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Introduction
Cervical cancer remains a major global health challenge, 
ranking as the fourth most common malignancy to affect women 
worldwide [1]. In 2020, an estimated 604,000 new cases and 

342,000 deaths worldwide were reported [2,3] . More recent 
estimates suggest that in 2022 there were approximately 660,00 
incident cases resulted in 350,000 deaths worldwide in 2022 
[4]. Highlighting the persistent and substantial global burden 
of disease [5,6]. Persistent infection with oncogenic human 
papillomavirus types is unequivocally recognized as the primary 
cause of nearly all cervical cancers [7-9]. 

Cervical intraepithelial neoplasia, the precancerous cindition 
that precedes invasive cervical cancer, is highly amenable 

ABSTRACT
Introduction: This study evaluated the diagnostic accuracy of colposcopic assessment and the effectiveness of large loop excision of the transformation 
zone (LLETZ) in the management of cervical intraepithelial neoplasia (CIN) within a tertiary UK centre.

Methodology: A retrospective review was conducted of 284 consecutive women who underwent colposcopy and LLETZ at Addenbrooke’s Hospital, 
Cambridge, between 1 January and 31 December 2023. Primary outcomes included adequacy of excision depth, histological margin status, and Test-of-Cure 
(TOC) outcomes. Depth adequacy was defined according to transformation zone (TZ) type (TZ1 ≥7 mm, TZ2 ≥10 mm, TZ3 ≥15 mm). Demographic and 
clinical characteristics were recorded.

Results: Of the 284 LLETZ procedures, 87.7% were performed as a single excisional specimen, meeting national quality standards. TOC success was 
achieved in 89% of cases. The positive predictive value of colposcopy for detecting high-grade histology was 82.5% among women referred with high-
grade cytology and 69% overall. Adequate excision depth was achieved in 59% of cases, with the highest adequacy observed in Type 1 transformation zones 
(64%). Complete excision with negative margins was achieved in 61.4% of cases, with lower rates observed in Type 2 and Type 3 transformation zones. 
Margin positivity was more frequent among younger women aged 25–34 years.

Conclusion: Colposcopy and LLETZ demonstrated high diagnostic accuracy and effective disease clearance in this tertiary centre. While overall outcomes 
aligned with national standards, achieving adequate excision depth and negative margins-particularly in Type 3 transformation zones-remains challenging. 
A cautious, individualised surgical approach may help balance oncological safety with fertility preservation while maintaining high TOC success.
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to early detection and treatment [7-11]. This underscores the 
critical need for robust diagnostic and therapeutic protocols. 
Colposcopy plays a central      role in diagnosis, enabling 
magnified visualization of the cervix, vagina, and vulva to 
identify abnormal areas. However, the diagnostic accuracy of 
colposcopy in detecting high-grade cervical lesions allows for 
early detection and timely treatment [12,13]. Despite these 
limitations, colposcopy remains an indispensable component 
of effective management and prevention of invasive cervical 
cancer. 

Large Loop Excision of the Transformation Zone is a widely 
recognized and effective therapeutic modality for high grade 
CIN, offering both diagnostic and curative benefits [14,15]. 
Optimizing patient outcomes through accurate diagnosis 
and effective treatment alligns with global cervical cancer 
elimination strategies, particularly those outlined by the World 
Health Organization [2,16,17,]. 

This study evaluates the performance of colposcopy and LLETZ 
within a real-world clinical setting. Specifically, we examine 
the diagnostic accuracy of colposcopy assessment and the 
effectiveness of LLETZ in treating CIN (cervical intraepithelial 
neoplasia) among women in Cambridgeshire, United Kingdom, 
benchmarking outcomes against  national standards by the 
British Society for Colposcopy and Cervical Pathology  
(BSCCP) . Key indicators include rates of complete excision, 
test-of-cure failure, and adequacy of histological margins, and 
the influence of patient characteristics. By providing insights into 
the factors that impact CIN management, this study contributes 
to refinement of screening programs and treatment protocols, 
ultimately supporting effects  to prevent progression to invasive 
cervical cancer [7].

Literature Review
Cervical cancer remains a leading cause of cancer-related 
morbidity and mortality among women, ranking fourth most 
frequently diagnosed malignancy worldwide [18]. Most 
national prevention programmes rely on cervical cytology and/
or human papillomavirus (HPV) testing, with colposcopy used 
as a secondary triage test  when screening identifies abnormal  
finding [13]. 

The disproportionate burden of cervical cancer in low and 
middle-income countries, where the majority of deaths occur, 
underscores persistent inequalities in healthcare access and 
outcomes [17,19,20,]. In recognition of this, the World Health 
Organization launched a global strategy to eliminate cervical 
cancer as a public health problem by 2030, setting targets for 
HPV vaccination, cervical screening, and treatment coverage 
[2,16,17,21-24,].

Secondary prevention through organised screening programmes 
remains the cornerstone of cervical cancer control. Cytology 
and HPV-based testing enable the early detection and treatment 
of  cervical intraepithelial neoplasia (CIN) before malignant 
transformation occurs [7-25]. The integration of HPV testing 
into screening protocols has significantly improved sensitivity 
for detecting high-grade CIN (CIN2+ and CIN3+), providing 
stronger protection against invasive cervical carcinoma than 
cytology alone [17,26,27]. However, despite these advancements, 

implementation challenges – particularly in achieving adequate 
population coverage, follow-up, and access to colposcopy – 
persist globally, especially in resource-limited settings [16].

Colposcopy remains central to the diagnostic pathway, allowing 
magnified visualisation of the cervix, vagina, and vulva to guide 
targeted biopsies and confirm histopathological diagnoses [11-
28]. Although indispensable for early detection, its diagnostic 
accuracy is limited by subjectivity and variability related to 
the examiner’s experience, lesion visibility, and examination 
quality [13,29-31]. Reported sensitivities for detecting CIN2+ 
range between 61.5% to 98.3%, with specificities between 
35.3% to 84.2% [25,32-34]. Moreover, colposcopy may miss 
a substantial proportion of high-grade squamous intraepithelial 
lesions [35]. The International Federation of Cervical Pathology 
and Colposcopy (IFCPC) introduced a standardised terminology 
system in 2011 to enhance consistency and diagnostic reliability, 
yet evidence regarding its impact remains mixed, highlight the 
need for continued evaluation [36]. 

Large Loop Excision of the Transformation Zone (LLETZ) 
represents a cornerstone in the therapeutic management of CIN. 
The technique facilitates both diagnosis and treatment by excising 
abnormal cervical tissue within the transformation zone, thereby 
removing dysplastic tissue while enabling histopathological 
assessment [14,15]. LLETZ is generally safe and effective, with 
clearance rates ranging from 70% to 97% across diverse clinical 
settings [14-37]. Nevertheless, incomplete excision, particularly 
in large endocervically extending lesions, remain a significant 
predictor of residual or recurrent disease [14,38-40]. Outcomes 
are influenced by factors such as excision technique, specimen 
volume, and transformation zone type, which together determine 
the adequacy of both diagnostic yield and therapeutic effect 
[41,42].

The natural history of HPV infection reveals that most 
infections, particularly those resulting in low-grade CIN, 
regress spontaneously, especially among younger women [7,43-
45]. However, persistent infection with high-risk HPV types 
significantly increase the risk of progression to high-grade 
lesions and invasive cancer [7-46]. These insights emphasis 
the importance of distinguishing lesions requiring interventions 
from those likely to regress, to balance effective treatment with 
the avoidance of overtreatment.

While substantial literature supports the efficacy of colposcopy 
and LLETZ, real-world performance can vary depending on 
local practices, population characteristics, and service delivery 
factors [35]. Margin status remains a critical determinant of 
treatment success [47] and studies indicate that demographic and 
anatomical factors, such as younger age or type 3 transformation 
zones, may predispose to incomplete excision or margin 
positivity [48-50].

This study seeks to address these knowledge gaps by evaluation 
colposcopy accuracy and LLETZ effectiveness in the management 
of CIN within a real-world clinical setting in Cambridgeshire, 
United Kingdom. Through analysis of key outcomes measures, 
including complete excision rates, test-of-cure results, histological 
margin status, and patient factors such as age and transformation 
zone type, this research contributes to the ongoing refinement of 
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CIN management strategies. By integrating these findings into the 
broader context of cervical cancer prevention, this study supports 
the optimisation of diagnostic and therapeutic pathways aligned 
with  global elimination of cervical cancer [2,7,17,].

Materials and Methods
Study Design and Setting
This retrospective observational study analysed a consecutive 
cohort of women who underwent colposcopy at Addenbrooke’s 
Hospital, Cambridge University Hospitals NHS Foundation 
Trust, United Kingdom. The study period spanned from 1 
January 2023 to 31 December 2023. Addenbrooke’s Hospital 
is a tertiary referral center serving a large and demographically 
diverse population across Cambridgeshire and the surrounding 
region. The study aimed to evaluate the diagnostic accuracy 
of colposcopy and the therapeutic effectiveness of Large 
Loop Excision of the Transformation Zone (LLETZ) in the 
management of cervical intraepithelial neoplasia (CIN).

Study Population
A total of 284 consecutive patients who underwent colposcopic 
assessment within the study period were identified through the 
hospital’s electronic colposcopy database. Eligible participants 
were those who had both a colposcopy and a subsequent LLETZ 
procedure performed within the defined timeframe, ensuring 
inclusion of patients for whom both diagnostic and therapeutic 
data were available.

Patients were excluded if they:
•	 Did not undergo LLETZ following colposcopic evaluation,
•	 Had incomplete or missing histopathological data, or
•	 Moved out of the region or were lost to follow-up before 

their Test-of-Cure (TOC) visit.

This approach ensured a robust dataset representing the complete 
clinical pathway from initial diagnosis to post-treatment 
surveillance.

Data Collection and Variables
Data were extracted retrospectively from electronic patient 
records, including demographic, clinical, and histopathological 
information. Variables collected included:
•	 Demographic characteristics: age, body mass index (BMI), 

parity, menopausal status, smoking status, and HPV 
vaccination status.

•	 Referral cytology results: categories based on the UK NHS 
Cervical Screening Programme classification.

•	 Colposcopic findings: transformation zone (TZ) type 
(TZ1–TZ3), impression grade (low-grade, high-grade, or 
suspicious of invasion), and lesion characteristics.

•	 Histopathological outcomes: LLETZ specimen diagnosis, 
excision margin status (complete vs. incomplete), and grade 
of CIN.

•	 Follow-up data: Test-of-Cure cytology and HPV results, 
recurrence or persistence of CIN, and subsequent 
management steps.

To evaluate factors influencing treatment outcomes, patient 
characteristics such as smoking status, menopausal state, and 
BMI were assessed for potential associations with incomplete 
excision and TOC failure.

Population Characteristics
The final cohort demonstrated broad demographic variation 
reflective of a real-world colposcopy population:
•	 Parity: 87 (30.6%) nulliparous; 197 (69.4%) multiparous.
•	 Smoking status: 65 (22.9%) current smokers; 219 (77.1%) 

non-smokers.
•	 Menopausal status: 80 (28.2%) postmenopausal; 204 

(71.8%) premenopausal.
•	 HPV vaccination status: 30 (10.6%) vaccinated; 254 

(89.4%) unvaccinated.
•	 Age: median 39 years (interquartile range 33–46); mean 

42.3 years (range 24–78).
•	 Body Mass Index: mean 27.0 kg/m² (SD 4.8).

Ethical Considerations
This project was registered and approved with the Cambridge 
University Hospitals NHS Foundation Trust Clinical Audit 
Department as a service evaluation. It was conducted in 
accordance with the Health Research Authority (HRA) decision-
making framework, confirming that formal research ethics 
committee approval was not required.

All data were collected and analyzed under institutional audit 
governance policies and handled in compliance with the General 
Data Protection Regulation (GDPR) and the Data Protection Act 
2018. Patient confidentiality was maintained throughout, with 
all identifiable information anonymized prior to analysis. The 
study adhered to the principles of the Declaration of Helsinki 
and the NHS Code of Practice for Clinical Audit.

Outcome Measures and Standards
The primary objective of this study was to evaluate departmental 
performance in colposcopic diagnosis and LLETZ treatment 
against national benchmarks established by the British Society 
for Colposcopy and Cervical Pathology (BSCCP) and the NHS 
England guidelines on Colposcopic Diagnosis, Treatment 
and Follow-up [51]. Key performance indicators (KPIs) were 
assessed to determine diagnostic accuracy, procedural adequacy, 
and overall quality of care. These included:
•	 Positive predictive value for high-grade lesion colposcopic 

diagnosis: >65%.
•	 Biopsies suitable for histological interpretation: >90%.
•	 Specimens removed in a single excisional sample: >80%.
•	 Adequacy of LLETZ depth: >95%.

These standards provided the framework for evaluating both 
the accuracy of colposcopic impression and the effectiveness of 
LLETZ as a therapeutic procedure.

The primary outcome measures were:
•	 Rate of complete excision, defined as histologically 

confirmed negative margins (no CIN at excision margins).
•	 Test-of-Cure (TOC) failure, defined as persistence of high-

risk HPV infection and/or abnormal cytology at follow-up.
•	 Adequacy of excision depth, stratified by transformation 

zone type.
•	 Secondary outcomes included the positive predictive value 

of colposcopic assessment for high-grade disease (CIN2+) 
and the proportion of specimens obtained as single, intact 
excision samples.
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Histological Assessment and Depth Criteria
Histopathological examination of excised specimens was 
performed by consultant histopathologists according to 
standardized departmental and BSCCP protocols. Each specimen 
was assessed for grade of CIN, margin status, and depth of 
excision. Margins were categorized as:
•	 Negative: complete excision of the CIN lesion with 

histologically clear margins.
•	 Positive: presence of CIN at one or more resection margins, 

indicating incomplete excision.

To ensure consistent evaluation of excision adequacy, minimum 
depth thresholds were defined according to the transformation 
zone (TZ) type observed at colposcopy:
•	 Type 1 TZ: ≥7 mm
•	 Type 2 TZ: ≥10 mm
•	 Type 3 TZ: ≥15 mm

These thresholds were adopted in line with BSCCP and NHS 
England guidance to reflect the varying anatomical complexity 
and glandular extension associated with different TZ types.

The positive predictive value (PPV) of colposcopy for detecting 
histologically confirmed high-grade lesions (CIN2 or higher) 
was calculated as the proportion of patients with a high-grade 
colposcopic impression who were found to have high-grade CIN 
on final histology.

Statistical Analysis
All statistical analyses were conducted using SPSS Statistics 
software. Descriptive statistics were used to summarise 
baseline demographic and clinical characteristics, expressed 
as frequencies and percentages for categorical variables and as 
means with standard deviations or medians with interquartile 
ranges for continuous variables, depending on data distribution.
Comparative analyses were performed to explore associations 
between patient characteristics (e.g., age, parity, menopausal 
status, smoking status, BMI, transformation zone type) and 
treatment outcomes (e.g., incomplete excision, TOC failure). 
Categorical variables were compared using the chi-square test 
or Fisher’s exact test, as appropriate, while continuous variables 
were compared using the independent samples t-test or Mann–
Whitney U test.

Statistical significance was defined as p < 0.05 (two-tailed). 
Missing data were handled through case-wise deletion, with 
sample sizes adjusted accordingly for each analysis.

Quality Assurance and Data Validation
To ensure data integrity and reliability, a multi-step quality 
assurance process was implemented. All data were independently 
extracted and verified by two investigators to minimize 
transcription and classification errors. Any discrepancies 
identified between data sources were resolved through 
cross-referencing with original electronic medical records, 
histopathology reports, and colposcopy documentation within 
the hospital’s digital records system.

Colposcopic impressions and histopathological diagnoses were 
reviewed in accordance with BSCCP standards. Random cross-

audits of 10% of the dataset were performed to validate data 
accuracy and consistency. Histological margin classifications 
and excision depth measurements were re-evaluated by a 
consultant histopathologist blinded to the original findings to 
confirm reliability and inter-observer consistency.

All procedures were conducted in line with institutional audit 
governance frameworks. The anonymized dataset was stored on 
secure, password-protected NHS servers accessible only to the 
study team. Data handling and reporting adhered to the General 
Data Protection Regulation (GDPR) and NHS Digital Data 
Security and Protection Toolkit standards.

Findings
This section presents the key findings from our analysis of 
colposcopy cases and LLETZ procedures.

Baseline Population Characteristics
A total of 284 patients who underwent colposcopy and LLETZ 
between January and December 2023 were included in the 
analysis. The majority of referrals were due to high-grade 
cytology, which represented the most frequent indication for 
colposcopic assessment. Referrals for glandular neoplasia and 
suspected malignancy were least common (Table 1).

Table 1: Referral Cytology Distribution
Referral cytology Number Percentage
Negative 64 22.5%
Borderline 28 9.8%
Low grade 33 11.6%
High grade moderate 60 21.1%
High grade severe 95 33.3%
Cancer 05 1.8%

Among all patients, 187 (65.8%) underwent therapeutic LLETZ 
procedures, while 98 (34.2%) had diagnostic LLETZ.

Colposcopic assessment revealed that Type 1 transformation 
zones (TZs) were the most prevalent (53.7%), followed by Type 
2 TZs (26.0%) and Type 3 TZs (20.4%) (Table 2).

Table 2: Types of Transformation Zones Identified at 
Colposcopy
Type of tz Numbers
TYPE 1 153
TYPE 2 74
TYPE 3 58

Colposcopic impressions varied, with high-grade changes 
representing the majority of cases (Table 3).

Table 3: Colposcopic Impressions
Colposcopic Impression Numbers
Low grade/hpv changes 62
High grade 147
Cancer 4
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Normal 16
Unsatisfactory 56

Table 4: Lletz Outcomes Benchmarked Against Bsccp 
Performance Standards

Observed BSCCP Standard
PPV high-grade 82.5% >65%
Single-piece excision 87.7% >80%
Specimen adequacy 98.2% >90%
Depth adequacy 59% ≥95%

Table 4 summarises key performance indicators for colposcopic 
diagnosis and large loop excision of the transformation zone 
(LLETZ) in the study cohort, benchmarked against national 
performance standards set by the British Society for Colposcopy 
and Cervical Pathology (BSCCP). Outcomes include the positive 
predictive value (PPV) of colposcopic assessment for high-grade 
disease, the proportion of procedures performed as a single 
excisional specimen, specimen suitability for histopathological 
interpretation, and adequacy of excision depth according to 
transformation zone–specific criteria.

Lletz Procedure Outcomes
A total of 87.7% of LLETZ procedures were completed in a 
single excisional sample, surpassing the national benchmark 
of 80%, indicating procedural proficiency. The overall Test-
of-Cure (TOC) success rate—defined as negative cytology and 
HPV at follow-up—was 89%.

Among patients with available TOC data, 73 remained HPV 
positive and 126 were HPV negative. Repeat LLETZ was 
required in 35 cases (12.3%), and 5 patients (1.8%) were 
diagnosed with invasive carcinoma. Negative LLETZ histology 
was observed in 46 cases (16.2%).

Test-of-Cure Outcomes by Transformation Zone Type
TOC outcomes were analyzed according to transformation zone 
type and adequacy of excision depth (Tables 5).

Table 5. Test-of-Cure Outcomes According to Transformation 
Zone Type
Transformation 
Zone Type

Toc Negative n 
(%)

Toc Positive 
n (%)

P 
value*

Type 1 (n = 153) 44 (67.9) 19 (32.1) 0.84
Type 2 (n = 74) 10 (63.0) 10 (37.0) 0.15
Type 3 (n = 58) 16 (48.5)† 17 (51.5)† NA‡

*Chi-square or Fisher’s exact test comparing adequate vs 
inadequate excision depth within each transformation zone.

†Percentage calculated among cases with available Test-of-Cure 
data.
‡Statistical comparison not performed due to absence of cases 
with adequate excision depth in Type 3 transformation zones.

When stratified by transformation zone type, no statistically 
significant association was observed between excision depth 
adequacy and Test-of-Cure outcome for Type 1 or Type 2 
transformation zones (Table 5). In Type 3 transformation 

zones, adequate excision depth was not achieved in any case, 
precluding formal statistical comparison. While overall depth 
adequacy remained below the BSCCP target (Table 4), marked 
variation was observed according to transformation zone type, 
with particularly poor performance in Type 3 transformation 
zones (Figure 1).

Figure 1: Excision Depth Adequacy by Transformation Zone 
Type

Figure 1: Proportion of large loop excision of the transformation 
zone (LLETZ) procedures achieving adequate excision depth 
stratified by transformation zone type. Adequate depth was 
defined according to BSCCP-recommended minimum depth 
thresholds. 

Colposcopic Accuracy
The positive predictive value (PPV) of colposcopy for detecting 
high-grade histology (CIN2+) was 82.5% among referrals with 
high-grade cytology and 69% overall.

Colposcopy demonstrated a sensitivity of 76.5% and a specificity 
of 44.3%, indicating good diagnostic yield in identifying high-
grade lesions but moderate discriminatory performance overall.

Excision Quality and Influencing Factors
Adequate excision depth-defined according to transformation 
zone–specific criteria—was achieved in 59% of cases. Adequacy 
was highest for Type 1 TZs, reflecting their greater procedural 
accessibility, and lowest for Type 3 TZs, which often presented 
technical challenges. Complete excision with histologically 
negative margins was achieved in 61.4% of cases (Table 6). 
Margins were cautherized so complete treatment rates would be 
higher

Table 6: Margin Status Following Excision
Margin status Numbers
Positive 105
Negative 175
Not applicable 5

Histopathological Outcomes of LLETZ Specimens
Histological analysis of LLETZ specimens revealed that CIN3 
was the most common diagnosis, followed by CIN2 and CIN1 
(Table 7). Glandular neoplasia and invasive carcinoma were 
relatively rare findings.

Table 7: Histology of LLETZ Specimens
Histology Numbers
CIN 1 49
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CIN2 57
CIN3 108
CGIN 15
Cancer 5
Ungradable 5
Negative 46

Summary of Findings
In summary, this audit demonstrated strong departmental 
performance across key quality indicators of colposcopy and 
LLETZ procedures. The majority of excisions were achieved 
in a single sample, with a high overall Test-of-Cure success 
rate of 89%, reflecting effective procedural and follow-up 
practices. Colposcopy showed a robust positive predictive 
value for high-grade disease (82.5% among high-grade 
cytology referrals), consistent with national standards, though 
its specificity remained moderate. Adequate excision depth 
was achieved in 59% of cases, with the greatest adequacy 
observed in Type 1 transformation zones. Despite this, complete 
excision with negative margins was attained in only 61.4% of 
cases, underscoring persistent challenges in managing Type 3 
transformation zones, where inadequate depth was universal 
and associated with lower Test-of-Cure success. These findings 
align with national data highlighting the technical difficulty of 
excising endocervical lesions and reinforce the importance of 
tailoring excision strategy to transformation zone anatomy to 
optimize treatment outcomes.

Discussion
This study provides important insights into the diagnostic 
performance of colposcopy and the therapeutic effectiveness of 
Large Loop Excision of the Transformation Zone (LLETZ) in 
the management of cervical intraepithelial neoplasia (CIN) at a 
tertiary centre in Cambridgeshire, United Kingdom. The results 
demonstrate strong adherence to BSCCP quality standards 
in several key domains while identifying specific areas for 
procedural refinement, particularly in relation to excision depth 
and margin status.

Effectiveness of LLETZ
The high Test-of-Cure (TOC) success rate observed in this cohort 
(89%) affirms the effectiveness of LLETZ in achieving disease 
clearance and aligns with outcomes reported in existing literature, 
which typically cite cure rates of 85–95% [15,48,52,53]. 
LLETZ remains a cornerstone of CIN management, balancing 
therapeutic efficacy with preservation of cervical integrity [54].

Consistent with prior studies, margin status and persistent HPV 
infection emerged as the most important predictors of residual 
or recurrent disease [39-55]. The overall negative margin rate in 
this study (61.4%) was modestly lower than the BSCCP target of 
≥80%, and similar to other real-world series reporting negative 
margins in 60–70% of cases [56,57]. This reinforces that while 
LLETZ is highly effective, complete excision-particularly in 
women with endocervical extension-remains challenging.

Colposcopy Accuracy
The diagnostic performance of colposcopy in this cohort was 
consistent with national benchmarks. The positive predictive 

value (PPV) for high-grade histology was 82.5% among women 
referred with high-grade cytology, exceeding the BSCCP 
recommended threshold of >65% [51]. The overall PPV across 
all referrals (69%) and sensitivity of 76.5% compare favourably 
with previously published ranges [12,13,25]. 

Colposcopy’s diagnostic variability remains well recognised, 
with accuracy influenced by examiner experience, lesion 
visibility, and transformation zone characteristics [30-58]. The 
moderate specificity observed in this cohort (44.3%) reflects the 
subjective nature of colposcopic grading, which has been widely 
reported in the literature [33-59]. These findings underscore 
the continued importance of structured training, adherence to 
IFCPC terminology, and periodic performance audits to enhance 
inter-observer consistency and diagnostic reliability.

Excision Quality and Influencing Factors
Overall departmental performance met or exceeded three of the 
four BSCCP quality standards, including positive predictive value 
for high-grade disease, single-piece excision rates, and specimen 
adequacy (Table 4). Although almost all LLETZ specimens 
(98.2%) were suitable for histopathological assessment, 
exceeding the BSCCP benchmark,  adequacy of excision depth 
and margin clearance demonstrated room for improvement. 
Adequate excision depth was achieved in 59% of cases, with 
the greatest success observed in Type 1 transformation zones. 
In contrast, consistent inadequacy in Type 3 zones reflects the 
recognised technical challenges associated with endocervical 
lesions and is in keeping with findings from previous studies, 
and highlights the technical difficulty of achieving sufficient 
depth in such lesions [41,42].

Incomplete excision is a recognised risk factor for treatment 
failure and recurrent CIN [56,55]. Rates of positive margins 
in the present study (37%) are comparable to those reported 
internationally, where residual disease is more frequent at the 
endocervical margin [57-60]. This emphasises the need to 
individualise excision strategy based on transformation zone 
type and lesion extent.

Interestingly, an increased incidence of positive margins was 
noted among younger women (aged 25–34 years), a finding 
consistent with reports that age and lesion characteristics can 
influence surgical completeness [39,42,53]. This may relate 
to narrower cervical anatomy or higher-grade lesions in this 
demographic. Further prospective studies are warranted to 
elucidate the interplay between age, HPV persistence, and 
anatomical factors influencing incomplete excision.

Clinical Implications
The findings of this audit have several implications for clinical 
practice. First, the strong Test-of-Cure outcomes and high 
PPV support the ongoing use of LLETZ and colposcopy 
as effective components of the cervical screening pathway. 
However, the moderate rate of incomplete excisions suggests a 
need for enhanced procedural planning, particularly for Type 3 
transformation zones. In selected patients, alternative excisional 
approaches, including cold knife conisation, endocervical 
mapping and extended loop depths may be appropriate, 
particularly when standard techniques are insufficient or margins 
are difficult to assess.
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Second, the variability in colposcopic performance reinforces 
the importance of continued professional development and 
adherence to standardized terminology systems, as well as 
incorporating objective adjuncts such as computer-assisted 
colposcopy or digital image review to reduce observer bias.

Finally, these findings support ongoing quality assurance through 
regular departmental audits against BSCCP standards to ensure 
continuous improvement in diagnostic and therapeutic outcomes 
within cervical screening services.

Limitations
This study should be interpreted within the context of several 
limitations. Its retrospective design introduces potential biases 
inherent in secondary data analysis, including incomplete 
or missing records [61,62]. The single-centre setting limits 
generalizability, as variations in patient demographics and 
procedural expertise may influence results [63]. Additionally, 
data regarding HPV viral load, lesion size, and colposcopic image 
grading were unavailable, which could provide further insight 
into factors influencing margin status and recurrence risk [15-
64]. The study also did not differentiate between persistent and 
recurrent disease, which may have implications for interpreting 
long-term outcomes [65].

Strengths
Despite these limitations, the study possesses several key 
strengths. It includes a large, consecutive sample of patients 
reflective of real-world practice, ensuring robust external validity 
[66]. Comprehensive data collection allowed for a multifactorial 
analysis of demographic and procedural factors influencing 
treatment outcomes. Conducted within an operational ESGO-
accredited centre, this audit provides pragmatic evidence that 
directly informs quality improvement initiatives and supports 
adherence to national standards in colposcopic practice.

Conclusion
In conclusion, this study demonstrates that colposcopy and 
large loop excision of the transformation zone (LLETZ) remain 
highly effective for the diagnosis and management of cervical 
intraepithelial neoplasia (CIN) within a tertiary UK centre, with 
outcomes largely aligned with British Society for Colposcopy 
and Cervical Pathology (BSCCP) performance standards. 
Three of the four key performance indicators-including positive 
predictive value for high-grade disease, specimen suitability 
for histopathological interpretation, and single-piece excision 
rates-met national benchmarks set by BSCCP, confirming the 
sustained diagnostic utility of colposcopy and the effectiveness 
of established treatment protocols in routine clinical practice.

Nonetheless, the study highlights persistent challenges in 
achieving adequate excision depth and complete margin 
clearance,     particularly in patients with Type 3 transformation 
zones. Although the target threshold for excision depth was not 
met, no statistically significant difference in treatment outcomes 
was observed between cases with adequate and inadequate 
depth, suggesting that clinical judgement and individualised 
surgical decision-making may play an important role. These 
findings are particularly relevant for younger women, where 
balancing oncological safety with fertility preservation remains 
a key consideration.

The results underscore the importance of tailoring excisional 
approaches to transformation zone anatomy, maintaining high 
standards of colposcopist training, and embedding routine 
performance audit within clinical services. Future research 
should focus on identifying factors contributing to margin 
positivity and evaluating emerging technologies for real-time 
intraoperative margin assessment, which may further improve 
surgical precision and reduce reliance on post-operative 
histopathology alone [67-69].

Overall, this study contributes valuable real-world evidence 
to ongoing cervical cancer prevention efforts. The World 
Health Organization has set ambitious targets for 2030, which 
include vaccinating 90% of girls against HPV, screening 70% 
of women with high-performance tests, and treating 90% of 
women diagnosed with precancerous lesions or cancer [21-24]. 
Achieving these goals necessitates a comprehensive approach 
that includes robust screening programs, effective treatment 
modalities, and continuous education for both healthcare 
providers and the public [70,71]. While developed countries 
have made significant strides, challenges persist in low- and 
middle-income countries, highlighting the critical need for 
accessible and affordable screening and treatment options, 
along with increased public awareness [72-74]. This study 
reinforces the ongoing commitment to improving the quality 
of care and advancing global strategies for cervical cancer 
prevention.
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