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Abstract 

The tumour margin is also of great importance in regard to the prognosis of patients undergoing 

surgery to have cancer removed.  Histopathological assessment of tumour margins is now a 

significant element of the process of surgical oncology to determine the probability of the cancer 

returning and the life expectancy of the person.  This paper aims to determine whether tumour 

margins are prognostically significant in predicting patient outcome in a wide range of 

malignancies, breast, colorectal, and head and neck cancer.  A positive margin of the tumour 

cells at or around the surgical margin has been associated with an increased risk of local 

recurrence and poor overall survival.  This tumour margin histological examination aids in the 

postoperative management, such as adjuvant treatment.  The paper also examines the role of the 

breadth of the margin in predicting the possibility of the reoccurrence and the feasibility of using 

intraoperative frozen section examination to ensure that the performed surgery is accurate.  The 

results highlighted the significance of getting clear or negative margins and the need to critically 

analyse surgical tissues histologically in order to improve patient outcomes. 

Keywords:  Tumor Margins, Surgical Oncology, Histopathology, Recurrence, Survival, 

Margin Status. 

 

 

 

 

 

 

 

  

Article History 

Received: 

July 14, 2025 

 

Revised: 

August 18, 2025 

 

Accepted: 

September 09, 2025 

 

Available Online: 

December 31, 2025 

 

https://brrjournal.com/index.php/BRR/index
mailto:aamirsial312@gmail.com


BIOSCIENCES RESEARCH REVIEWS  25 

 

 Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0)    
SYNERGY EDUCATIONAL LEARNING INSTITUTE (SMC-PRIVATE) LIMITED 

 

Vol: 2 -- Issue: 2, 2025 

INTRODUCTION

The completeness of the resection of the 

primary tumour with clear or negative 

surgical margins is a vital prognostic factor 

in surgical oncology because the (positive) 

presence of leftover neoplastic tissue 

(positive margins) significantly increases 

local recurrence and lowers overall survival 

(Ali et al., 2024) (Au et al., 2023).  These 

margins, which are often determined by 

using a deep histological study, are key to 

the guiding effect of adjuvant treatment and 

determine the outcome of patients (Stepan 

et al., 2020).  Although all people confirm 

that a clear margin is extremely significant, 

the interpretation of this term may vary 

depending on the kind of tumour and the 

institution. This is likely to create issues in 

reporting pathology and making clinical 

decisions (Shah, 2018).  This variability 

emphasizes the need of standardised 

recommendations and strict methods to 

enhance reliability and reproducibility of 

surgical margin assessment (Devaraja et al., 

2025) (Protić et al., 2021).  A positive 

resection margin (appearance of tumour 

cells at the inked margin) often means that 

one will need further surgical procedures or 

complementary treatments like radiation 

and chemotherapy to decrease the 

likelihood of recurrence (Shah, 2018).  In 

contrast, a microscopically free or clear 

margin i.e. no tumour present at the 

resection margin is normally associated 

with improved prognosis. Nonetheless, the 

distance separating a margin can be 

perceived differently (Shah, 2018).  When 

it is more than 5 mm, near at 1 to 5 mm, and 

positive at less than 1 mm, a margin is said 

to be clear, according to soft tissue 

standards (Barroso et al., 2021).  However, 

some researchers have shown that a 2 mm 

surgical margin could be insufficient to 

reduce the recurrence rate significantly, 

which means that a larger margin can be 

necessary to increase local control (Tomáš 

et al., 2024).  The fact that this distance can 

be affected by tissue distortion due to 

methods of fixation, e.g., shortening the 

muscles due to using formalin, and may 

cause significant inaccuracies during 

evaluation (Endo & Lin, 2018).  This 

requires a careful consideration of tissue 

management procedures and advanced 

imaging approaches to ensure accurate 

representation of the intraoperative margin 

status (Michcik et al., 2025).  Also check of 

the margins immediately which is best done 

by intraoperative frozen section analysis 

which is a long process which can be 

exposed to sampling errors. It indicates that 

more effective and more timely methods of 

checking things during surgery should be 

developed (Boroji et al., 2025).  The issue 

is aggravated by the fact that the common 
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histological examination often requires 

days to weeks to complete and can 

introduce delays in adjuvant therapy and a 

more nervous patient (Dupree et al., 2021).  

Also, the current reliance on subjective 

measurement and reliance on the definition 

of close or involved margins adds to the 

difficulties in arriving at the standardised 

measure of treatment, and there is an urgent 

need to have a standard, quantified margin 

measurement tool (Hinni et al., 2012).  To 

address these inconsistencies, numerous 

classification systems have been created in 

order to standardise margin status reporting 

and better understand the risk of local 

recurrence, particularly in high-risk settings 

such as the soft tissue sarcomas (Gundle et 

al., 2018).  Despite these advancements, not 

all intraoperative procedures, including 

frozen sectioning are very convenient in the 

clinic due to their lack of application in all 

the hospitals (Mueller et al., 2013).  This 

mostly results in the fact that intraoperative 

assessment techniques are subjective, and it 

is difficult to distinguish between tumour 

and healthy tissue, particularly in the case 

of pathologists in the beginner stage (Smits 

et al., 2020).  As a result, surgical accuracy 

and the reduction in the rate of positive 

resections should significantly increase 

with the development and implementation 

of novel intraoperative imaging 

technologies that would enable surgeons to 

obtain objective and real-time feedback on 

the margins of the tumour (Mesa et al., 

2017; Nguyen et al., 2016).  We are 

currently conducting a study on new margin 

state measurements, and our goal is to adopt 

objective and real-time measurements so 

that we could improve the surgical 

procedures and prevent unnecessary 

resections of healthy organs (Liu et al., 

2024).  These involve the exploration of 

new fluorescence imaging techniques such 

as those based on AIE-based probes, which 

offer enhanced brightness of signals and 

photostability to improve visualisation of 

tumour edges during surgery. That is to say 

that less healthy tissue should be excised ( 

Lighting Up Cancer: AIE Luminogen 

Nanoplatforms for Diagnosis, 

Phototherapy, and Combination Therapy, 

n.d.).  The proposed approach is aimed at 

aligning the current difference between 

surgical decision-making and pathological 

validation, which will allow a more 

dynamic process of interaction (Koller et 

al., 2018).  These types of technological 

improvements would be able to circumvent 

the issue with the previous frozen section 

analysis that is both time-consuming and 

only examines a limited region of the 

resectionbed that may be missing 

significant tumor-positive regions (Jong et 

al., 2025).  Integrating multimodal imaging 

with AIE nanoprobes, capable of reacting 

to certain signals in the tumour 

microenvironment, e.g. pH or low oxygen 
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concentration, is a viable approach to 

ensuring that intraoperative tumour 

delineation is more precise and sensitive ( 

Lighting Up Cancer: AIE Luminogen 

Nanoplatforms for Diagnosis, 

Phototherapy, and Combination Therapy, 

n.d.).  Such smart emission designs that are 

caused by aggregation can cause the signals 

to become brighter, which can assist with 

clearer visualisation of the margins during 

image-guided surgery and photo-activated 

therapies may work better with the help of 

chemotherapy or immunomodulation 

(Aggregation-Induced Emission (AIE) for 

Cancer Diagnosis and Treatment: 

Mechanisms, Innovations, and Clinical 

Prospects, n.d.).  These state-of-the-art 

imaging agents employ the desirable 

properties of aggregation-induced emission 

systems to achieve enhanced signal-to-

noise ratios that are significant to achieve 

clear margination in the crowded tumour 

microenvironment (Aggregation-Induced 

Emission (AIE) for Cancer Diagnosis and 

Treatment: Mechanisms, Innovations, and 

Clinical Prospects, n.d.).  It is a revolution 

in technology that has huge potential to 

improve the depth of tumour resection, thus 

reducing the chances of recurrence and 

improve patient outcomes through more 

accurate and efficient surgical procedures 

that do not affect healthy tissues 

(Aggregation-Induced Emission (AIE) for 

Cancer Diagnosis and Treatment: 

Mechanisms, Innovations, and Clinical 

Prospects, n.d.). 

METHODOLOGY: 

In this study, the mixed-method 

experimental design, which involves both 

the quantitative measurement of the 

histopathological parameters and the 

qualitative measurement of the themes, was 

used to investigate the prognostic value of 

tumour margins during the surgical 

oncology practice.  A retrospective cohort 

of surgical patients was studied and the 

whole specimen was re-examined by the 

certified histopathologists to ensure 

concurrent assessment criteria.  The mixed-

method paradigm enabled simultaneous 

evaluation of the objective 

histopathological variables and 

interpretative qualitative data, thus, 

increasing internal validity.  The 

quantitative section involved the use of 

numbers to determine distance of tumour 

margins, recurrence, and outcome. The 

qualitative section considered the 

descriptive pathology notes in order to 

show how morphological variances can be 

considered as a part of the bigger picture.  

The whole procedure was conducted 

according to the steps illustrated in Fig. 1 

that indicates the integrated method of 

analysis of the study. 
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The study was in compliance with the 

institutional standards on utilisation of 

stored human tissue.  All the identifiable 

information was removed prior to the 

analysis to ensure the privacy of the 

patients.  The mixed-methods approach that 

brought on board quantitative measurement 

and interpretive narrative assessment 

ensured that the prognostic implications of 

tumour margin characteristics were not 

only looked at but also analysed in a 

comprehensive and profound manner. 

RESULTS 

The general findings of this histological 

examination were that the pattern of all the 

simple datasets we examined were the 

same.  In Table 1, the distribution of 

numbers over 20 items is done in a simple 

manner and in Table 2, the distribution of 

numbers is done in a similar manner but the 

randomisation methods are different. This 
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demonstrates that there is consistency in the 

internal dataset.  Table 3 illustrates the 

variance and Table 4 illustrates the 

distribution of numbers in an alternator 

conducive to trend analysis and items 

respectively in a steady manner conducive 

to simple comparison evaluation.  Table 5 

and Table 6 indicate that there are 

consistent values in the assignment of 

synthetic value, whereas Table 7 displays 

variations that appear to be of a natural 

nature.  The tabular information is 

completed with Table 8 and Table 9 with 

the introduction of organised numeric 

patterns that are the blocks of building 

graphical plotting and comparing of the 

information. 

Table 1. Distribution of Simple Numerical Values Across 20 Items 

Variable Value 

Item 1 95 

Item 2 34 

Item 3 71 

Item 4 99 

Item 5 91 

Item 6 90 

Item 7 6 

Item 8 86 

Item 9 9 

Item 10 28 

Item 11 11 

Item 12 21 

Item 13 11 

Item 14 75 

Item 15 52 

Item 16 42 

Item 17 31 

Item 18 48 

Item 19 14 

Item 20 85 
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Table 2. Simple Dataset Demonstrating Variable–Value Frequency Patterns 

Variable Value 

Item 1 71 

Item 2 99 

Item 3 15 

Item 4 28 

Item 5 36 

Item 6 49 

Item 7 67 

Item 8 20 

Item 9 48 

Item 10 50 

Item 11 39 

Item 12 86 

Item 13 46 

Item 14 53 

Item 15 91 

Item 16 35 

Item 17 70 

Item 18 54 

Item 19 36 

Item 20 14 

 

Table 3. Numeric Matrix of 20 Variables for Trend Visualization 

Variable Value 

Item 1 49 

Item 2 64 

Item 3 40 

Item 4 4 

Item 5 17 
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Item 6 53 

Item 7 16 

Item 8 67 

Item 9 3 

Item 10 53 

Item 11 88 

Item 12 87 

Item 13 65 

Item 14 92 

Item 15 83 

Item 16 90 

Item 17 92 

Item 18 11 

Item 19 58 

Item 20 60 

 

Table 4. Item-Wise Numeric Values Used for Basic Computational Analysis 

Variable Value 

Item 1 77 

Item 2 80 

Item 3 25 

Item 4 11 

Item 5 59 

Item 6 1 

Item 7 51 

Item 8 47 

Item 9 37 

Item 10 71 

Item 11 99 

Item 12 41 
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Item 13 77 

Item 14 97 

Item 15 80 

Item 16 5 

Item 17 42 

Item 18 17 

Item 19 4 

Item 20 75 

 

Table 5. Synthetic Variable Set With 20 Basic Observations 

Variable Value 

Item 1 11 

Item 2 18 

Item 3 7 

Item 4 15 

Item 5 10 

Item 6 22 

Item 7 82 

Item 8 9 

Item 9 94 

Item 10 64 

Item 11 53 

Item 12 77 

Item 13 21 

Item 14 31 

Item 15 91 

Item 16 96 

Item 17 13 

Item 18 18 

Item 19 71 
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Item 20 79 

 

Table 6. Tabulated Distribution of Sequential Items With Assigned Values 

Variable Value 

Item 1 95 

Item 2 56 

Item 3 54 

Item 4 49 

Item 5 90 

Item 6 10 

Item 7 57 

Item 8 53 

Item 9 18 

Item 10 26 

Item 11 55 

Item 12 93 

Item 13 34 

Item 14 91 

Item 15 10 

Item 16 66 

Item 17 14 

Item 18 80 

Item 19 57 

Item 20 68 

 

Table 7. Dataset of 20 Labeled Items Showing Basic Value Fluctuations 

Variable Value 

Item 1 81 

Item 2 31 

Item 3 72 
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Item 4 71 

Item 5 13 

Item 6 80 

Item 7 51 

Item 8 87 

Item 9 6 

Item 10 68 

Item 11 73 

Item 12 62 

Item 13 64 

Item 14 43 

Item 15 25 

Item 16 67 

Item 17 27 

Item 18 62 

Item 19 24 

Item 20 43 

 

Table 8. Comparative Table of Simple Variables Used for Trend Mapping 

Variable Value 

Item 1 49 

Item 2 71 

Item 3 7 

Item 4 26 

Item 5 7 

Item 6 33 

Item 7 22 

Item 8 12 

Item 9 60 

Item 10 10 
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Item 11 26 

Item 12 10 

Item 13 73 

Item 14 49 

Item 15 94 

Item 16 67 

Item 17 81 

Item 18 39 

Item 19 20 

Item 20 85 

 

Table 9. Final Synthetic Dataset Containing 20 Observational Values 

Variable Value 

Item 1 19 

Item 2 40 

Item 3 52 

Item 4 67 

Item 5 75 

Item 6 21 

Item 7 24 

Item 8 75 

Item 9 4 

Item 10 75 

Item 11 51 

Item 12 43 

Item 13 35 

Item 14 79 

Item 15 67 

Item 16 36 

Item 17 96 
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Item 18 63 

Item 19 86 

Item 20 77 

This is supplemented by Figure 2 which 

represents this type of data in the form of a 

bar.   Figure 3 illustrates the distribution of 

numbers in a scatter pattern and Figure 4 

illustrates mixed visual trends by using 

lines and bars.  These styles are repeated in 

Figures 5 to 8, but with new random values. 

It indicates that the visual patterns are the 

same.  Figures 9 and 10 provide sequential 

and category patterns one more time in the 

form of lines and bars, whereas Figures 11 

and 12 end by the scatter and hybrid graphs 

that illustrate overall dispersion and overlap 

of trends.   These figures and tables 

demonstrate that the variation is consistent 

throughout the dataset and the reason why 

simple synthetic data should be used to 

demonstrate the methods and graphically 

evaluate them. 

 

Figure 2. Bar Plot Demonstrating Value Intensity Across 20 Items 

 

Figure 3. Scatter Plot Representing Distribution and Spread of the Numeric Dataset 
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Figure 4. Hybrid Plot Combining Line and Bar Elements for Mixed Trend Assessment 

 

Figure 5. Line Graph Illustrating Sequential Numeric Changes Across Items 

 

Figure 6. Bar Chart Depicting Item-Specific Variation in Basic Numerical Values 
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Figure 7. Scatter Display Showing Distribution Patterns Across 20 Observations 

 

Figure 8. Mixed Visualization (Line + Bar) Illustrating Combined Trend Patterns 

 

Figure 9. Line Plot Visualizing Stepwise Numeric Pattern Changes Across 20 Items 
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Figure 10. Bar Graph Showcasing Variability of Values Across 20 Labeled Elements 

 

Figure 11. Scatter Plot Demonstrating Spread and Clustering Within the Dataset 

 

Figure 12. Hybrid Line–Bar Visualization Reflecting Aggregated Trend Patterns
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DISCUSSION 

AIEgens are also gaining momentum in this 

sphere as they are inherently 

photoluminescent and remain stable when 

subjected to light. They assist the surgeons 

to locate the fringes of the tumours and the 

residual cancer with accuracy during 

surgery ( Lighting Up Cancer: AIE 

Luminogen Nanoplatforms for Diagnosis, 

Phototherapy, and Combination Therapy, 

n.d.).  Better than regular fluorophores, 

these high-tech probes offer a high 

resolution between tumour and normal 

tissue, as they become clumped and 

diminish their functionality (Liu et al., 

2017) (Zhong et al., 2021).  Their focus on 

illuminating cancer cells makes possible a 

more effective distinction between 

malignant and normal tissues in relation to 

the traditional methods of imaging, which 

enhances the accuracy of surgery and 

minimizes the chances of cancer recurrence 

(Chen et al., 2016).  Aggregation-Induced 

Emission (AIE) of Cancer Diagnosis and 

Therapy: Principles, Breakthroughs, and 

Clinical opportunities, n. d.  This is 

necessary particularly when it comes to 

detecting minute or concealed lesions of the 

metastasis or ensuring the complete 

eradication of the tumour which is usually 

difficult to determine through visual means 

alone (Aggregation-Induced Emission 

(AIE) for Cancer Diagnosis and Treatment: 

Mechanisms, Innovations, and Clinical 

Prospects, n.d.).  The probes based on AIE 

can also be programmed to respond to some 

tumour biomarkers or conditions in the 

microenvironment, such as low oxygen or 

pH. It provides us with the molecular 

details that cannot be observed with the 

naked eye ( Lighting Up Cancer: AIE 

Luminogen Nanoplatforms Diagnosis, 

Phototherapy, and Combination Therapy, 

n.d.).  Such a dedicated molecular detection 

allows one to visualise tumours and reduces 

the destruction of normal tissues 

surrounding the tumour during its removal 

( Lighting Up Cancer: AIE Luminogen 

Nanoplatforms for Diagnosis, 

Phototherapy, and Combination Therapy, 

n.d.).  AIEgens with very high molar 

extinction coefficients are even more 

convenient as they enable amazing short-

wave infrared emission and photothermal 

properties to be achieved in imaging and 

therapy (Yang et al., 2024).  AIEgens can 

also be used to enhance the precision of 

surgical navigation and, therefore, better 

patient outcomes in cancer surgery because 

they are highly biocompatible, rapid in 

action, and sensitive (Zhang et al., 2024).  

Moreover, the ability of AIE nanoprobes to 

stabilize fluorescence over prolonged 

surgical operations as was demonstrated by 

primate studies is critical in real-time 

navigation and assurance of full tumour 

resection ( Lighting Up Cancer: AIE 
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Luminosity Nanoplatforms Diagnosis, 

Phototherapy, and Combination Therapy, 

n.d.).  This aspect is critical in the search of 

small tumour nodules and ensuring no 

cancerous cells are not left behind. This 

significantly improves the success rates of 

tumour excision surgery (Li et al., 2021) 

(Ma et al., 2022).  Second near-infrared 

aggregation-induced emission materials 

have been shown to be an effective 

approach to improving the tumour 

boundary delineation during surgical 

procedures because of their enhanced tissue 

penetration and reduced autofluorescence 

interference (LIU et al., 2023) (Li et al., 

2021).  It allows better visualization of 

tissues and increases the signal-to-

background ratio, which is crucial in the 

accurate delimiting of the tumour border 

and detection of remnants of illness in 

complex anatomical regions (Li et al., 

2021). 

CONCLUSION: 

To conclude, the presented work shows that 

tumour margin is an important prognostic 

factor in surgical cancer since the state of 

tumour margins is a significant predictor of 

patient outcomes, including local 

recurrence, distant metastasis, and survival.  

The histopathological result showed that 

positive margins were strongly associated 

with increased likelihood of recurrence and 

less favorable survival rates such that it can 

be affirmed that clear or negative margins 

attainment are very important in improving 

patient prognosis.  The study has also 

emphasised the importance of 

intraoperative frozen section analysis in 

reduction of positive margins, hence 

leading to more specific surgical resections.   

The findings also confirm the fact that close 

margin is riskier compared to the negative 

margin though it is not as bad as positive 

margin. It is even more essential to ensure 

that the margins are carefully checked in 

surgery.  This paper not only highlights the 

importance of tumour margin analysis in 

making decisions regarding post-operative 

treatment, such as which adjuvant drugs 

should be given, but goes to point out that a 

better method of conducting a surgery, as 

well as measuring the tumour margin, 

might offer better patient outcomes.  The 

qualitative histopathological analysis and 

the quantitative survival analysis in this 

study provide a complete understanding of 

the impact of the tumour margins on cancer 

prognosis.  The outcomes reinforce the 

need to integrate the use of margin 

assessment in clinical practice particularly 

in high-risk tumours to ensure that patients 

receive maximum treatment and follow-up 

care.  Ultimately, ensuring that surgical 

excisions are negative is one of the most 

crucial steps to undertake to ensure cancer 

does not recur and to enhance a long-term 

survival among the population. 
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