. For p53, using a 30% differ-
ence cutoff, the chi-square test showed no significant associa-
tion with response to therapy (P = 0.419). At the 50% cutoff, 
the association approached significance (P = 0.088), but at the 
70% cutoff, it remained nonsignificant (P = 0.437) (Table 5).

In contrast, Ki-67 showed a clearer association with tumor 
response. At the 30% cutoff, the association was not signifi-
cant (P = 0.145), but it became statistically significant at the 
50% cutoff (P = 0.019) and was highly significant at the 70% 
cutoff (P < 0.001) (Table 5). These findings indicate that larger 
reductions in Ki-67 expression were associated with patho-
logical tumor response within this cohort, whereas comparable 
associations were not observed for p53 expression. Given the 
limited sample size and the marked imbalance between TRS 
groups, these associations should be interpreted cautiously.

However, analyzing the relationship between changes in 
p53 IHC pattern and tumor response, no significant associa-
tion was found (P = 0.193). This indicates that shifts between 
mutant-pattern and wild-type-pattern p53 staining were not 
clearly linked to treatment outcomes.

In assessing whether reductions in Ki-67 or p53 were as-
sociated with therapy response, linear regression demonstrated 
significant differences in Ki-67 changes across response cat-
egories. Compared with TRS 1 (near-complete response), the 
estimated differences were −0.472 (95% CI, −0.761 to −0.183; 
P = 0.002) for TRS 2 and −0.447 (95% CI, −0.798 to −0.096; 
P = 0.014) for TRS 3. In contrast, no significant differences in 
p53 changes were observed for TRS 2 (estimate: −0.218; 95% 
CI, −0.577 to 0.141; P = 0.227) or TRS 3 (estimate: −0.347; 
95% CI, −0.783 to 0.089; P = 0.117), compared with TRS 1. 

Table 3.  p53 Expression Before and After nCRT (N = 45)

p53 parameter Pre-treatment,  
n (%)

Post-treatment,  
n (%)

Staining intensity
    No staining 5 (11.1%) 9 (20.0%)
    Weak 3 (6.6%) 2 (4.4%)
    Moderate 5 (11.1%) 7 (15.5%)
    Strong 32 (71.1%) 27 (60.0%)
Percentage of staining
    > 70% 32 (71.1%) 25 (55.5%)
    40–60% 3 (6.6%) 4 (8.8%)
    10–30% 5 (11.1%) 7 (15.5%)
    No staining 5 (11.1%) 9 (20.0%)
p53 IHC pattern
    Mutant-pattern 20 (44.4%) 28 (62.2%)
    Wild-type pattern 25 (55.6%) 17 (37.8%)

IHC: immunohistochemistry; nCRT: neoadjuvant chemoradiotherapy.

Figure 1. Rectal adenocarcinoma in the same patient before and after neoadjuvant chemoradiotherapy (nCRT). (a) Strong Ki-
67 expression in 90% of tumor cells before nCRT. (b) Post-nCRT surgical resection demonstrating complete absence of Ki-67 
expression.
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Table 4.  Comparison of Ki-67 and p53 Expression in Rectal Adenocarcinoma in Initial Biopsy Specimens and Corresponding Surgi-
cal Resection

p53
    p53 percentage of staining (pre) Mean 70.00%
    p53 intensity of staining (pre) Moderate 5 11.10%

Negative 5 11.10%
Strong 32 71.10%
Weak 3 6.70%

    Mutant pattern vs wild-type pattern (pre) Mutant pattern 20 44.40%
Wild-type pattern 25 55.60%

    Mutant pattern vs wild-type pattern (post) Mutant pattern 28 62.20%
Wild-type pattern 17 37.80%

    Change or not Become mutant pattern 5 11.10%
Become wild-type pattern 13 28.90%
Not changed 27 60.00%

    p53 percentage of staining (post) Mean 56.70%
    p53 intensity of staining (post) Moderate 7 15.60%

Negative 9 20.00%
Strong 27 60.00%
Weak 2 4.40%

    p53 staining percentage difference (pre-post) Mean 24.90%
        Difference (30% cut-off) < 30% 28 62.20%

≥ 30% 17 37.80%
        Difference (50% cut-off) < 50% 35 77.80%

≥ 50% 10 22.20%
        Difference (70% cut-off) < 70% 38 84.40%

≥ 70% 7 15.60%
Ki-67
    Ki-67 percentage of staining (pre) Mean 72.40%
    Ki-67 intensity of staining (pre) Moderate 7 15.60%

Negative 1 2.20%
Strong 37 82.20%

    Ki-67 percentage of staining (post) Mean 50.70%
    Ki-67 intensity of staining (post) Moderate 6 13.30%

Negative 6 13.30%
Strong 32 71.10%
Weak 1 2.20%

    Ki-67 staining percentage difference (pre-post) Mean 32.90%
        Difference (30% cut-off) < 30% 23 51.10%

≥ 30% 22 48.90%
        Difference (50% cut-off) < 50% 32 71.10%

≥ 50% 13 28.90%
        Difference (70% cut-off) < 70% 37 82.20%

≥ 70% 8 17.80%
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By examining the association of pre-treatment Ki-67 and p53 
expression with therapy response, no significant associations 
were found. For Ki-67, the one-way ANOVA (P = 0.289) and 
the Kruskal–Wallis test (P = 0.509) both showed no signifi-
cant association with pathological tumor response. Moreover, 
pre-treatment p53 staining showed no significant relationship 
with therapy response, with nonsignificant results in both the 
ANOVA (P = 0.741) and the Kruskal–Wallis test (P = 0.409).

Evaluating the association of Ki-67 and p53 with clini-
cal and pathological features, mixed results were observed. 
Ki-67 expression was significantly linked to LVI (P < 0.001). 
However, no significant associations were found with tumor 
deposits (P = 0.172), extramural venous invasion (P = 0.459), 
or margin involvement (P = 0.984). For p53, none of these 
features showed a significant relationship, though margin in-
volvement approached significance (P = 0.069).

Finally, regarding the Ki-67 pre-treatment staining in-
tensity, no significant association was found with response to 
therapy or LVI.

For survival outcomes, at the 6-month follow-up, the OS 
rate was 95.6%, with two deaths recorded among the 45 pa-
tients. Similarly, the DFS rate was 95.6%, with two patients 
developing disease recurrence during the follow-up period.

Discussion

This study evaluated changes in Ki-67 and p53 expression in 
rectal adenocarcinoma following nCRT and explored their as-
sociation with pathological tumor response. While pre-treat-
ment expression levels of both markers were not associated 
with therapy response, Ki-67 expression decreased significant-
ly following treatment (P < 0.001), with greater treatment-as-
sociated reductions associated with better pathological tumor 
response. These findings suggest that, in our cohort, the change 
in proliferative activity following nCRT may provide more in-
formation regarding treatment response than pre-treatment Ki-
67 expression alone. The analysis of clinical and demographic 
factors in relation to therapy response revealed no significant 
associations. Age group did not appear to affect response to 
therapy (P = 0.741), and there was no significant difference in 
therapy response based on gender (P = 0.456). Similarly, the 

presence of a family history of colon cancer showed no clear 
impact on therapy response (P = 0.798).

Ki-67 and p53 have been investigated as potential bio-
markers of response to neoadjuvant treatment in rectal cancer; 
however, previous findings have been inconsistent. Terzi et 
al found that pre-treatment expressions of Ki-67 and p53 did 
not significantly predict histopathological response to preop-
erative chemoradiotherapy [17]. In contrast, Jakob et al [18] 
evaluated Ki-67 and p53 expressions in pre-treatment biopsies 
and post-treatment resection specimens from patients with 
locally advanced rectal cancer receiving nCRT. Responders 
demonstrated significantly lower Ki-67 expression than non-
responders in both pre- and post-treatment specimens, and Ki-
67 expression correlated positively with thymidylate synthase 
(TS) mRNA levels. p53 expression was not associated with 
either tumor regression or TS expression, supporting Ki-67, 
but not p53, as a potential predictor of response to neoadjuvant 
therapy. In their cohort, pre-treatment and post-treatment spec-
imens were available for 22 and 40 patients, respectively [18].

In another study, Rau et al [19] prospectively evaluated 
paired pre- and post-treatment tumor samples from 66 patients 
with rectal cancer to investigate dynamic changes in Ki-67, 
p53, p21, BAX, and hMSH2 following nCRT. An increase in 
Ki-67 expression after treatment and a decrease in p21 expres-
sion were associated with improved DFS, whereas pre-treat-
ment p53 expression and p53 mutation status had no prognostic 
value. The authors concluded that dynamic treatment-induced 
biomarker changes may provide greater prognostic informa-
tion than baseline expression, particularly highlighting p21 in-
duction as a potential mechanism of treatment resistance.

Our findings therefore add to the existing literature by 
demonstrating that, although baseline Ki-67 expression was 
not associated with pathological response in our cohort, the 
magnitude of its treatment-associated reduction was associ-
ated with better pathological tumor response, supporting fur-
ther investigation of dynamic changes in Ki-67 as a marker of 
treatment effect. In contrast, p53 expression showed no sig-
nificant association with therapy response at either the pre- or 
post-treatment stage (ANOVA P = 0.741; Kruskal–Wallis P = 
0.409). Although a modest reduction in p53 expression post-
treatment was observed (P = 0.019), this did not translate into 
a significant correlation with clinical outcomes. These find-
ings are consistent with previous studies, such as Terzi et al 
[17], which also found no predictive value of p53 expression 
in rectal cancer patients undergoing nCRT. Interestingly, p53 
IHC patterns changed in some patients following treatment; 
however, these changes were not significantly associated with 
therapy response (P = 0.193). This suggests that p53 IHC pat-
terns may not be a reliable indicator of treatment efficacy in 
this context.

When evaluating expression changes using cutoff thresh-
olds, Ki-67 again demonstrated stronger clinical relevance, 
with a significant reduction in Ki-67 expression after treatment 
and a strong correlation in therapy response at higher cutoff 
values (50% and 70%). In contrast, p53 showed no significant 
associations at any threshold. Importantly, these cutoffs rep-
resent the magnitude of treatment-associated change in Ki-67 
expression rather than absolute Ki-67 expression levels. The 

Table 5.  Association Between Changes in Ki-67 and p53 Ex-
pression and Tumor Response According to Different Cutoff 
Thresholds

Biomarker Cut-off (%) P value
p53 30 0.419

50 0.088
70 0.437

Ki-67 30 0.145
50 0.019
70 < 0.001

p53IHC pattern Change in p53 IHC pattern 0.193

IHC: immunohistochemistry.
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cutoff analyses were exploratory and were not intended to es-
tablish optimal or clinically validated thresholds.

Ki-67 has been considered a cellular proliferation mark-
er, and its high expression has been associated with a poorer 
prognosis in rectal cancer. Yoshikawa et al found that patients 
with a high Ki-67 index had a 5-year survival rate of 68%, 
compared to 100% for those with a low Ki-67 index. This es-
tablishes the potential of Ki-67 as an independent prognostic 
marker in rectal cancer [20].

Lei et al identified a Ki-67 ≥ 60% cutoff as an independ-
ent biomarker for predicting both mortality and metastasis in 
CRC [1]. Similarly, Liu et al reported that Ki-67 expression 
above 50% was associated with improved DFS and therapeutic 
outcomes in patients receiving surgery and adjuvant chemo-
therapy, suggesting that high proliferative activity can increase 
tumor response to chemotherapy [9]. In contrast, Tong et al 
evaluated the prognostic significance of Ki-67 expression in 
1,090 patients with CRC, stratifying absolute Ki-67 expression 
in 25% intervals within the AJCC-8 staging system [2]. Higher 
Ki-67 expression was associated with several adverse clinico-
pathological features, including greater invasive depth, poorer 
differentiation, advanced stage, and lymph node involvement, 
and multivariable analysis identified Ki-67 as an independent 
prognostic factor. The authors proposed 25% absolute Ki-67 
expression as a useful classification cutoff, with higher Ki-67 
expression associated with poorer prognosis [2]. However, the 
thresholds reported in these studies were based on absolute 
Ki-67 expression and should not be directly compared to the 
change-based cutoffs evaluated in the current study. Our re-
search utilized cutoffs of 30%, 50%, and 70%, which are not 
absolute expressions but rather reflect the degree of changes 
from pre-treatment to post-treatment. Therefore, the clini-
cal significance of these cutoffs cannot be inferred from the 
thresholds previously reported. Given the limited sample size 
and imbalance across tumor regression groups, the associa-
tions identified at the 50% and 70% cutoffs require validation 
in larger independent cohorts before any clinical application.

Associations of other pathological features, such as LVI, 
were found to be significant (P < 0.001) with Ki-67 in our 
study; direct studies specifically linking Ki-67 expression to 
LVI in CRC are limited. The high proliferative index indicated 
by Ki-67 could potentially correlate with the aggressive nature 
of tumors that exhibit LVI. The presence of LVI often indicates 
a more aggressive tumor phenotype, which could be reflected 
in higher Ki-67 expression levels, although this relationship is 
not explicitly detailed in the studies provided. The interplay 
between Ki-67 and LVI may thus serve as a valuable compos-
ite marker for stratifying patients by risk and guiding treatment 
decisions. Therefore, both high Ki-67 expression and LVI are 
independently associated with poor prognosis, indicating that 
they may contribute to tumor aggressiveness through different 
but potentially overlapping pathways [2, 21]. p53, however, 
showed no significant associations with LVI, tumor deposits, 
or margin involvement, although margin involvement ap-
proached significance (P = 0.069).

The reduction in Ki-67 expression following nCRT may 
reflect treatment-induced DNA damage, leading to cell-cycle 
arrest and apoptosis, while surviving resistant tumor cells may 
enter a quiescent or senescent state. p53 also plays an important 

role in the response to DNA damage through cell-cycle arrest, 
DNA repair, and apoptosis. However, mutations in p53 can hin-
der these protective mechanisms, allowing tumor cells to survive 
treatment and potentially leading to resistance. Although p53 
expression was not significantly associated with pathological 
response in our study, its biological role in treatment response is 
well established. However, p53 IHC should be interpreted with 
caution, as it does not directly determine TP53 mutation status 
[22, 23]. In this study, the significant associations observed were 
limited to changes in Ki-67 expression following nCRT rather 
than baseline pre-treatment expression. Therefore, our findings 
support the role of changes in Ki-67 expression as a marker of 
treatment response rather than baseline Ki-67 expression as a 
validated pre-treatment predictive biomarker. Larger prospec-
tive studies incorporating pre-treatment biomarker assessment 
and long-term clinical outcomes are needed to determine the 
clinical utility of baseline Ki-67 expression and to validate the 
associations observed in our study.

Our study has several limitations, the most significant 
being the relatively small sample size of 45 participants with 
most patients classified as TRS 2, as many patients did not 
meet the inclusion criteria. However, it is important to high-
light that the overall incidence of CRC in Jordan is relatively 
low compared with countries with higher incidence rates [24]. 
In addition, the evaluation of multiple Ki-67 cutoff thresholds 
was exploratory and should be interpreted cautiously until 
validated in larger, independent cohorts. The relatively short 
follow-up period (6 months) limited our ability to evaluate 
long-term oncologic outcomes, including local recurrence, 
DFS, and OS. Future studies with longer follow-up are war-
ranted to determine whether Ki-67 and p53 expression are 
associated with long-term oncologic outcomes in addition to 
pathological tumor response. An additional limitation of this 
study is the exclusion of patients with a complete pathological 
response (TRS 0) from the paired biomarker analysis because 
no residual tumor was available for post-treatment immuno-
histochemical assessment. Furthermore, the pre-treatment data 
required to analyze baseline biomarker expressions in these 
patients were not available retrospectively. Future prospective 
studies that include all TRS categories are needed to validate 
these findings and further evaluate the clinical utility and opti-
mal cutoff values for Ki-67 and p53.

Intratumoral heterogeneity may influence Ki-67 assess-
ment, as pre-treatment biopsies may not fully represent the 
proliferative activity of the entire tumor. Post-treatment as-
sessment may also be affected by treatment-related changes 
and the limited amount of residual viable tumor [25]. Moreo-
ver, potential selection bias related to the retrospective single-
center design should also be considered. Moreover, molecular 
analyses, including TP53 sequencing and MSI/mismatch re-
pair (MMR) assessment, were not performed and may have 
provided additional biological and prognostic information.

Despite these limitations, Ki-67 remains a practical pro-
liferation marker in pathology. It is relatively cost-effective, 
widely accessible, and can be assessed using standard IHC 
techniques. Unlike molecular assays, Ki-67 assessment does 
not require advanced molecular laboratory facilities, making it 
potentially useful in resource-limited settings [26].

Although p53 IHC is widely used in diagnostic pathology 
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as a surrogate marker for TP53 alterations, it is not a direct 
substitute for molecular TP53 sequencing, as discordance be-
tween IHC staining patterns and mutation status may occur. 
Therefore, p53 IHC should be interpreted cautiously as a sur-
rogate marker of TP53 status [27].

Our findings warrant larger prospective studies to validate 
these associations and further explore the integration of Ki-67 
into routine pathological assessment. While p53 remains bio-
logically relevant, no significant association with pathological 
tumor response was observed in our cohort. Future research 
should also investigate molecular subtypes and emerging bio-
markers to refine personalized treatment strategies for rectal 
adenocarcinoma.

Conclusions

Overall, our findings suggest that changes in Ki-67 expres-
sion following nCRT are associated with pathological tumor 
response, whereas pre-treatment Ki-67 and p53 expression 
were not. This supports the role of changes in Ki-67 expression 
as a marker associated with treatment response, which may 
also provide complementary information on the biological re-
sponse of the residual tumor following nCRT, beyond the mor-
phological changes assessed by the TRS. However, as patients 
with complete pathological response (TRS 0) were excluded 
because no viable tumor was available for post-treatment as-
sessment, these findings are limited to patients with residual 
viable tumor and should not be generalized to the full spectrum 
of pathological response.

Although pre-treatment Ki-67 expression was not associ-
ated with pathological response in our cohort, its assessment 
remains of interest given the conflicting findings reported in the 
literature. Larger prospective studies incorporating pre-treat-
ment biomarker assessment and long-term clinical outcomes are 
needed to further define the clinical utility of baseline Ki-67 ex-
pression and to validate the associations observed in our study.
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