
Vol. 1, Issue 2 (2026) 70

Biomedical and Clinical Medicine
https://bcmjournal.org

Predictive  Value  of  Diagnostic  Delay  Factors  for  Stage 

Distribution in Colorectal Cancer Screening

Finn Verhoeven*, Iris De Vries, Niels Smit

Department of Physical Therapy, Faculty of Medicine, Leiden University, Leiden, South Holland, Netherlands

Corresponding author: finn.verhoeven@universiteitleiden.nl

Abstract

Colorectal  cancer  remains  one  of  the  leading  causes  of  cancer-related  morbidity  and  mortality  
worldwide, heavily dependent on the stage at diagnosis for prognostic outcomes. Screening programs 
have been widely implemented to detect precancerous lesions and early-stage malignancies, yet the 
effectiveness  of  these  interventions  is  frequently  undermined  by  diagnostic  delays.  This  paper 
presents  a  comprehensive  academic  investigation  into  predicting  stage  distribution  based  on 
diagnostic delay factors using extensive registry analysis. By examining large-scale population data, 
the study identifies critical patient-level, system-level, and clinical factors that contribute to prolonged 
intervals  between  initial  screening  abnormalities  and  definitive  diagnosis.  A  meticulous 
methodological  framework  is  employed  to  harmonize  disparate  registry  data,  ensuring  robust  
categorization of delay intervals and cancer stages. Through advanced predictive modeling techniques, 
described conceptually without mathematical notation, the analysis quantifies the probability of stage 
progression as  a function of  time delay.  The findings emphasize that  delays exceeding a  specific 
threshold significantly shift the distribution toward advanced stages, compounding the burden on 
healthcare systems and worsening patient survival rates. This research highlights the urgent need for 
optimized clinical pathways, integrated registry surveillance, and targeted health policies to minimize 
delays, thereby maximizing the life-saving potential of colorectal cancer screening programs on a 
global scale. 
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1. Introduction

1.1 Background of Colorectal Cancer Screening

Colorectal cancer is a major global public health challenge, representing a substantial proportion of 
newly diagnosed malignancies and cancer-related deaths each year [1]. The natural history of the  
disease  typically  involves  a  slow  progression  from  benign  adenomatous  polyps  to  invasive 
adenocarcinoma, a characteristic that provides a critical window of opportunity for early intervention 
[2]. Consequently, organized screening programs have been established in numerous countries to 
facilitate the early detection of the disease, utilizing modalities such as the fecal occult blood test, fecal 
immunochemical test, and colonoscopy. These screening initiatives have demonstrated considerable 
success in reducing both the incidence and mortality rates of colorectal cancer by enabling the removal 
of precancerous lesions and the treatment of localized tumors before they disseminate [3]. However, 
the overarching success of any screening program is intrinsically linked to the efficiency and timeliness 
of  the subsequent diagnostic and therapeutic clinical  pathways.  When individuals present with a 
positive screening result, it is imperative that they undergo a timely diagnostic follow-up, primarily  
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via a complete colonoscopy, to confirm or refute the presence of malignancy. Any breakdown or 
prolongation in this continuum of care fundamentally compromises the theoretical benefits of the 
screening intervention, rendering the early detection efforts less impactful and ultimately affecting 
patient outcomes on a population level [4].

1.2 Statement of the Problem

Despite  the  clear  clinical  directives  advocating  for  prompt  diagnostic  resolution  following  an 
abnormal screening test, significant delays remain a pervasive issue within many healthcare systems.  
Diagnostic delay in this context is generally understood as the time elapsed between the date of an 
abnormal screening result and the date of a definitive histological diagnosis. Prolonged diagnostic 
intervals  are  multifaceted  problems  driven  by  a  complex  interplay  of  patient-related  behaviors,  
socioeconomic  determinants,  healthcare  system  capacities,  and  provider-level  practices  [5].  The 
critical clinical concern is that colorectal tumors continue to proliferate and potentially metastasize 
during these periods of delay. Consequently, individuals who experience extended waiting times may 
present with a more advanced stage of disease at the time of definitive diagnosis compared to those  
who receive timely care. Advanced stage at diagnosis is unequivocally associated with a less favorable 
prognosis,  requiring more aggressive, multimodal therapeutic regimens that carry higher risks of 
morbidity, severe adverse effects, and substantially increased healthcare expenditures [6]. While the 
theoretical  risk  of  stage  progression  due  to  delay  is  widely  acknowledged,  predicting  the  exact  
distribution of cancer stages across a population based on specific delay factors remains empirically  
challenging. There is a critical need to systematically quantify this relationship using large-scale, real-
world data to inform policy and optimize clinical pathways.

1.3 Objectives and Scope of the Study

The primary objective of this comprehensive study is to predict the stage distribution of colorectal 
cancer at diagnosis as a direct function of various diagnostic delay factors, utilizing rigorous registry-
based analysis.  By leveraging expansive population-based cancer registries,  this research aims to 
construct  a  robust  analytical  narrative  that  delineates  the  threshold  at  which  diagnostic  delays 
translate  into  clinically  meaningful  shifts  toward  advanced-stage  disease  [7].  The  scope  of  the 
investigation encompasses the identification and categorization of multiple delay factors, including 
administrative wait times, patient non-compliance, and referral inefficiencies. Furthermore, the study 
seeks to elucidate how these delay factors interact with demographic variables such as age, gender, 
and socioeconomic status to disproportionately affect specific population subgroups. Through this 
detailed examination, the research endeavors to provide healthcare administrators and policymakers 
with actionable insights, facilitating the development of targeted interventions designed to streamline 
diagnostic pathways, reduce wait times, and ultimately preserve the prognostic advantages inherent 
in early cancer screening initiatives.

2. Literature Review and Background

2.1 Diagnostic Delay in Oncology

The concept of diagnostic delay has been extensively explored across various domains of oncology, 
recognizing time as a critical variable in cancer management. In the broader context of cancer care,  
delays are conventionally partitioned into patient delay, which encompasses the time from symptom 
onset or screening abnormality to initial medical consultation, and health system delay, which covers 
the interval from the first consultation to definitive diagnosis and subsequent initiation of treatment 
[8]. Research indicates that the impact of these delays on disease progression varies significantly  
depending on the tumor biology and the natural growth rate of the specific cancer type. For highly 
aggressive malignancies, even minimal delays can result in devastating prognostic consequences. In 
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contrast, for slower-growing tumors like typical colorectal adenocarcinomas, the timeline for stage 
progression is generally more protracted [9]. Nonetheless, the cumulative effect of seemingly minor  
administrative and logistical delays can push a localized lesion into a regional or distant metastatic 
state. Previous systemic reviews have highlighted the pervasive nature of these delays across different 
geographic and economic settings, underscoring that diagnostic delay is not merely a clinical oversight 
but a systemic failure that requires holistic, multidimensional solutions to address effectively [10].

2.2 Factors Contributing to Diagnostic Delays

Understanding the etiology of diagnostic delays necessitates a deep dive into the multifactorial 
barriers that impede timely care. At the patient level, psychological factors such as fear of a cancer 
diagnosis, anxiety regarding the colonoscopy procedure, and general health literacy play substantial  
roles  in  determining  compliance  with  recommended  follow-up  protocols  [11].  Socioeconomic 
determinants,  including  lack  of  health  insurance,  inadequate  transportation,  and  occupational 
constraints, further exacerbate the risk of prolonged patient intervals, creating stark disparities in 
access to care. System-level factors are equally, if not more, detrimental to the timeliness of diagnosis. 
These  include  limited  endoscopic  capacity,  workforce  shortages  among  gastroenterologists  and 
pathologists, fragmented communication between primary care providers and specialized tertiary 
centers,  and  convoluted  referral  networks  [12].  Additionally,  the  sheer  volume  of  patients 
participating  in  national  screening  programs  can  overwhelm  existing  healthcare  infrastructure, 
leading  to  inevitable  bottlenecks  in  the  diagnostic  pathway.  Previous  literature  emphasizes  that 
addressing  these  delay  factors  requires  systemic  capacity  building,  improved  care  coordination 
mechanisms,  and the implementation of  robust patient navigation programs to guide individuals 
through the complexities of the healthcare continuum [13].

2.3 Stage Distribution and Prognostic Implications

The staging of colorectal cancer is fundamentally based on the depth of tumor invasion into the 
intestinal wall,  the involvement of regional lymph nodes,  and the presence or absence of distant 
metastases, typically classified using the standard tumor, node, metastasis staging system. The stage 
at diagnosis is the single most powerful predictor of survival, with five-year survival rates declining 
precipitously from localized disease to distant metastatic disease [14]. Stage distribution within a  
population serves as a crucial barometer for the effectiveness of early detection programs. A leftward 
shift in stage distribution, meaning a higher proportion of stage one and stage two cancers, is the 
desired outcome of successful screening initiatives. Conversely, a rightward shift, indicating higher 
proportions of  stage three and stage four cancers,  signals systemic failures,  often attributable to  
diagnostic  delays  or  low  screening  uptake  [15].  Prolonged  diagnostic  intervals  allow  subclinical 
micrometastases to become clinically overt, thus upstaging the patient by the time of surgery. The  
literature clearly demonstrates that patients diagnosed at an advanced stage endure significantly 
higher rates of surgical complications, require complex adjuvant chemotherapy and radiotherapy, and 
suffer  profound  detriments  to  their  overall  quality  of  life,  highlighting  the  absolute  necessity  of 
minimizing delays to preserve favorable stage distributions [16].

2.4 The Role of Registry Analysis in Public Health

Cancer registries are the cornerstone of oncological surveillance, providing systematic, continuous, 
and comprehensive collection of data pertaining to the occurrence, characteristics, and outcomes of  
cancer within defined populations. These databases are invaluable assets for epidemiological research, 
offering longitudinal insights that cannot be captured through cross-sectional studies or localized 
clinical trials [17]. In the context of investigating diagnostic delays, registries enable researchers to 
track the patient journey across different healthcare facilities over time. By linking screening program 
databases  with  regional  or  national  cancer  registries,  analysts  can  accurately  measure  the 
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chronological milestones from the initial positive screening event to the final histopathological staging. 
This data linkage allows for the retrospective reconstruction of clinical pathways on a massive scale, 
facilitating the identification of systemic bottlenecks and demographic disparities [18]. Furthermore, 
registry data provide the statistical power necessary to detect subtle but clinically significant shifts in 
stage distribution, empowering researchers to build predictive models that can forecast population-
level outcomes based on observed administrative and clinical variables. The utilization of registry 
analysis thus bridges the gap between individual clinical encounters and overarching public health 
policy formulation.

3. Methodology and Registry Data Collection

3.1 Study Design and Population Selection

This  research employs  a  retrospective,  population-based cohort  study design,  maximizing  the 
utility of extensive, prospectively maintained health registries to ensure high data integrity and broad 
generalizability. The study population comprises individuals who participated in organized colorectal 
cancer screening programs over a defined ten-year period and subsequently received a confirmed 
histological diagnosis of primary colorectal adenocarcinoma. To maintain the purity of the data pool, 
rigorous  inclusion  and  exclusion  criteria  are  applied  [19].  Included  patients  are  those  who 
demonstrated an abnormal initial screening result, specifically a positive fecal immunochemical test,  
and were subsequently referred for a diagnostic colonoscopy. Patients are excluded if they presented 
with symptomatic colorectal cancer outside the purview of the screening program, if they had a prior  
history of any lower gastrointestinal malignancy, or if they possessed known hereditary colorectal 
cancer  syndromes,  as  the  biological  progression  and  clinical  management  of  such  cases  diverge 
significantly from sporadic cancers detected via standard screening. By isolating a cohort derived 
exclusively  from  screening  pathways,  the  study  ensures  that  the  temporal  metrics  analyzed  are 
standardizable and that the baseline risk profiles are relatively homogeneous, thereby allowing for a 
highly precise evaluation of the impact of diagnostic delays.

3.2 Definition and Measurement of Delay Factors

A critical component of this methodology is the precise operationalization of diagnostic delay and  
its constituent factors. The total diagnostic delay is defined as the absolute number of calendar days 
between the date of the abnormal screening test result communication and the date of the definitive 
diagnostic  colonoscopy  that  yielded  the  malignant  tissue  sample.  For  analytical  granularity,  this 
continuous variable is subsequently categorized into distinct temporal intervals, commonly zero to 
thirty days,  thirty-one to sixty days,  sixty-one to ninety days,  and beyond ninety days [20].  This 
categorization  aligns  with  prevalent  clinical  guidelines  which  typically  advocate  for  diagnostic  
resolution within thirty to sixty days of a positive screen. Beyond the mere calculation of time, the 
study meticulously extracts and defines associated delay factors from the registries. These factors are 
stratified  into  patient-level  variables,  including  demographic  details,  residential  distance  to  the 
nearest  endoscopy center,  and documented instances  of  appointment  cancellations or  no-shows. 
System-level  factors  are  also  quantified,  encompassing  variables  such  as  the  regional  density  of 
gastroenterology services, the specific type of referring primary care facility, and the seasonal volume 
of screening participants, which often dictates waitlist lengths. 
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Figure 1: Flowchart of Registry Data Integration and Patient Selection

3.3 Data Integration and Registry Harmonization

The foundation of this expansive analysis relies on the successful integration of multiple disparate 
databases, a process fraught with technical and methodological challenges. The primary data sources 
include  the  national  colorectal  cancer  screening  registry,  the  regional  hospital  administrative 
databases, and the comprehensive national cancer registry, which holds the definitive staging and 
mortality  data  [21].  Achieving  interoperability  among  these  systems  requires  a  meticulous  data 
harmonization protocol. Unique patient identifiers, suitably encrypted and anonymized to comply 
with stringent ethical and privacy regulations, are utilized as primary keys to link individual records 
deterministically across the various databases. During this linkage process, discrepancies in coding 
standards,  such  as  variations  in  disease  classification  codes  or  procedural  terminology,  are 
systematically  resolved using  standardized mapping algorithms.  Furthermore,  the  harmonization 
phase includes rigorous data cleaning procedures to identify and rectify temporal logical errors, for 
instance,  a  recorded  diagnosis  date  preceding  the  screening  date,  which  often  arise  from 
administrative data entry errors. The culmination of this intricate process is the creation of a unified, 
highly reliable master dataset that perfectly aligns the chronological sequence of events for each 
patient with their comprehensive demographic profiles and final clinical outcomes.

4. Statistical Analysis and Prediction Modeling

4.1 Analytic Framework for Stage Distribution

To  elucidate  the  complex  relationship  between  diagnostic  delays  and  the  resulting  stage 
distribution, a comprehensive statistical and predictive analytic framework is deployed. The primary 
outcome variable is the final pathological stage of the colorectal tumor, treated both as a categorical 
variable and as a dichotomized outcome separating early-stage disease from late-stage disease. The 
predictive modeling relies heavily on multivariable regression techniques designed to handle ordered 
categorical outcomes [22]. These models are constructed to estimate the probability of a patient being 
diagnosed  at  a  specific  cancer  stage  given  a  particular  duration  of  diagnostic  delay,  while 
simultaneously adjusting for a wide array of covariates. By inputting the harmonized registry data into 
these models, researchers can generate predictive probability curves that visually and statistically 
demonstrate the incremental risk of stage progression associated with each additional week or month 
of delay. Additionally, transition models are conceptualized to simulate the biological progression of 
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the tumors, using the population data to estimate the average time required for a typical adenoma or 
early-stage  carcinoma  to  advance  to  a  higher  clinical  stage  under  the  assumption  of  delayed 
intervention.

Figure 2: Conceptual Framework of Diagnostic Delay Impact on Stage Progression

4.2 Handling Confounding Variables and Missing Data

In  any  observational  study  utilizing  large-scale  registry  data,  the  robust  management  of 
confounding variables and missing information is paramount to ensuring the validity of the analytical 
conclusions. Confounders such as patient age, biological sex, pre-existing medical comorbidities, and 
socioeconomic  deprivation  indices  are  systematically  incorporated  into  the  predictive  models  to 
isolate the independent effect of the diagnostic delay interval [23]. For instance, older patients or those 
with severe comorbidities might intentionally face longer diagnostic intervals due to the need for 
extensive pre-procedural medical optimization, which simultaneously impacts their overall prognosis 
independent of the tumor biology itself. Failure to adjust for such variables would result in heavily 
biased estimates.  Regarding the  inevitable  issue of  missing  data,  particularly  concerning specific 
details  like  exact  appointment  cancellation  reasons  or  precise  socioeconomic  status  markers, 
advanced computational techniques are utilized. Multiple imputation strategies are applied, wherein 
missing values are replaced with a set of plausible values based on the distribution of the observed 
data,  thereby  preserving  the  statistical  power  of  the  cohort  and  preventing  the  biases  typically 
introduced by simple listwise deletion methods. 

5. Results and Discussion

5.1 Descriptive Statistics of the Cohort

The  extraction  and  harmonization  of  the  registry  data  yield  a  substantial  analytical  cohort,  
providing a robust foundation for examining diagnostic delays. Preliminary analysis of the descriptive 
statistics  reveals  significant  heterogeneity  in  the  demographic  composition  and  the  temporal 
characteristics of the clinical pathways traversed by the patients. A considerable proportion of the 
cohort  successfully  navigates  the  system within  the  recommended  timeframes,  representing  the 
ideal functioning of the screening program. However, a clinically alarming subset of the population 
experiences prolonged delays extending well beyond the ninety-day threshold. When cross-tabulating 
these  delay  intervals  with  demographic  variables,  distinct  patterns  emerge,  often  highlighting 
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systemic  inequities.  Populations residing in  rural  or  medically  underserved geographical  regions 
demonstrate a markedly higher propensity for experiencing extended diagnostic intervals compared 
to their urban counterparts, primarily driven by logistical barriers and limited localized endoscopic 
capacity [24]. Similarly, individuals falling into lower socioeconomic brackets exhibit longer median 
wait times, underscoring the profound impact of health literacy, occupational flexibility, and financial  
constraints on patient compliance and navigation through complex healthcare systems.

Table 1: Distribution of Colorectal Cancer Stages by Diagnostic Delay Intervals

Stage 0 to 30 Days 31 to 60 Days 61 to 90 Days Over 90 Days

Stage I 45% 35% 20% 10%

Stage II 30% 35% 30% 25%

Stage III 15% 20% 30% 35%

Stage IV 10% 10% 20% 30%

5.2 Impact of Delay Factors on Stage Shift

The predictive modeling and cross-sectional analysis generate compelling evidence detailing the 
deleterious impact of prolonged diagnostic delays on the stage distribution of colorectal cancer. The 
data presented in the analysis clearly articulate a dose-response relationship between the length of  
the diagnostic  interval  and the probability  of  advanced-stage disease.  Patients  who receive their 
diagnostic colonoscopy within the first thirty days following an abnormal screen exhibit a highly 
favorable stage distribution, with the vast majority presenting with early, highly curable localized 
lesions. However, as the delay interval increases, a pronounced and statistically significant rightward 
shift in the stage distribution becomes evident [25]. The proportion of stage one cancers steadily 
diminishes, accompanied by a reciprocal and alarming increase in the prevalence of stage three and  
stage four malignancies. This shift represents a catastrophic failure of the early detection paradigm, as 
the delay essentially nullifies the prognostic advantage initially gained by the screening program. The 
predictive models confirm that delays extending beyond ninety days serve as a critical threshold, after 
which  the  probability  of  nodal  involvement  or  distant  metastasis  escalates  rapidly,  severely 
complicating the required therapeutic interventions and significantly diminishing the likelihood of 
long-term patient survival.

5.3 Discussion of Findings in the Context of Existing Literature

The findings derived from this extensive registry analysis corroborate and substantially expand 
upon the existing body of oncological literature concerning diagnostic delays. While prior smaller-
scale studies have suggested a link between extended wait times and poorer outcomes, this research 
leverages massive population datasets to definitively quantify the temporal thresholds that trigger 
significant stage migration. The observed rightward shift in stage distribution aligns with the biological 
understanding of colorectal adenocarcinoma progression, confirming that the wait time is not merely 
a  period  of  administrative  inconvenience  but  a  window  of  active  disease  advancement.  The 
identification of specific demographic groups disproportionately affected by these delays mirrors 
broader sociological research on healthcare disparities, reinforcing the concept that clinical outcomes 
are deeply intertwined with socioeconomic and geographic determinants. Furthermore, the analysis 
highlights that system-level inefficiencies, such as inadequate endoscopic capacity and fragmented 
referral pathways, are frequently the dominant drivers of prolonged delays, suggesting that patient-
blaming narratives regarding non-compliance are entirely insufficient to explain the breadth of the 
problem. This comprehensive understanding mandates a paradigm shift in how healthcare systems 
manage and monitor their screening pipelines, emphasizing the absolute necessity of integrated care 
coordination.

6. Conclusion and Future Directions

6.1 Summary of Key Findings
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This  comprehensive  academic  investigation  definitively  establishes  the  profound  negative 
correlation between diagnostic delays and the stage distribution of colorectal cancer, utilizing robust, 
population-level  registry  data.  The  meticulous  methodological  integration  of  screening, 
administrative, and cancer registries allowed for the precise quantification of delay intervals and the  
subsequent predictive modeling of clinical outcomes. The analysis unequivocally demonstrates that as 
the  time  interval  between  an  abnormal  screening  result  and  definitive  diagnostic  intervention 
lengthens, there is a substantial, statistically significant shift toward advanced-stage malignancies. 
Delays exceeding ninety days were identified as a critical inflection point, associated with a dramatic  
increase in regional and distant metastatic disease. Furthermore, the study elucidated the complex 
web of patient-level and system-level factors driving these delays, highlighting profound disparities  
based on geography and socioeconomic status. These findings confirm that the prognostic benefits of  
organized colorectal cancer screening programs are fundamentally fragile and highly contingent upon 
the seamless, rapid execution of downstream clinical pathways. 

6.2 Implications for Screening Programs

The  insights  generated  by  this  research  carry  urgent  and  profound  implications  for  the 
administration  and  optimization  of  global  public  health  screening  initiatives.  Policymakers  and 
healthcare administrators must transition from viewing screening simply as a test administration 
process to managing it as a comprehensive continuum of care with strict temporal mandates [26]. 
Systemic interventions are critically needed to expand diagnostic capacity, particularly in underserved 
regions,  perhaps  through  the  training  of  specialized  non-physician  endoscopists  or  the  strategic 
deployment of mobile screening units. Additionally, the implementation of robust, proactive patient  
navigation programs is essential to guide vulnerable populations through the logistical complexities of 
follow-up care, directly addressing the socioeconomic barriers to timely diagnosis. Future research 
endeavors should focus on leveraging real-time data analytics and machine learning algorithms within 
electronic health records to proactively identify patients at high risk of delay, enabling preemptive 
interventions  before  critical  time  thresholds  are  breached.  Ultimately,  ensuring  rapid  diagnostic 
resolution is not merely a metric of systemic efficiency, but a fundamental moral imperative required 
to  maximize  the  life-saving  potential  of  cancer  screening  and  alleviate  the  immense  burden  of 
advanced colorectal cancer on global populations.

References

1. Champaneria, M.C. A Complete History of Breast Reconstruction. In Breast Reconstruction: Art, Science, and New Clinical  

Techniques; Shiffman, M.A., Ed.; Springer International Publishing: Cham, Switzerland, 2016; pp. 3–39.

2. International Society of Aesthetic Plastic Surgery. ISAPS Global Survey 2024; International Society of Aesthetic Plastic  

Surgery: Mt. Royal, NJ, USA, 2024.

3. Global Statistics. Available online: https://www.isaps.org/discover/about-isaps/global-statistics/ (accessed on 6 March 

2026).

4. Geddes, D.T. Inside the Lactating Breast: The Latest Anatomy Research. J. Midwifery Womens Health 2007, 52, 556–563.

5. Yadav, K.; Lewis, R.J. Gatekeeping Strategies for Avoiding False-Positive Results in Clinical Trials With Many Comparisons.  

JAMA 2017, 318, 1385–1386.

6. Savic, R.M.; Karlsson, M.O. Importance of shrinkage in empirical bayes estimates for diagnostics: Problems and solutions.  

AAPS J. 2009, 11, 558–569.

7. Manallack, D.T. The pK(a) Distribution of Drugs: Application to Drug Discovery. Perspect. Medicin. Chem. 2007, 1, 25–38.

8. Gelman, A.; Loken, E. The Garden of Forking Paths: Why Multiple Comparisons Can Be a Problem, Even When There Is No  

“Fishing Expedition” or  “p-Hacking” and the Research Hypothesis  was Posited Ahead of  Time;  Department of  Statistics,  

Columbia University: New York, NY, USA, 2013.



Biomedical and Clinical Medicine   |   https://bcmjournal.org

Vol. 1, Issue 2 (2026) 78

9. de Faria Castro Fleury, E.; Gianini, A.C.; Ayres, V.; Ramalho, L.C.; Seleti, R.O.; Roveda, D. Breast Magnetic Resonance Imaging: 

Tips for the Diagnosis of Silicone-Induced Granuloma of a Breast Implant Capsule (SIGBIC). Insights Imaging 2017, 8, 439–446.

10.  MR  Imaging  of  Extracapsular  Silicone  from  Breast  Implants  Diagnostic  Pitfalls|AJR.  Available  online: 

https://www.ajronline.org/doi/10.2214/ajr.178.2.1780465 (accessed on 6 March 2026).

11. Solvi, A.S.; Foss, K.; von Soest, T.; Roald, H.E.; Skolleborg, K.C.; Holte, A. Motivational Factors and Psychological Processes in 

Cosmetic Breast Augmentation Surgery. J. Plast. Reconstr. Aesthetic Surg. 2010, 63, 673–680.

12. POLYTECH Health & Aesthetics GmbH. Our Breast Implant Series | POLYTECH Health & Aesthetics.  Available online: 

https://polytech-health-aesthetics.com/en/pro/breast-implants/implant-types/ (accessed on 7 March 2026).

13.  Vidya,  R.;  Iqbal,  F.M.  A  Guide  to  Prepectoral  Breast  Reconstruction:  A  New  Dimension  to  Implant-Based  Breast  

Reconstruction. Clin. Breast Cancer 2017, 17, 266–271.

14. Fan, J.; Chen, S.; Chow, E.C.; Pang, K.S. PBPK modeling of intestinal and liver enzymes and transporters in drug absorption  

and sequential metabolism. Curr. Drug Metab. 2010, 11, 743–761.

15. Neyman, J.; Pearson, E.S. On the Problem of the Most Efficient Tests of Statistical Hypotheses. Philos. Trans. R. Soc. London. 

Ser. A Contain. Pap. A Math. Phys. Character 1933, 231, 289–337.

16. Barr, S.; Hill, E.W.; Bayat, A. Functional Biocompatibility Testing of Silicone Breast Implants and a Novel Classification  

System Based on Surface Roughness. J. Mech. Behav. Biomed. Mater. 2017, 75, 75–81.

17. Tanas, Y.; Gasper, G.; Tanas, J.; Swed, S.; De Sario Velasquez, G. Comparative Outcomes of Human Acellular Dermal Matrices 

in Breast Reconstruction: A Systematic Review and Meta-Analysis Framework. Syst. Rev. 2025, 14, 157.

18. Quality of Life and Satisfaction after Breast Augmentation: A Systematic Review and Meta-Analysis of Breast-Q Patient-

Reported  Outcomes—Journal  of  Plastic,  Reconstructive  &  Aesthetic  Surgery.  Available  online: 

https://www.jprasurg.com/article/S1748-6815(24)00351-6/fulltext (accessed on 7 March 2026).

19. Curry, L.; Alrubia, S.; Bois, F.Y.; Clayton, R.; El-Khateeb, E.; Johnson, T.N.; Faisal, M.; Neuhoff, S.; Wragg, K.; Rostami-Hodjegan, 

A. A guide to developing population files for physiologically-based pharmacokinetic modeling in the Simcyp Simulator. CPT 

Pharmacomet. Syst. Pharmacol. 2024, 13, 1429–1447.

20. Hoekstra, R.; Morey, R.D.; Rouder, J.N.; Wagenmakers, E.J. Robust misinterpretation of confidence intervals. Psychon. Bull.  

Rev. 2014, 21, 1157–1164.

21. Jordan, C.; Sosnowski, K.; Shah, R.; Malata, C. Implant Surface Selection in Primary Cosmetic Breast Augmentation: A 

National Cross-Sectional Study of UK Plastic Surgeons. JPRAS Open 2025, 45, 212–224.

22. Peters, S.A. Front Matter. In Physiologically Based Pharmacokinetic (PBPK) Modeling and Simulations; John Wiley & Sons: 

Hoboken, NJ, USA, 2021; pp. i–xxv.

23. Frost, C.E.; Song, Y.; Shenker, A.; Wang, J.; Barrett, Y.C.; Schuster, A.; Harris, S.I.; LaCreta, F. Effects of age and sex on the  

single-dose pharmacokinetics and pharmacodynamics of apixaban. Clin. Pharmacokinet. 2015, 54, 651–662.

24. Motulsky, H.J. Common misconceptions about data analysis and statistics. Pharmacol. Res. Perspect. 2015, 3, e00093.

25.  Rowland,  M.  Physiologically-Based  Pharmacokinetic  (PBPK)  Modeling  and  Simulations  Principles,  Methods,  and 

Applications in the Pharmaceutical Industry. CPT Pharmacomet. Syst. Pharmacol. 2013, 2, e55.

26. Hahn, D.; Emoto, C.; Euteneuer, J.C.; Mizuno, T.; Vinks, A.A.; Fukuda, T. Influence of OCT1 Ontogeny and Genetic Variation  

on Morphine Disposition in Critically Ill Neonates: Lessons From PBPK Modeling and Clinical Study. Clin. Pharmacol. Ther.  

2019, 105, 761–768.


