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Abstract Objectives: Background and Aim: Examining the relationship among p21WAF1, Progression-Free Survival
(PFS), TNM staging and tamoxifen treatment in hormone-sensitive breast cancer patients may yield insights into additional
robust biomarkers for timely identification and prognosis of breast carcinoma. Patients and Methods: A prospective
observational study was conducted including 78 female patients with breast cancer who were monitored for five years. The
mean age among participants was 41.54 years and their mean weight was 75.62 kg prior to therapy. Patients receiving
tamoxifen therapy were categorized into four groups based on TNM staging: T2NOMO (30 patients), T2N1MO (28 patients),
T3NOMO (14 patients) and the last group T4ANIMO (6 patients). Results: All patients are hormone receptor-positive and
exhibited varying degrees of p21Wafl expression, with nuclear p21 expression percentages ranging from 25% to less than
85%. The statistical analysis revealed a substantial reduction in p21Wafl expression associated with increased tumor growth
and lymphatic metastasis (TNM), with p<0.005. The influence of TNM staging in conjunction with p21Waf1l expression on
Progression-Free Survival (PFS) duration indicates that patients classified as T3NOMO have the shortest PFS, whereas an
increased PFS is noted in T2N1MO, with further enhancement in T4AN1MO and T2NOMO stages. Patient age and weight prior
to treatment significantly impact Progression-Free Survival (PFS) in stages T2NOMO and T2N1MO more than in stages
T3NOMO and T4AN1MO. Conclusion: The findings indicate that p21Waf1 is a crucial regulator of tumor response to tamoxifen
and enhancing p21Wafl levels may be effective in addressing acquired resistance.
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INTRODUCTION

Tamoxifen in this study is given as adjuvant therapy to
prevent tumor recurrence and to increase sensitivity to anti-
estrogenic drugs. The follow-up includes monitoring clinical
signs, especially in terms of tumor recurrence or cessation.
The patients are assessed periodically to distinguish local
or distant regrowth of Breast Cancer (BC) on the same side or
in the other side of BC, as well as tumor response to endocrine
treatment outcomes obtained using imaging techniques, such
as nuclear medicine and variations in magnetic resonance
imaging according to the oncology doctor's advice.
Breast cancer is the most common tumor among women [@ ,@].
Hormone receptors are nuclear transcription factors that
govern cellular growth, regulation and differentiation
processes. Tamoxifen is a selective estrogen receptor

modulator used in both premenopausal and postmenopausal
situations. Upon interacting with the receptor, it alters co-
receptor binding and thus modulates gene expression. It
opposes the effects of estrogen in breast tissue.
Consequently, tamoxifen offers protection against
recurrences and prolonged tamoxifen treatment promotes
survival in patients with ER-positive breast cancer [E,@]. The
p21Wafl is a Cyclin-Dependent Kinase (CDK) inhibitor that
binds to and suppresses the activity of cyclin-CDK2 and
CDK1 complexes. It inhibits cells from entering the S phase
and developmentally postpones cells that are transiently
exiting the cell cycle. Numerous studies in the literature
indicate that cancer patients with positive p21Wafl
expression have significantly higher life durations than those

with negative p21Waf1 expression. The molecule p21Wafl,
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controlled by the hormone receptor pathway, is a CDK-
interacting protein essential for cell cycle regulation and
proliferation, making it a significant anti-cancer target in
hormone-positive breast tumors. It is pivotal in apoptosis,
as demonstrated by the research referenced in the review [5-
7]. The predominant preoperative staging approach for
breast cancer patients isthe TNM system, which was
established by the American Joint Committee on Cancer
and the Union for International Cancer Control. The Tumor
Node Metastases (TNM) system is now the most prevalent,
dependable and standardized method for classifying tumors
and metastases in breast cancer patients [§,9]. Hormone
receptors are nuclear transcription factors that regulate
cellular growth, regulation and differentiation mechanisms.
One such molecule influenced by the hormone receptor
pathway is p21Wafl, a CDK-interacting protein with
critical functions in cell cycle control and, by extension,
cell production, which gains importance as an anti-cancer
target in hormone-positive breast tumors. It plays a strategic
role in apoptosis, as evidenced in the studies mentioned in
the review. Cancer Antigen 15-3 serves as an effective
tumor marker for assessing therapeutic efficacy and
recurrence in breast cancer. A tumor may lead to metastatic
dissemination and typically, a metastatic tumor is
associated with worse patient prognosis and reduced
survival rates. This study evaluated the expression of
p21Wafl and its correlation with progression-free survival
and metastatic BC patients' CA 15-3 values. Findings may
enhance treatment responses in breast cancer [[10-12].

MATERIELS AND METHODS

Study Design

Seventy-eight breast cancer patients were observed at Al-
Emamain Al-Kadimain Medical City/Al-Jawad Oncology
Centre or referred to this center from other private oncology
hospitals and clinics in Baghdad for more than five years from
February 1, 2019, to June 1, 2024. The primary objective of our
study was to examine the impact of p21 Waf1 protein expression
on progression-free survival only in the breast cancer patient
group receiving hormonal therapy with tamoxifen.
Consequently, p21Wafl is a prospective predictive target that
warrants investigation exclusively in future prospective studies
including tamoxifen-treated patients [13-16]. Additionally, we
examined the influence of additional factors, including TNM
staging, Cancer Antigen (CA 15-3), age and body
weight prior to therapy, height and clinical outcomes, in breast
cancer patients accurately staged according to the categorization
that tackles the illness in this manner [17-20]. All clinical data,
including ER, PR, duration of effective endocrine therapy,
CA15-3 and PFS, were recorded and collected for analysis from
Al-Jawad Oncology Center clinics and laboratory.

Criteria for Patient Eligibility

This research includes 78 participants diagnosed with breast
cancer. All patients were female. The inclusion criteria
stipulated that (a) participants were over 18 years of age and
had a histological diagnosis of BC; (b) patients underwent

surgical procedures for the excision of breast cancer tissue;
(c) effective endocrine therapy, such as tamoxifen, was
administered for a minimum of two years for
those included in the study, while other patients were at
varying stages of treatment, all remaining in PFS at the
conclusion of the study; (d) subsequent hormonal adjuvant
therapy was open to pre- and postmenopausal women in
whom hormone receptor assays had been carried out on
primary tumors; (e) all patients were currently being treated
by the same medical oncologist; (f) no other concurrent
malignant disease apart from non-melanocytic skin cancer or
adequately treated carcinoma in situ of the cervix was
allowed if free of disease for more than five years; and (g)
comprehensive clinical data for all patients were accessible
to oncologists for determining treatment indications,
encompassing Estrogen Receptor (ER) and Progesterone
Receptor (PR) status, human epidermal growth factor
receptor 2 (HER2) status and CA15-3 levels prior to surgery,
as well as mean levels during the PFS period, with clinical
and investigative follow-ups occurring every three to six
months at  the oncologist's discretion  (21,22,23].  The
multipectoral tumor database was utilized to gather the
following specific information: menopausal group, TNM
stage, nodal status, tumor size, age at initial breast cancer
diagnosis, height and patient weight prior to
treatment, weight subsequent to treatment. The average
assessment of CA15-3 levels was documented following
treatment intolerance or tumor advancement [24,25].

Exclusion Criteria were as follows:

e  Pregnant or lactating women were disqualified

e Systemic cytotoxic chemotherapy or any other
treatment not associated with breast cancer, including
radiation and bisphosphonates, administered within 4
weeks prior to study enrollment

o Patients presenting with central nervous system
metastases

e  Previous history of hepatic metastases

e A previous history of significant medical or psychiatric
issues that may impede the patient from fulfilling the
research requirements

o Chronic significant immunodeficiency arising from
disease, concomitant illness, or pharmacological agents
that impair the immune system

e Notable surgical procedures conducted during the 28
days prior to trial involvement

e Uncontrollable active infection [26-29]

Data Collection Methods

This mixed-methods study is designed to provide
comprehensive information about our breast cancer patient
cohort during follow-up under Tamoxifen therapy. The
Coordinating Center is responsible for the quality assurance of
the clinical data as well as acquisition, electronic documentation
and daily monitoring of all clinical data [30-32]. Al-Jawad
Oncology Center records clinical data, laboratory results and
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patient-reported outcomes. For diagnostic instruments,
treatment delivery, as well as treatment effects, diagnostic and
unawareness bias will also be systematically documented [33].
The measurements of p21Wafl expression were assessed and
inputted into a statistical model [34].

Quantitative Data Assessment and Survival Statistical
Analysis

A thorough review of all employed methods that leverage
bidirectional processes. Linear regression models were
constructed within the competing-risk framework to assess the
influence of p21Waf1 expression, employing the appropriate
threshold, namely the median of the total cohort or the 25th
percentile in progression-free survival, in conjunction with
fluctuations in CA 15-3 levels. The significance of the time-
dependent covariate was evaluated by contrasting the model
that incorporates the variable with a model that omits it
[35,36]. The clinical data of seventy-eight eligible
patients are continuously analyzed to identify statistical
trends. The statistical technique utilized to estimate the
influence of p21Wafl expression on PFS in breast cancer is
the Kaplan-Meier survival analysis, augmented by the log-
rank test for comparing survival curves among different
groups, such as patients with high p21Waf1 expression versus
those with low or absent p21Wafl expression. Cox
proportional hazards regression models were utilized to assess
the impact of p21Wafl expression on progression-free
survival, both alone and in conjunction with TNM staging or
other variables. Continuous variable data are presented as
means accompanied by interquartile ranges. Hazard ratios and
odds ratios are derived from univariable and multivariate
analysis. Cox and logistic regression analyses utilized
Omnibus Tests of Model Coefficients toassess the time-
dependent impacts of variables related to progression-free
survival and hormone therapy response rate, as established by
Kaplan-Meier survival analysis, Cox Regression, Log Rank
(Mantel-Cox), Breslow (Generalised Wilcoxon) and Tarone-
Ware tests. The threshold for PFS was determined by Receiver
Operating Characteristic (ROC) curve analysis for analytical
objectives [37-40]. Survival Analysis Data was retrieved,
quality qualification was assessed and any outliers were found
through the use of box plots and histograms for p21Wafl
expression across all patients. Potential biases and
confounding variables, including the classification of therapy
as palliative or adjuvant, were mitigated by assessing these
aspects solely in the preoperative context; all patients were
administered tamoxifen as the first treatment. A study of the
residuals based on the Cox model invalidated the normalcy of
progression-free survival, leading us to use the fifth percentile
as the cutoff for PFS, establishing 22 months as the threshold
for PFS. Consequently, increases in p21 Waf1 CDK-interacting
protein 1 suggest a reduction in mortality risk [41-43]. Based
on the patients' TNM staging, we categorized those receiving
tamoxifen therapies into four groups: the first group T2NOMO,
the second group T2N1MO, the third group T3NOMO and the
fourth group T4AN1MO [44.,45].

Immunohistochemical Analysis and Scoring Methods
Immunohistochemistry was performed on all 78 breast
cancer patients to detect p21Waf1, with a kit from Ventana
Medical Systems, Inc., situated at 1910 E. Innovation Park
Drive, Tucson, Arizona 85755, USA, in accordance with the
manufacturer's standardized protocol. Paraffin-embedded
tumor blocks from the patients were sliced to a thickness of
4 pm. Serial dilutions of the p21Wafl primary monoclonal
antibody were conducted at ratios of 1:25, 1:50 and 1:100.
The staining intensity remained uniform across the dilutions,
resulting in the selection of the 1:100 dilution for the
tests, using slide tissue-fixed samples administered with a
mouse monoclonal antibody targeting human p21Wafl. The
expression of p21Wafl was  visualized using
diaminobenzidine tetrahydrochloride (DAB; Sigma, St.
Louis, MO) for five minutes. The slides were dehydrated,
counterstained with Mayer's haematoxylin and mounted
using DePex (BDH, Poole, Dorset, UK). Matching
the analyzed slides, each staining series included positive
(p21Wafl positive colorectal carcinoma) and negative
(breast cancer without primary antibody) control slides.
Only p21Wafl nuclear staining demonstrated a positive
connection when present. The percentage score of p2l
expression used for immunostaining was obtained from the
tumor's  greatest  cellular  region,  distinguished
by minimal inflammatory cell infiltration or necrosis and the
highest nuclear density. The invasive component cells were
included in the statistical analysis, with the count of
positively stained nuclei documented at x400 magnification.
The proportion of p21 expression in the tumor nuclei was
ascertained by counting 1,000 cells per slide. The
measurement of the overall percentage excluded
cytoplasmic expression. Normal breast tissue seldom
exhibited p21 expression, predominantly seen in
myoepithelial cells and scattered acinar cells [46,47]. The
capability of Immunohistochemistry (IHC) thatcan be
conducted on Formalin-Fixed Paraffin-Embedded (FFPE)
tumors is a significant benefit. Various grading systems for
p21Wafl expression have been suggested, including the
histology scoring system and semi-quantitative techniques.
Each has benefits and limits that render them advantageous
in specific circumstances. Typically, the grading considers
both the percentage of positively stained tumor cells and the
intensity of staining. p21Wafl is measured as the percentage
of tumor cells with nuclear staining:

0=1t025%;1=261t050%;2=51to75%;3 =76t 100%

RESULTS

This study sought to determine the relationship between
p21Wafl (cyclin-dependent kinase inhibitor) expression and
Progression-Free Survival, considering the influence of TNM
(tumor, node, metastasis) staging of breast cancer, as derived
from patient records and surgical pathology results obtained
from the professionals' database, along with the impact of other
variables such as mean Cancer Antigen (CA 15-1) levels during
the PFS period, as well as the age and weight of patients.
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Table 1: Shows the Primary Variable Frequencies Included in the Research

Height of | Weight Weight after | Ca.15.3 CA.15.3 after
Parameters Age of Patients Patients before Rx Rx Before Rx Rx PES Period | p21Wafl
Number Patients 78 78 78 78 78 78 78 78
Mean 41.54 160.54 75.62 81.77 45.69 10.46 43.95 68.8%
Median 46.00 162.00 77.00 83.00 37.00 10.00 47.00 68%
Std. Deviation 9.314 6.225 9.512 9.783 21.97 6.224 13.26 13.4%
Minimum 25 145 55 62 4 1 24.00 45%
Maximum 57 168 90 99 90 23 69.00 89%

Table 2:Indicates the Distribution of Carcinoma of the Breast Patients by Tumor TNM Staging and their Corresponding Percentages

TNM staging Frequency Percent Valid Percent Cumulative Percent
T2NOMO 30 38.5 38.5 38.5
T2N1MO 28 359 35.9 744
T3NOMO 14 17.9 17.9 92.3
T4ANIMO 6 7.7 1.7 100
Total 78 100 100 -
Table 3:Evaluation of the equivalence of survival disseminations at different levels of p21 expression in relation to TNM staging
Parameters Mean T2NOMO T2N1MO T3NOMO T4N1MO
p21 expression 68.769 68.769 68.769 68.769 68.769
T2NOMO 0.385 1.000 0.000 0.000 0.000
T2N1MO 0.359 0.000 1.000 0.000 0.000
T3NOMO 0.179 0.000 0.000 1.000 0.000
Age of Patients 41.538 41.538 41.538 41.538 41.538
In accordance with the data presented in Table 1, each of the Following five years of monitoring patients

seventy-eight patients was a female and their average age
was 41.54 years, while the median age was 46.00 years. All
of the patients had a mean weight of 75.62 kg prior to
beginning treatment.

The means for all patients are as follows: the
Progression-Free Survival (PFS) time was 43.95 months,
p21Wafl expression was 68.8% and the Cancer Antigen CA
15-1 level post-treatment was 10.46 Unit/ml, along with
further means presented in Table 1.

TNM staging is the primary criterion for assessing
tumor malignancy in patients, determined by the tumor's
size, location and metastasis. Based on the patients' TNM
staging, we categorized that receiving tamoxifen therapy
into four groups: the first group T2NOMO (30 patients,
38.5%), the second group T2N1MO (28 patients, 35.9%),
the third group T3NOMO (14 patients, 17.9%) and the
final group TANIMO (6 patients, 7.7%) as presented in
Table 2.

Immunohistochemical analysis of paraffin-embedded
breast cancer tissue revealed a mean p21Wafl protein
expression of 68.7% among tumor cells, with variability
based on TNM staging, as presented in Table 3. All 78 breast
cancer patients had varying degrees of positive p21Wafl
expression in their tissue samples, with nuclear p21Wafl
expression percentages ranging from 25% to less than 85%.
The statistical analysis indicated no significant difference in
p21Waf1 expression concerning age (p>0.05). In contrast, a
noteworthy distinction was seen in the expression of
p21Wafl in relation to the size of the tumor and the
presence of Lymphatic Metastasis (TNM), with a p-value of
less than 0.005. This indicates that there is a drop in
p21Waf1 expression that is related to higher TNM stages, as
shown in Table 3.

undergoing tamoxifen treatment, routine follow-up visits
occur every three months during the initial three years
post-treatment and then every six months in the succeeding
years. The frequency of visits was adjusted according to
the risk of relapse and patient requirements [22,31]; all
patients remained free of metastases at the conclusion of
the follow up period.

Examination of Survival Data for patients regarding
p21Wafl expression and other variables demonstrates a
substantial relationship between their expression and PFS
periods with a p value less than 0.0005, as seen in Log Rank
(Mantel-Cox), Breslow (Generalized Wilcoxon) and
Tarone-Ware, indicating that a larger PFS period
corresponds with a higher percentage of p21Wafl
expression in breast cancer tissue. Upon examining the
impact of TNM staging alongside p21Wafl expression and
Progression-Free Survival (PFS) duration through Cox
regression analysis, it is evident that patients in stage
T3NOMO exhibit the shortest PFS, with an increase observed
in stage T2N1MO and a further increase in stages TAN1MO
and T2NOMO (Figure 1). However, when additional
variables, such as patient age, are incorporated into the
analysis, a notable enhancement in PFS is observed in stage
T2NOMO compared to stage T4AN1MO, while stages T3NOMO
and T2N1MO continue to demonstrate lower PFS (Figure 2).
The weight of patients prior to therapy significantly
influences Progression-Free Survival (PFS) in stages
T2NOMO and T2N1MO more than in stages T3NOMO and
T4N1MO (Figure 3).

There is no substantial correlation between Progression-
Free Survival (PFS) or TNM staging and the CA 15-1 protein
during the treatment period, including the patients' height.
However, a significant relationship exists between CA 15-1
levels prior to treatment and surgical intervention concerning
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Figure 1: Illustrate the influence of p21Wafl expression and TNM staging on the patients progression-free period durations in
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therapy on the progression-free survival duration in months

94



Al-Obaidy et al.: Association of p21wafl CDK-interacting protein 1 expression on progression free survival and TNM staging in breast cancer Patients using....

Jeoms

TNM staging, as evidenced by Log Rank (Mantel-Cox),
Breslow (Generalized Wilcoxon) and Tarone-Ware tests, all
yielding a P value below 0.0005. Furthermore, CA 15-1
levels increase in accordance with the advancement of the
patient's metastasis stage [34,49].

DISCUSSION

The relationship between p21 Wafl CDK-interacting protein
(p21) expression and the clinical response to hormone
treatments such as Tamoxifen is complex. It has been
demonstrated through research that its expression is a predictor
of enhanced PFS as well as overall survival, while others have
found it to be independent of patient outcome [48,50]. These
conflicting findings can be attributed to the exact role p21
Waf1 has, being dependent on the cell cycle phase it encounters.
It is known to arrest post-mitotic cells in the G1 phase of the cell
cycle and can lead to increases in apoptosis in laboratories. It is
essential to conduct an analysis of the expression of p2l
Wafl because there is a growing controversy concerning the
molecular action of Tamoxifen and the patients who are able to
reap the benefits of this treatment [51-54].

The findings of the current research suggest that the
expression of p21Wafl is strongly associated with the
advancement of BC as well as the spread of the disease to
other parts of the body. It also suggests that p21 can serve as
a clinical indicator for breast cancer, particularly in
combination with other markers. Survival Analysis Data
concerning p21Wafl expression and additional variables
reveal a strong association between their expression and PFS
durations, with a P value below 0.0005, as evidenced by Log
Rank (Mantel-Cox), Breslow (Generalized Wilcoxon) and
Tarone-Ware tests, suggesting that an extended PFS duration
is associated with an increased percentage of p21Wafl
expression in breast cancer tissue. Analysis of the influence
of TNM staging in conjunction with p21Wafl expression and
Progression-Free Survival (PFS) duration via Cox regression
reveals that patients classified as T3NOMO experience the
shortest PES, with an improvement noted in T2N1MO and a
further enhancement in T4AN1MO and T2NOMO stages (refer to
Figure 1). Nevertheless, when supplementary factors, such
as patient age, are included into the study, a substantial
enhancement in PFS is shown in stage T2NOMO relative to
stage TANIMO, although stages T3NOMO and T2N1MO
persist in exhibiting worse PFS (refer to Figure 2). Patient
weight prior to treatment markedly affects Progression-Free
Survival (PES) in stages T2NOMO and T2N1MO more than
in stages T3ANOMO and T4ANIMO. Although we anticipate
that TANIMO represents the shortest Progression-Free
Survival (PFS) duration, this can be attributed to the limited
patient population at this stage. Additionally, patient age, as
illustrated in Figure 2 and patient weight, as depicted in
Figure 3, also influenced the PFS duration.

The statistical test indicates an important association
between p21Wafl and clinical stage, as well as TNM
expression ranks, suggesting p21Wafl's involvement in
tumor growth. With the TNM score and clinical stage
increased, the expression level of p21Wafl decreases,
suggesting that p21Wafl is closely related to invasion
promotion for breast cancer. A number of additional studies,

including those conducted by other researchers
[45,50,55,56], support this finding. Multinomial logistic
regression results also indicate that the combined factors of
clinical stage, p21Wafl and TNM are statistically significant
in forecasting the prognosis of breast cancer. Therefore, the
combined application of p21 and TNM
for predicting prognosis in BC may provide a novel basis for
clinical diagnosis and treatment. All patients, after more than
four years of follow-up, still have a good response to
tamoxifen adjuvant therapy, indicatingthe role of p2l
as a biomarker for a good response. In a series of studies on
human breast cancer cell lines, adenoviral-expressed p21 was
found to sensitize cells to tamoxifen in a dose-dependent
manner. Conversely, cultures with lower p21 expression were
resistant to this effect. Further examination indicated that p21-
enhanced tamoxifen coupling to ER occurred through a
cellular event involving p2l-induced G1 phase arrest and
resultant re-localization of a pool of intracellular ER to the
nucleus, permitting enhanced antiestrogen action. Together,
these results suggest that p21 status is a significant modulator
of tumor response to tamoxifen and that strategies to augment
p21 levels may be fruitful in overcoming acquired resistance.
Tamoxifen is an estrogen analogue that binds to the Estrogen
Receptor (ER) and inhibits estrogen-induced breast cancer
growth. However, approximately one-third of tamoxifen-
treated patients develop a recurrence of disease. While the
mechanisms underlying acquired resistance remain poorly
understood, low levels of the CDK inhibitor p21 WAF1/CIP1
have been implicated in antiestrogen resistance [57,58].
Understanding the link between p21, TNM staging and
tamoxifen therapy in hormonally sensitive breast cancer
patients may lead to more comprehensive biomarkers for
early breast cancer diagnosis. The inactivation of p53 and
increase of pl6Ink4a and p21Cipl/Wafl promote BC in
many steps. TNM serves as a valuable prognostic biomarker
for cancer, facilitating treatment planning. Researchers have
convened to investigate the expression of p2l in breast
cancer. The progression of breast cancer can be anticipated
through the TNM score and clinical stage. Breast cancer can
initiate, advance and evolve with increasing tumor size,
lymph node metastasis and distant metastasis. The CA 15-
13 protein, along with patient height, does not influence
Progression-Free Survival (PFS) or TNM staging. This is
due to all patients being in the PFS period and exhibiting no
statistically significant alterations in CA 15-3 levels [59-64].

CONCLUSION

The analysis of the impact of TNM staging alongside
p21Wafl expression on Progression-Free Survival (PFS)
duration through Cox regression indicates that patients
categorized as T3ANOMO exhibit the shortest PFS, with an
enhancement observed in T2NIMO and a further
improvement in TANIMO and T2NOMO stages.

This study indicated that p21Wafl and its
immunohistochemistry — expression predict tamoxifen
therapy and govern breast cancer treatment resistance;
therefore new diagnostic, prognostic and therapeutic targets
for customized breast cancer treatment should be studied. It
stresses the importance of understanding pathway crosstalk
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and investigating if this protein could affect biomarkers in
this therapy. More breast cancer patients should be used to
confirm the statistical result and p21Wafl marker's
functional roles should be studied. Cancer biomarker
reviews are intriguing because they improve treatment. This
study predicts patient outcomes.
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