Al-Enhanced Medical Education Content Creation Framework: A
Systematic Tool Selection and Implementation Guide

Primary Category: Educational Tools (implementation guide and templates)
Also relevant: Professional Development (ready-to-run faculty workshop assets)

Audience:
e Medical-education faculty, course/ clerkship directors, and instructional designers across
UME

e Suitable for teams with varied Al access (enterprise tools only, mixed or personal subscription)
Summary:

Medical educators today face a rapidly expanding and noisy Al landscape with practical questions:
Which tool best fits my specific teaching needs? How do | use Al responsibly while maintaining
educational quality? How do | advocate for appropriate institutional Al resources?

This comprehensive framework provides systematic guidance for medical educators to make
informed Al tool selections, create high-quality educational content and implement effective
workflows while maintaining rigorous standards for accuracy, ethics and student outcomes. (Hale et
al., 2024). Rather than overwhelming faculty with technical complexity, this approach focuses on
matching educational needs with appropriate Al capabilities through a structured, iterative process.

The framework consists of six interconnected steps: (1) identify educational goal, (2) choose content
format, (3) plan deployment, (4) inventory and govern sources, (5) match Al tools to task, and (6) build
a “Create-Convert-Collaborate” workflow (Sikri & Nuguri, 2025). A continuous Human-in-the-loop
validation process ensures accuracy, addresses bias, maintains accessibility, and aligns with learning
objectives throughout the process (Hale et al., 2024).

Directly addressing IACAI’s “dystopian” risks- confusion about Al’s value, uncertainty about curricular
integration, and over-reliance without oversight, this framework advances multiple domains of the
IACAI Matrix for Educators, including Al Foundation Skills (Domain Il), Ethical and Responsible Use
(Domain 1), Al Tools and Resources (Domain IV), Al for Instruction (Domain V) and Curriculum
Optimization (Domain IX) through practical implementation guidance.

The expected impact of this framework is empowering faculty to make confident Al tool selections,

creating more engaging educational content, supporting evidence-informed institutional advocacy,
enhancing self-directed learning, and redirecting saved time toward meaningful student interaction
and educational innovation.

The Educational Challenge: Moving Beyond Al Overwhelm

The International Advisory Committee on Artificial Intelligence (IACAI) has identified significant risks
in medical education’s Al adoption, including widespread confusion about Al best practices,
uncertainty about curricular integration, and potential overreliance on Al systems without adequate
human oversight. Current Al resources typically highlight individual tools without providing systematic



guidance for selection and responsible implementation. Additionally, the faculty report feeling
overwhelmed by Al options, uncertain about appropriate use cases, and unprepared to make
evidence informed requests for institutional Al resource allocation. This framework addresses these
challenges by providing clear decision-making structures, systematic validation processes and
practical implementation guidance that enables responsible innovation while preventing both
confusion and over-reliance on Al systems.

The Framework: Six-Step Iterative Wheel for Al-Enhanced Content Creation

Core Philosophy - Practical Mastery Over Technical Complexity

Medical educators excel by focusing on what matters most: creating meaningful experiences for
students. This framework prioritizes practical application over technical understanding behind Al,
enabling faculty to harness Al’s educational collaborative potential while maintaining content
expertise and pedagogical judgement. (Benjamin et al., 2025)
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Figure 1: Al-Enhanced Medical Education Content Creation Framework.

Six numbered steps form a clockwise iterative cycle: (1) Identify Goal, (2) Choose Format, (3) Plan
Deployment, (4) Inventory Sources, (5) Choose Al tool, (6) Build Workflow (Create — Convert —
Collaborate). Directional arrows indicate continuous and iterative cycle. Human-in-the-Loop



validation encircles the entire process, emphasizing continuous oversight for accuracy, bias
mitigation, accessibility and alignment with educational objectives.

The Reality of Al-Enhanced Teaching

Effective use of Al in education is inherently iterative- a process of refining, adapting and improving
based on real outcomes and student feedback. Rather than expecting perfect results immediately,
successful educators embrace cycles of creation, validation and enhancement. This framework
supports this natural teaching process with systematic guidance and human oversight at every step.

The Six Steps: Detailed Implementation Guide

Step 1: Identify Your Educational Goal

(IACAI Domain V Alignment: Al improves teaching methods, supporting critical thinking and medical

decision-making)

Begin by clearly defining a specific educational outcome. Successful Al implementation starts with

clarity about what we want to achieve:

1. Assessment creation: Formative assessments for real-time learning feedback; summative
evaluations aligned with course learning objectives and self-assessment tools for student
reflection and practice

2. Instructional content development: Interactive lecture material; case-based learning scenarios;
clinical vignettes; simulation exercises and procedural training content

3. Student learning resources: Comprehensive study guides; interactive learning tools and decision
trees and multimedia explanation of complex concepts

4. Faculty developmenttools: Curriculum mapping; gap analysis systems; learning analytics;
student performance dashboards and collaborative course planning and assessment tools

5. Student support systems: Al powered tutoring; Q and A chatbots; 24 x 7 academic support and
resource navigation

Step 2: Choose the Content Format

(IACAI Domain V Alignment: Al improves teaching methods, supporting critical thinking and medical

decision-making)

Select the optimal format based on your educational goal, target learners and available resources:

1. Text-based content like structured handouts, comprehensive study guides, learning modules,
assessment items and quiz questions with detailed explanations

2. Audio content like podcasts, audio summaries, voice-over narrations for visual content and audio-
based case discussions

3. Video content like lecture recordings, instructional demonstrations, patient scenario simulations
and animated explanations of complex physiological processes

4. Interactive content like decision trees, branching scenarios, self-paced learning modules with
immediate feedback and chatbots

5. Mixed media experiences like integrated assessments with feedback system and multi-modal
learning experiences for diverse learning preferences

Step 3: Plan Deployment Strategy

(IACAI Domain IV Alignment: Institutions adapt to new Al tools and processes evaluating their
strengths, biases and limitations, while promoting equitable access to credible and reliable
resources)

Determine how learners will access and interact with your content while considering institutional
access and technical requirements:



1. Learning management system integration for direct uploads of documents, videos and audio files
and embedded interactive content through iframe (inline frame) integration

2. Institutional platform utilization to host custom GPTs and Al assistants and Microsoft Copilot
integration for Office 365 environments

3. Web-based hosting solutions like GitHub pages for simple web applications and interactive
content and institutional web servers for more complex applications

4. Traditional format distribution including PowerPoint presentations with embedded Al-generated
content, PDF documents for offline access and Word documents for collaborative editing and
feedback

5. Mobile and accessibility considerations for responsive designs ensuring functionality across
devices and screen reader compatibility

Technical considerations: Medical educators work within institutional constraints and may not have
access to instructional designers with advanced technical skills. This framework provides practical
guidance for common scenarios while offering pathways for those interested and with access for
more sophisticated implementations.

Step 4: Inventory and Govern Resources
(IACAI Domain Ill Alignment: Strong ethical frameworks guide responsible Al use in medical
education, focusing on academic integrity, transparency and privacy)
Systematically organize and evaluate content foundation while ensuring compliance with privacy,
intellectual property and ethical standards
1. Educational source materials
Personal teaching materials including lecture notes, slides and handouts
Educational standards and guidelines from NBME, AAMC and specialty boards
Curriculum frameworks and accreditation requirements

e Learning objectives and competency-based assessment criteria
2. Evidence-based medical content

e Peer-reviewed journal articles and systematic reviews
Clinical practice guidelines
Current and emerging medical knowledge

e Case studies and clinical scenarios from approved sources
3. Multimedia and assessment resources

e Deidentified medical images, laboratory results and diagnostic data

e Simulation scenarios and standardized patient interactions

e Video demonstrations and procedural documentation

Privacy and compliance verification: Remove all protected health information and personal
identifiers. Verify intellectual property rights and usage permissions. Ensure compliance with
institutional and federal regulations. Attribute and cite sources wherever possible.

Quality assurance: Verify accuracy of all medical information. Cross-reference with authoritative
sources and guidelines. Validate cultural sensitivity and inclusive language.

Ethical foundation: Source quality directly impacts Al output quality and educational integrity.
Comprehensive source curation and governance prevents misinformation, protects privacy and
maintains the standards of medical education.



Step 5: Match Al Tool to Specific Task

(IACAI Domain Il Alignment: Medical educators are literate in Al technologies, developing their Al skills
to enhance teaching, research and clinical decision-making. IACAI Domain IV Alignment: Institutions
adapt to new Al tools and processes evaluating their strengths, biases and limitations, while
promoting equitable access to credible and reliable resources)

Pick one tool or a simple chain of two that best fits the specific task, governance restraints and
timeline. We do not need “the best” model overall; we need the “right-fit” model for the job. As noted
by Benjamin et al. (2025), effective Al integration requires understanding each tool’s strength and
limitations rather than random application.

Tool Access tiers (as of 2025) Notable strengths and limitations
Microsoft Organization managed e Inherits Microsoft 365 security/ compliance and
Copilot enterprise subscriptions runs where faculty are already working

e Advanced coding or web-style interactivity
needs a second tool
e “Visual Creator” agent generates images well

ChatGPT e Free e |[nstitutional access blocked/ restricted/ not
(OpenAl) e Individual paid supported
e Enterprise e Paid versions have excellent reasoning and

complex task fulfillment capability
e Strong drafting and analysis
e Featuresvary by plan

ClaudeAl e Free e High-quality long context reasoning
(Anthropic) | e Max e Popularfor code generation and multi-step
e Team transformation

e Enterprise

Gemini e Consumer e “Deep Research” and web corroboration options
(Google) e Workspace in premium plans

e Strong multi-modal and Google ecosystem ties

e Powers NotebookLM (source-grounded note-

taking assistant)

A quick cheat-sheet for choosing tool(s)

1. Stay governed (institutional controls) — start where faculty already work like Microsoft Copilot.
Export and finish in Claude or ChatGPT for code or web interactivity and then bring back to
Microsoft 365 for packaging

2. Strictly source-bound — NotebookLM powered by Gemini to create summaries/ FAQs/ scripts from
your curated files to refine/ format in ChatGPT or Claude

3. Need a smallinteractive output — Claude or ChatGPT (Canva mode) to generate a single-file
HTML/ JavaScript activity and link it/ embed itin the LMS

4. Need current corroboration — Gemini for a focused “Deep Research” pass; document sources and
run human-in-the-loop accuracy checks

5. Build a quick tutor—Seed a custom GPT or Copilot with knowledge files and instructions or share
a NotebookLM notebook for bounded answers



Bias and Equity Considerations: All Al tools have inherent biases based on training data. Critical
evaluation includes assessing representation across demographics, validating cultural sensitivity and
ensuring equitable access to Al-enhanced educational resources.

Step 6: Build Workflow Using the 3C Framework (Sikri & Nuguri, 2025)

(IACAI Domain V Alignment: Al improves teaching methods, supporting critical thinking and medical
decision-making)

Create: Initial content generation

Select your optimal Al tool based on Steps 1-5. Develop structured, goal-aligned prompts that specify
learning objectives, target audience, format requirements and quality standards. Generate multiple
content iterations to compare approaches and identify the most effective outputs. Document
prompts and processes for future replication and improvement

Convert: Enhancement and Adaptation

Refine initial Al outputs using complementary tools and human content expertise. Adapt content
format for optimal deployment platform integration. Integrate multimedia elements, interactive
features and assessment components. Optimize for accessibility, mobile compatibility and diverse
learning preferences. Ensure technical functionality across institutional systems and student devices

Collaborate: Validation and Improvement

Implement systematic peer review process with subject matter experts. Conduct pilot testing with
representative student groups. Gather quantitative and qualitative feedback on content effectiveness
and usability. Document lessons learned and best practices for institutional knowledge sharing.
Establish continuous improvement cycles based on learning analytics and outcome data.

Multi-tool integration strategies

1. Sequential workflows: Source organization with NotebookLM - content creation with Claude 2>
deployment on institutional LMS

2. Parallel processing: Initial drafting with ChatGPT - fact verification by deep research on Gemini
- combined refinement - final output

3. lterative enhancement: Initial creation = peer feedback - Al-assisted revision based on feedback
- student testing - final implementation

Human-in-the-Loop Validation: Continuous Quality Assurance

(IACAI Domain Il Alignment: Strong ethical frameworks guide responsible Al use in medical

education, focusing on academic integrity, transparency and privacy)

e Content accuracy and medical validity: Cross-reference all medical facts with authoritative
sources and current guidelines. Verify numerical data, dosage and current clinical
recommendations. Validate diagnostic criteria and treatment protocols.

e Educational alignment and effectiveness: Confirm that the content supports the stated learning
objectives and competency requirements. Assess appropriate cognitive load and complexity for
target learners. Verify alignment with curriculum sequencing and pre-requisite knowledge.

e Bias detection and equity assurance: Before deployment of content, analyze the language for
cultural sensitivity and inclusive representation. Identify potential stereotypes or inappropriate
generalizations. Ensure diverse examples are included across the content.

e Privacy and ethical compliance: Ensure removal of all protected health information and
personalidentifiers. Verify compliance with HIPAA, FERPA and institutional privacy policies.
Ensure proper intellectual property attribution and usage rights.



e Technical functionality and accessibility: Test the functionality of content across multiple
devices and browsers. Verify screen reader compatibility. Validate color contrast and visual
accessibility standards.

e Institutional policy alignment: Confirm compliance with accreditation requirements and
standards. Verify alignment with institutional values and educational philosophy. Document the
processes for institutional review and approval workflows.

Framework in Action- Neoplasia Education Suite Exemplar

The following implementation by the author demonstrates the six-step framework creating multiple
educational resources through one systematic workflow.

The Challenge
New learners of oncology often struggle with the concepts of hallmarks of cancer, tumor
nomenclature and how to apply them in organ-systems to derive their features.

Framework Implementation

Neoplasia Education Suite Exemplar
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Figure 2: Neoplasia Education Suite Implementation. This real-world example demonstrates the
complete six-step framework creating multiple educational resources (podcast, interactive exercise,
Al tutor, study notes) from a single source base through systematic Al tool selection and human
validation



Step 6: The Workflow (see Appendix A titled “Neoplasia Education Suite”)

CREATE (Part A)

1.

Open Google NotebookLM and create a new notebook titled “Basics of Neoplasia”.

2. Upload the sources in the new notebook.

3. Input prompt - Create comprehensive study notes on tumor nomenclature rules and cancer
hallmarks from uploaded sources. You are an experienced pathology educator with 15 years of
medical school teaching, skilled at making complex concepts accessible while maintaining
scientific accuracy. Design this for first-year medical students with completed cell biology
coursework learning neoplasia for the first time. Generate an 8-10 page structured study guide
with clear headings, bullet-pointed key concepts, specific tumor examples, highlighted
memory aids, and common misconception callouts, plus 3-5 self-assessment questions. The
goal is synthesizing complex tumor classification and cancer biology into an accessible
learning resource that builds foundational competency and supports NBME-style assessment
success.

4. Iterative prompting as needed

5. Save note and share as PDF

CREATE (Part B)

1. Click on “Audio Overview” and then click on “Customize”. Input prompt - “Generate a 10-
minute conversational podcast explaining cancer hallmarks for first-year medical students
learning neoplasia for the first time. Use an engaging, educational tone and highlight the
importance of knowing the hallmarks no matter which specialty the students end up
choosing.”

2. lterative prompting as needed

3. Download the mp3file.

4. Share on LMS or Spotify channel, as applicable.

CONVERT (Part A):

1. Open ClaudeAl and upload comprehensive study notes

2. Input prompt - Create an interactive HTML/JavaScript exercise for tumor nomenclature
classification. You are an educational technology developer with expertise in medical
education and web-based learning tools, designing for first-year medical students learning
tumor classification. Generate a single-file HTML application with immediate feedback,
progress tracking, and mobile compatibility to provide hands-on practice with tumor
nomenclature rules in an engaging format.

3. ClaudeAl will open it as an “Artifact” within its interface to preview the exercise

4. Iterative prompting as needed

5. Copy and paste the code into a Notepad file. Save it as “index.html” (important: use this exact
filename)

6. Open a GitHub account and click the green “New” button on top left

7. Add arepository name like “tumor-nomenclature-exercise”

8. Setvisibility as “public” and click “Create Repository”

9. Click “upload an existing file” to upload “index.html” file and click on “Commit changes”

10. Open “Settings” > “Pages” > “Build and Deployment”

11.Under “Source” — “Deploy from a branch” and then under “Branch” - choose “main” and “save”

12. GitHub provides a live URL

13. Share URL or create an iframe to embed in LMS



CONVERT (Part B)

Refer to Twelve tips on creating and using custom GPTs to enhance health professions education by
Masters et al (doi 10.1080/0142159X.2024.2305365) to create a custom GPT. Upload NotebookLM-
generated saved note and source materials in “Knowledge Base”. Share link on LMS.

COLLABORATE:
1. Faculty review for content expertise, educational specialist review for pedagogical
effectiveness and IT department review for technical support
2. Student pilot testing with a focus group to gather feedback on usability and learning
effectiveness.

Human-in-the-Loop Validation -
e Confirm with content expert (board-certified pathologist)

e All content mapped to course learning objectives

e Proper citation of all sources

e Content supports active learning and critical thinking development

e Audiois clear and within prompted duration

e Interactive element of the exercise is functional and pedagogically sound

e Custom GPT conversations are medically accurate and follow the instructions provided
e All content generated seamlessly integrates with the chosen delivery platform

Informal preliminary feedback -

e “The podcast was very straightforward and used a lot of question/answer formatting which made
it easier to think about what was really being discussed. It also doesn’t sound super robotic which
was nice.” (Third-year medical student)

e “The chatbot was very helpful and brought the concepts down to the basics, even for me!”
(Clinical course director)

e “lam building names with this...finally papilloma made sense!” (Second-year medical student)

The Editing Mind — Why Editing is More Efficient Than Creating

Medical educators possess deep subject matter expertise, pedagogical knowledge and
understanding of learner needs- capabilities that Al cannot replicate (Hale et al., 2024) (Benjamin et
al., 2025). The most effective Al integration leverages this expertise and involves:

1. Starting with an Al generated draft that provides an outline, a structure and some initial content,
no matter how accurate or inaccurate

Applying medical expertise to validate, correct and enhance accuracy

Using pedagogical knowledge to optimize content for learners and learning objectives
Incorporating institutional context

Adding personal teaching style and relationship-building elements

abhoobd

Use the following guidelines for a prompt template and save all iterative prompts for further use. (see

Appendix B titled “Sample prompts based on TRACI framework”)

e T=Task: Clearly define in precise and unambiguous language what you want the Al to accomplish.
It should be concise and feasible for the Al to accomplish.


https://doi.org/10.1080/0142159x.2024.2305365

e R=Roles: Instruct the Al to adopt a role with specialization and a defined expertise. Provide any
relevant bio traits, or history, and clearly indicate the guiding ethics. Also mention the
communication style preference.

e A= Audience: Identify target learners and appropriate educational level.

e C=Create: Request specific deliverable format and structure. Include length, duration, any
categorization, division into sections or components.

e |=Intent: Explain the educational purpose and desired learning outcomes. Align with the Task and
the Create components above.

Rather than expecting Al to generate perfect content from scratch, use Al as a “crutch” to accelerate
and enhance existing expertise. This approach treats Al as a sophisticated research assistant, and
first-draft generators and human educators provide the critical thinking, medical expertise and
educational pedagogy.

This framework transforms medical educators from overwhelmed observers of Al technology into
confident practitioners who can systematically harness Al’s power while maintaining educational
excellence. Implementation begins with faculty adoption and scales through institutional support for
widespread educational innovation.
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Appendix A: Neoplasia Education Suite

Audio Overview
https://open.spotify.com/episode/5P961g)JDd0u5a66W2BGNHb?si=TVOWXtwmSQy7GOImFBVadQ
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ﬂ The Fiery Eight (and counting) - Hallmarks of...

Everything is Inflammation
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Tumor Nomenclature Interactive Exercise

https://deesikri.github.io/neoplasm-nomenclature/

£ Tumor Nomenclature Interactive Exercise

Learn How Tumors Are Named Based on Their Characteristics

Instructions: Select the tissue type, behavior (benign/malignant), and growth patter (for epithelial tumors) to see how the
tumor is named

© Select Tissue Type
() Epithelial

O Adipose (Fat)

(J Bone

() Cartilage

O Smooth Muscle

(U Skeletal Muscle

() Melanocyte

O Lymphoid

() Hematopoietic

Comprehensive study notes

NEOPLASIA: Unraveling the Language and Characteristics of Cancer
A Study Guide for First-Year Medical Students

Welcome, Future Physicians!

As you embark on your journey through medicine, understanding the fundamental principles of
disease is paramount. Few diseases carry the weight and complexity of cancer. Today, it impacts
nearly everyone, whether directly or through someone they know. The journey to comprehending
cancer is intertwined with the history of humanity itself, with records dating back to ancient Egypt
documenting "untreatable" cases of breast cancer and fossilized remains showing bone cancers.
As young doctors in training, it is imperative that you become well-versed in the language and
understanding of cancers. Whether your future role involves diagnosing or treating these conditions,
the underlying pathology will remain a central pillar of your training. This study guide is designed to
equip you with the foundational vocabulary and concepts of neoplasia and the defining
characteristics that enable cancer to thrive. We will break down complex ideas into manageable,
accessible learning points, drawing directly from the essential texts you've been provided.


https://open.spotify.com/episode/5P96IqJDd0u5a66W2BGNHb?si=TVOWXtwmSQy7GOImFBVadQ
https://deesikri.github.io/neoplasm-nomenclature/

Let's begin to learn this new language together!

Part 1: Neoplasia Fundamentals & Nomenclature
1.1 What is Neoplasia?

The word "neoplasia" literally translates to "new growth". At its core, neoplasia is a consequence of
genes that have gone rogue, undergoing fundamental "mutations”.

Imagine a normal cell, diligently performing its tasks and multiplying only when instructed by a
specific stimulus, such as during tissue repair or growth. It possesses sophisticated self-regulated
growth mechanisms at a genetic level, including in-built checks and balances on proliferation and
machinery to correct DNA replication errors.
Now, picture a neoplastic cell. This cell has lost all self-regulation at one or more levels. It might
have initially started multiplying due to a stimulus, but it continues to grow relentlessly, even after
the stimulus has vanished. All the normal checks on proliferation are gone, and critical mistakes
during DNA replication go uncorrected, leading to the accumulation of further "mutations”.

Key Concepts of Neoplasia:
¢ Anew, abnormal, and uncontrollable growth of cells.

¢ Itis not needed by the body.

o Arises due to a genetic change that originates within a single "rogue" cell.

e Genetic changes are mostly acquired but can sometimes be inherited.

o There's a significant interplay between environmental and hereditary factors that causes a cell

to lose self-control.

Memory Aid: Think of "Neoplasia" as a "cellular rebellion" where one cell goes rogue and recruits
others to grow uncontrollably, ignoring all internal rules and external signals.

1.2 Distinguishing Between Benignh and Malignant Neoplasms

The abnormal growth we call "neoplasia"” often forms a swelling, which is termed a "tumour". In
medical terms, "neoplasia” refers to the concept of new growth, while "neoplasm" refers to the actual
growth itself. Neoplasms are broadly categorized into two main types: benign and malignant.

Feature
Growth Rate

Boundaries &
Invasion

Spread
(Metastasis)

Resemblance
to Origin

Impact on Body

Benigh Neoplasms
Do not grow very fast.

Respect boundaries; do not
invade normal adjacent
tissues.

Do not spread to far-off places
in the body.

Tend to resemble the tissue
they arise from.

Less stress on the patient's
body; clinical manifestations
are mostly related to the site of
the tumour.

Malignant Neoplasms (Cancers)
Grow rapidly.
Do not respect boundaries; invade

everything in sight (stroma, blood vessels,
lymphatic channels, nerves).

Can spread and reach far-off organs in the
body, away from the original site.

Can show a spectrum of resemblance, from
well-differentiated (more resemblance) to
poorly or undifferentiated (less/no
resemblance).

Puts a lot of stress on the body; deprives
normal cells of nutrition and energy;
significant weight loss and lowered
immunity, in addition to site-specific
symptoms.



Called "Cancers" due to their "crab-like
Naming Often described as "kindly". extension" into surrounding tissue. Conveys
something "evil or malicious".

Common Misconception: All "tumours" are cancer. FALSE! The term "tumour" simply means a
swelling or mass. It can be either benign or malignant. Only malignant tumours are referred to as
"cancers".

1.3 Rules for Tumor Nomenclature (Naming)

In oncology, the study of cancers, a common system is used to name neoplasms. This involves
combining a prefix that typically denotes the type of cell or tissue from which the neoplasm
originated, or sometimes an architectural pattern, with a suffix. The universal suffix for all
neoplasms/tumours is "-oma".

A. General Naming Principle:

e Prefix (Cell/Tissue Type or Architectural Pattern) + Suffix (-oma).

o Example: Atumour arising from fat cells (adipocytes) is called a "Lipoma".

o Example: Atumour where cells form finger-like projections (papillae) is called a "Papillary
tumour”.

B. Specific Naming Conventions:
1. Benign Epithelial Tumours:

o Generalterm: "Adenoma" (adeno- gland, oma- tumour), even if not always glandular.
o Can be prefixed with architectural arrangement:
= Papillary Adenoma (cells forming papillae, e.g., in kidney).
= Papilloma (similar to papillary adenoma, e.g., in breast).
= Cystadenoma (adenoma with cysts, e.g., in ovary).
2. Malignant Epithelial Tumours:
o Generalterm: "Carcinoma".
o Can be prefixed with architecture or epithelial cell type:

= Squamous Cell Carcinoma (composed of squamous epithelial cells, e.g., in skin;
can add "keratinizing" if keratin is produced).

= Papillary Carcinoma (carcinoma cells form papillae, e.g., in thyroid).
= Adenocarcinoma (carcinoma cells form glands, e.g., in gastrointestinal tract).
3. Benign Mesenchymal Tumours:
o Named according to the tissue of origin, with the "-oma" suffix.
o Lipoma (from fatty tissue/adipocytes).
o Osteoma (from bone).

o Chondroma (from cartilage).



o Myoma (from muscles).
= Leiomyoma (from smooth muscles).
= Rhabdomyoma (from skeletal muscles).
4. Malignant Mesenchymal Tumours:
o Generalterm: "Sarcoma".
o Prefixed with the tissue of origin:
= Liposarcoma (malignancy of adipocytes).
= Osteosarcoma (malignancy of bone).
» Chondrosarcoma (from cartilage).
» Leiomyosarcoma (from smooth muscles).
= Rhabdomyosarcoma (from skeletal muscles).

C. Other Important Terms:
¢ Melanoma: Malignant tumour of melanocytes.

¢ Lymphoma: Malignant tumour of lymphoid cells.

o Leukemia: Malignant tumour of hematopoietic cells that circulate in the blood ("leuk-" white,
"emia" in blood).

¢ Polyp: A descriptive term for any mass that protrudes outside or into a lumen (an "exophytic"
growth). It can be epithelial or mesenchymal, benign or malignant, and may have a stalk
("pedunculated") or not ("sessile").

Patient Case Connection: The 65-year-old man had a diagnosis of gastric adenocarcinoma. Based
on our nomenclature rules, "adenocarcinoma" tells us it's a malignant epithelial tumour where the
cells form glands, originating in the stomach (a glandular organ). This immediately indicates itis a
cancer.

1.4 Dysplasia, Differentiation, and Anaplasia

These are three critical terms for understanding the microscopic features and progression of
neoplastic diseases.

A. Dysplasia:

o Definition: "Dys" (bad) + "Plasia" (formation/growth) = bad or disordered formation of cells.

e Location: Classically described in epithelial tissues.

e Appearance: It doesn't appear as a visible growth, but the involved tissue might look different
grossly. Histologically, it's characterized by a chaotic, disorganized appearance.

« Normal Epithelial Tissue (Recap): Normally, epithelial tissue has a beautifully orchestrated
layering. A basement membrane is at the bottom, topped by a germinative layer of mitotically
active cells. As cells mature, they move upwards, showing a gradation in size (smaller, larger



nuclei at bottom; larger, smaller nuclei at top). Nuclei are nicely oriented towards the basement
membrane (polarization), giving an organized look.

« Contrast with Adaptation: Remember that hyperplasia (increase in cell number) and metaplasia
(change in cell type) are reversible adaptations to injury, where cell growth is still well-regulated.
Dysplasia, however, is a step beyond adaptation.

o Dysplastic Changes (Histological Hallmarks):
o Chaotic Multiplication: All cells in all layers begin to multiply, not just the basal layer.

o Nuclear Changes: Nuclei become darker ("hyperchromatic") and show variations in
shape and size ("nuclear pleomorphism").

o Loss of Polarity: Nuclei lose their normal orientation towards the basement membrane.

o Disordered Architecture: The tissue loses its sense of normal architecture and looks
disorganized.

e Clinical Examples:
o Chronic irritation from smoke in bronchi can lead to squamous metaplasia, then dysplasia.

o Acid reflux from the stomach into the esophagus can cause columnar metaplasia, then
dysplasia.

o Cervical epithelium infected by human papillomavirus (HPV) can undergo dysplasia.
e Progression & Significance:
o Dysplasia caninvolve only a part or the entire thickness of the epithelium.

o As more layers are involved, its chance of reversibility decreases, and the risk of neoplasia

increases.
o When the entire thickness becomes dysplastic, it's called "carcinoma in situ" (CIS).

= "Insitu" means "in its original place". This signifies that the cells are dangerous
(carcinoma means malignancy of epithelial cells), but they are still confined and
"holding on to the basement membrane".

* Crucial Point: The moment these cells invade the basement membrane and enter
the underlying stroma, the carcinoma in situ becomes a full-blown invasive
malignancy (carcinoma).

o Identifying CIS is extremely important because it offers a large window of time for
treatment before it becomes invasive cancer, significantly improving prognosis. While mild
dysplasia might regress, severe dysplasia or CIS rarely reverse and almost always progress
to invasive carcinoma, and thus are treated as if they are cancer.

B. Differentiation:



« Definition: Differentiation is the extent to which tumour tissue resembles normal tissue at
morphological, functional, or genetic levels.

o "Better differentiation" means more resemblance.
o "Poorer differentiation" means less resemblance.
e Benign vs. Malignant:

o Benign tumours are typically well-differentiated. They resemble normal cells so closely
that distinguishing them from normal tissue might only be possible by observing their
growth as a mass.

o Malignant tumours exhibit a full spectrum of differentiation: from well-differentiated to
so poorly differentiated that the tissue of origin or the form of the tumour cells may be
unrecognizable.

e Aggressiveness:
o Well-differentiated malignancies are generally less aggressive.

o Poorly or undifferentiated malignancies are very aggressive and often challenging to
treat.

C. Anaplasia:
o Definition: "Ana" (backward) + "Plasia" (formation) = reversal of a cell back to its primitive form.

« Hallmark of Malighancy: It represents the loss or lack of differentiation. An anaplastic cellis so
undifferentiated that it cannot be recognized.

e Aggressiveness: Atumour with anaplastic features is considered poorly differentiated or
undifferentiated and is an aggressive malighancy without doubt.

Memory Aid:
e Dysplasia: Disordered growth (like a messy room). Can be reversible.

+ Differentiation: How much a cancer cell "looks like" its normal parent cell. Good resemblance =
well-differentiated. Bad resemblance = poorly differentiated.

e Anaplasia: Lost all resemblance (like a child who completely disowns their parents!). Always
malignant and aggressive.

Grading of Cancers: The degree of differentiation, along with other histological parameters, is used
to assign a "GRADE" to cancers. Well-differentiated tumours are considered low grade, while poorly
or undifferentiated tumours (including those with anaplasia) are high grade. Grading reflects the
biological aggressiveness of the tumour.

1.5 Metastasis: The Spread of Malighancy

One of the most defining and concerning features of malighant tumours is their ability to invade and
spread. This means tumour cells can leave their original site, travel, and establish new, physically
discontinuous deposits elsewhere in the body. This process is called "Metastasis" (from Greek,
meaning "to rapidly change or become something else"). These new deposits are often called
"secondaries," while the original tumour is the "primary".



Why do malighant cells metastasize? Malignant cells possess a deranged genome and abnormal
protein expression that directly aids their movement and ability to settle in new locations.
Pathways of Metastasis (Patterns of Spread):

1. Lymphatic Spread:

o

Tumour cells break through the basement membrane, invade the stroma, and then enter a
lymphatic vessel.

They travel through the lymphatic drainage system, often first reaching the "Sentinel"
lymph node.

= The sentinel lymph node is the "first" lymph node to receive lymphatic drainage
from a specific tumour site, acting like a "gatekeeper".

» Clinical Significance: A biopsy of the sentinel lymph node is crucial for determining
how far the cancer has spread. If malignant cells are found here, it suggests the
cancer has reached the lymphatic system and may have spread further. This guides
the type of surgery; for instance, if breast cancer involves the sentinel node, a
radical mastectomy (removal of breast, regional lymph nodes, sometimes chest
wall) may be performed, along with radiotherapy/chemotherapy. If negative, a less
extensive surgery (e.g., mass excision) may suffice.

2. Hematogenous (Bloodstream) Spread:

@)

Malignant cells can invade blood vessels, especially thin-walled small veins. Lung cancer
cells can even enter the pulmonary arterial circulation.

Additionally, lymphatic vessels eventually join the venous system, providing another route
for tumour cells to enter the bloodstream.

Common Target Organs: The two most frequently involved organs for hematogenous
spread are the lungs and liver. This is because they are major sites that receive blood flow,
the lungs via caval circulation and the liver via portal circulation.

Impact: While lymphatic spread often causes more local spread, hematogenous spread
can lead to widespread and distant dissemination, significantly worsening the disease
course.

Clinical Relevance: Sarcomas (malignant mesenchymal tumours) typically show
hematogenous spread. Metastatic deposits in distant organs can be the first sign of
cancer in a patient. Therefore, a full-body check-up, with a focus on expected sites of
metastasis, is routinely performed for newly diagnosed cancer patients to better plan
treatment.

= Example 1: Colorectal cancer invading a vein can reach the liver via portal
circulation, forming secondary deposits and compromising liver function.

= Example 2: Prostate cancer cells can enter veins and travel to lumbar vertebrae via
the paravertebral plexus, causing bone pain and pathological fractures.



Staging of Cancers: Beyond grading (which assesses differentiation histologically), staging is a
system used to assign a "stage" to cancers based on their anatomical extent and spread. This
holistic assessment, including involvement of regional lymph nodes and distant secondary deposits,
forms the basis of treatment planning.

Part 2: The Hallmarks of Cancer

The "Hallmarks of Cancer" provide a conceptual framework to understand the complex behaviors of
diverse human tumour types. Proposed by Bob Weinberg and Douglas Hanahan, these hallmarks
represent a set of functional capabilities that human cells acquire as they transition from normalcy
to malignant growth. Think of them as the "superpowers" that cancer cells develop to survive, grow,
and spread.

Initially, six hallmark capabilities were proposed, which later expanded to eight. These capabilities are
broadly engaged across the spectrum of human cancers.

2.1 The Eight Core Hallmarks of Cancer

The current formulation of core hallmarks includes eight distinct capabilities:

1. Sustaining Proliferative Signaling: Cancer cells gain the ability to continually signal to

themselves to grow and divide, independent of normal growth signals.

2. Evading Growth Suppressors: Normal cells have built-in brakes to stop uncontrolled growth.
Cancer cells bypass these inhibitory signals and mechanisms.

3. Resisting Cell Death: Cells have programmed pathways to die (apoptosis) if they are damaged or
abnormal. Cancer cells acquire mechanisms to resist these death signals, ensuring their survival.

4. Enabling Replicative Immortality: Normal cells have a limited number of divisions. Cancer cells
overcome these limits, becoming immortal and able to divide indefinitely.

5. Inducing/Accessing Vasculature: Tumours need nutrients and oxygen to grow beyond a tiny size.
Cancer cells can induce the formation of new blood vessels (angiogenesis) or co-opt existing ones
to ensure their supply, effectively building their own infrastructure.

6. Activating Invasion & Metastasis: As we discussed, cancer cells gain the ability to break away
from the primary tumour, invade surrounding tissues, and spread to distant sites in the body.

7. Reprogramming Cellular Metabolism: Cancer cells alter their metabolic pathways to support
rapid growth and proliferation, often favoring inefficient but fast energy production.

8. Avoiding Immune Destruction: Our immune system is designed to detect and eliminate
abnormal cells. Cancer cells develop strategies to escape detection and destruction by the body's
immune surveillance.

Memory Aid: The eight core hallmarks can be thought of as cancer's "survival kit": always growing,
ignoring brakes, never dying, living forever, getting food/oxygen, moving out, changing diet, and hiding
from the police.

2.2 Enabling Characteristics

Beyond the core hallmarks, cancer pathogenesis also involves "enabling characteristics". These are
conditions or processes that provide the means by which cancer cells can acquire and manifest the
functional hallmark traits. The initial two enabling characteristics were:



. Genome Instability & Mutation: The inherent instability of the cancer cell's genome leads to an

increased rate of mutations, which drives the acquisition of hallmark capabilities. This is a
fundamental component of cancer formation.

Tumor-Promoting Inflammation: Chronic inflammation within the tumour microenvironment can
contribute to tumour development and progression.

2.3 New Dimensions: Proposed Hallmarks and Enabling Characteristics

Cancer research is continuously evolving. Recent insights suggest additional features that may be
broadly applicable across human cancers and warrant consideration as new hallmarks or enabling
characteristics. These "prospective new dimensions" are important areas of ongoing research and

understanding.

A. Unlocking Phenotypic Plasticity (Proposed New Hallmark Capability)
Concept: Normal cells undergo terminal differentiation, often irrevocably stopping growth and

performing specialized functions. This differentiation is a barrier to uncontrolled proliferation.

Unlocking phenotypic plasticity means cancer cells can evade or escape this terminally
differentiated state, which is critical for cancer pathogenesis.

Mechanisms of Plasticity (Fig. 2):

1. Dedifferentiation: Mature, differentiated cells revert "back to progenitor-like cell states"
that are capable of proliferation.

Example: In colon carcinogenesis, incipient cancer cells escape terminal
differentiation by dedifferentiating or blocking differentiation of progenitor/stem
cells.

Example: In aggressive malighant melanoma, suppression of the MITF master
regulator leads to a reappearance of neural crest progenitor genes, showing mature
melanocytes dedifferentiating during tumorigenesis.

Example: In pancreatic islet cell neoplasias, progression to invasive carcinomas
involves a first step of dedifferentiation towards embryonic islet cell precursors.

2. Blocked Differentiation: Incompletely differentiated progenitor cells are "frozen" in a

proliferative, progenitor-like state, unable to fully mature into non-proliferative,

differentiated cells.

Example: Acute Promyelocytic Leukemia (APL) results from a chromosomal
translocation (PML-RARa fusion) that blocks myeloid progenitor cells from
differentiating into granulocytes, trapping them in a proliferative stage. Retinoic acid
therapy can induce these cells to differentiate, stopping their expansion.

Example: In another form of acute myeloid leukemia with a t(8;21) translocation,
the AML1-ETO fusion protein blocks differentiation. HDAC inhibitors can induce
differentiation and reduce proliferation.

Example: In some melanomas, aberrantly maintained SOX10 expression blocks
differentiation of neural progenitor cells, enabling melanoma formation.



= Example: In some liver cancers, mutations in IDH1/2 lead to the production of an
"oncometabolite" (D-2-hydroxyglutarate) that blocks hepatocyte differentiation,
keeping progenitor cells in a proliferative state susceptible to transformation.

3. Transdifferentiation: Cells committed to one differentiation pathway "switch to an
entirely different developmental program," acquiring traits not predetermined by their
normal cell-of-origin.

=  Example: In Barrett's esophagus, chronic inflammation in the esophagus causes
sgquamous epithelium to transdifferentiate into a columnar (intestine-like)
epithelium, predisposing to adenocarcinoma.

» Example: In pancreatic ductal adenocarcinoma (PDAC), pancreatic acinar cells
can transdifferentiate into ductal cells during cancer initiation.

= Example: In prostate carcinomas, resistance to antiandrogen therapy can involve
transdifferentiation of adenocarcinoma cells into neuroendocrine cells that no
longer express the androgen receptor, driven by factors like SOX2 upregulation.

» Example: In basal cell carcinomas (BCC), drug-resistant cells can switch to a
distinct cell type via epigenetic shifts, allowing them to sustain oncogenic signaling
independent of the targeted pathway.

=  Example: Lung carcinomas (small-cell and non-small cell) show dynamic and
heterogeneous interconversion between subtypes, highlighting significant lineage
plasticity.

B. Nonmutational Epigenetic Reprogramming (Proposed New Enabling Characteristic)

Concept: While genomic instability and mutation are fundamental drivers, growing evidence
supports an independent mode of genome reprogramming that involves purely epigenetically
regulated changes in gene expression, without mutations. This is distinct from mutation-driven
changes.

Microenvironmental Mechanisms: The aberrant physical properties of the tumour
microenvironment (TME) can cause broad epigenetic changes that benefit cancer cells.

o Hypoxia: Low oxygen conditions in tumours can reduce the activity of TET demethylases,
leading to changes in DNA methylation (e.g., hypermethylation). Some pediatric
ependymomas, lacking recurrent mutations, are demonstrably governed by gene
regulatory programs induced by hypoxia.

o Nutrient Deprivation: Limits bioavailability of nutrients, altering translational control and
enhancing malignant phenotypes.

o Epithelial-to-Mesenchymal Transition (EMT): This developmental regulatory program,
often induced by the TME (hypoxia, stromal cytokines), allows cancer cells to become
invasive. EMT is driven by epigenetic shifts that maintain this invasive state.



o Extracellular Matrix (ECM) Stiffness: Solid tumours often have stiff ECM due to altered
composition and cross-linking. This stiffness can induce signaling and gene-expression
networks that promote invasiveness and other hallmark characteristics.

Epigenetic Heterogeneity: Tumours display significant heterogeneity beyond genetic differences.
Non-mutational epigenetic heterogeneity contributes to the phenotypic diversity of cancer cells.
For example, dynamic expression of linker histone H1.0 creates subpopulations with stem-like
characteristics and enhanced tumour-initiating capability.

C. Polymorphic Microbiomes (Proposed New Enabling Characteristic)

Concept: The ecosystems of microorganisms (microbiota) that live symbiotically with our barrier
tissues (skin, gut, lung, breast, urogenital system) are called microbiomes. Polymorphic
variability in microbiomes between individuals can profoundly impact cancer phenotypes,
having both protective and deleterious effects on cancer development, progression, and therapy
response.

Gut Microbiome:

o Dysbiosis (distortions in microbial populations) in the colon can influence colon cancer
susceptibility and pathogenesis.

o Mechanisms of Action:

= Mutagenesis: Specific bacteria (e.g., E. coli with PKS locus) can produce toxins that
damage DNA or impair genomic integrity, leading to hallmark-enabling mutations.

» Proliferative Signaling: Some bacteria can stimulate epithelial proliferation.

= Tumorigenesis Promotion: Butyrate-producing bacteria (elevated in colorectal
cancer) can induce senescence, promoting tumour growth.

=  Immunomodulation: Microbiomes can broadly modulate the adaptive and innate
immune systems by producing factors that trigger immune cells, influencing the
tumour microenvironment (either promoting or antagonizing tumours). This affects
response to immunotherapies like checkpoint inhibitors.

= Systemic Effects: Gut dysbiosis can allow bacteria and their products to reach
distant organs (e.g., liver via portal vein), where they can trigger inflammatory
responses that help cancer cells evade immune destruction.

Beyond the Gut: Other barrier tissues also have distinctive microbiomes (e.g., oral, skin, vaginal),
which can similarly influence local cancer susceptibility and pathogenesis.

Intratumoral Microbiota: Bacteria are detected within solid tumours, and each tumour type can
have a distinctive, often intracellular, microbiome. These intratumoral microbiomes can
functionally promote tumour-promoting inflammation and malignant progression.

D. Senescent Cells (Proposed New Enabling Characteristic)



e Concept: Cellular senescence is a typically irreversible form of proliferative arrest, often acting
as a protective mechanism against neoplasia. Senescent cells undergo morphological and
metabolic changes and activate a "Senescence-Associated Secretory Phenotype (SASP)",
releasing various bioactive proteins (chemokines, cytokines, proteases).

e Dual Role in Cancer:

o Protective (Traditional View): Senescence is induced in cancerous cells by DNA damage,
oncogene hyperactivation, or therapy, limiting malignant progression.

o Tumor-Promoting (Emerging View): Increasingly, evidence shows that in certain contexts,
senescent cells stimulate tumour development and malignant progression. For instance,
ablating senescent cells in aging mice reduced spontaneous tumorigenesis.

e Mechanism (SASP): The SASP is the primary mechanism by which senescent cells promote
tumour phenotypes. Through paracrine signaling, the SASP conveys hallmark capabilities to
nearby viable cancer cells and other cells in the tumour microenvironment (TME). This can include
contributions to proliferative signaling, resisting cell death, inducing angiogenesis, stimulating
invasion and metastasis, and suppressing tumour immunity.

o Transitory Senescence: Some senescent cancer cells can escape this non-proliferative state
and resume proliferation, contributing to therapy resistance.

e Senescence in Non-Cancer Cells:

o Cancer-Associated Fibroblasts (CAFs) in tumours can undergo senescence and become
tumour-promoting via their SASP.

o Senescent Fibroblasts in Normal Tissues (due to aging or insults) can remodel the tissue
microenvironment to support local invasion and distant metastasis ("field effects").

o Therapy-Induced Senescent Tumor Endothelial Cells can enhance proliferation,
invasion, and metastasis in breast cancer models.

e Significance: Senescent cells, regardless of their cellular origin, are functionally significant
components of the TME. Understanding their role motivates therapeutic strategies like their
ablation or reprogramming their SASP to be tumour-antagonizing.

Conclusion

You've now taken your first deep dive into the fascinating and often daunting world of neoplasia.
We've established the fundamental definitions, learned the rules for naming these complex growths,
and begun to appreciate the intricate cellular "superpowers" that enable cancer to develop, progress,
and spread.

Remember, cancer is a disease of genetic changes and cellular chaos, but also one of remarkable
adaptability and resourcefulness by the neoplastic cells themselves. The knowledge you've gained
today about tumour nomenclature, the distinctions between benign and malignant, the nuances of
dysplasia, differentiation, and anaplasia, and the core hallmarks of cancer, along with the proposed
new dimensions, will serve as a robust foundation for your future studies and clinical practice.



Keep reviewing, keep asking questions, and keep building on this essential knowledge. Good luck with
your studies!

Self-Assessment Questions
(NBME-Style Questions)

1.

A 45-year-old woman undergoes a colonoscopy due to persistent changes in bowel habits. A mass
is identified and biopsied. Histological examination reveals disorganized glandular structures,
nuclear pleomorphism, hyperchromasia, and loss of cellular polarity throughout the full thickness
of the colonic epithelium, but no invasion through the basement membrane. Which of the
following terms best describes the histological findings in this patient's colonic biopsy? A)
Adenoma B) Carcinoma in situ C) Leiomyoma D) Squamous metaplasia E) Well-differentiated
adenocarcinoma

A 68-year-old man presents with severe bone pain. Further workup reveals multiple lytic lesions in
his lumbar vertebrae, which are determined to be metastatic deposits from a primary prostate
tumour. The ability of the prostate cancer cells to establish these distant deposits is primarily
attributed to which of the following hallmark capabilities? A) Sustaining proliferative signaling B)
Enabling replicative immortality C) Activating invasion & metastasis D) Reprogramming cellular
metabolism E) Avoiding immune destruction

A pathologist examines a biopsy from a rapidly growing, aggressively invading tumour in a patient's
thigh muscle. The tumour cells show extreme pleomorphism, bizarre nuclear shapes, frequent
abnormal mitoses, and bear little to no resemblance to normal muscle tissue. Based on these
findings, which of the following terms best characterizes the tumour's histological appearance? A)
Dysplasia B) Well-differentiated C) Adenoma D) Anaplasia E) Benign myoma

Which of the following accurately describes a key difference between a "carcinoma" and a
"sarcoma"? A) Carcinomas are typically benign, while sarcomas are always malignant. B)
Carcinomas arise from mesenchymal tissues, while sarcomas arise from epithelial tissues. C)
Carcinomas primarily spread via the lymphatic system, while sarcomas typically spread via the
bloodstream. D) Carcinomas are named with an "-oma" suffix, while sarcomas use "-sarcoma." E)
Carcinomas are always poorly differentiated, while sarcomas are always well-differentiated.

A researcher discovers a new bacterial species within a pancreatic tumour that produces a
molecule promoting the tumour cells' ability to resist apoptosis. This finding supports the growing
evidence for which of the following proposed "enabling characteristics" of cancer? A) Unlocking
phenotypic plasticity B) Nonmutational epigenetic reprogramming C) Polymorphic microbiomes
D) Senescent cells E) Tumor-promoting inflammation

Answer Key:

1.

B) Carcinoma in situ: The description (disorganized glandular structures, nuclear pleomorphism,
hyperchromasia, loss of cellular polarity throughout full thickness, but no invasion through the
basement membrane) perfectly matches the definition of carcinoma in situ, which is full-
thickness dysplasia confined to the epithelium.



. C) Activating invasion & metastasis: Metastasis is the physically discontinuous deposit of
malignant tumour cells at a distant site. The hallmark of activating invasion & metastasis directly
describes this capability. The example of prostate cancer spreading to lumbar vertebrae is a
classic example of hematogenous metastasis.

D) Anaplasia: The description of cells with extreme pleomorphism, bizarre nuclear shapes,
abnormal mitoses, and little to no resemblance to normal tissue ("cannot recognize it at all") is the
definition and histological hallmark of anaplasia, which indicates a highly aggressive, poorly
differentiated malignhancy.

. C) Carcinomas primarily spread via the lymphatic system, while sarcomas typically spread
via the bloodstream.: Carcinomas are malignant epithelial tumours and commonly spread via
lymphatics (e.g., breast cancer to axillary nodes). Sarcomas are malignant mesenchymal tumours
and are more typically associated with hematogenous spread.

. C) Polymorphic microbiomes: The source explicitly states that polymorphic variability in
microbiomes can impact cancer phenotypes, and mentions clues that particular bacterial
species can affect hallmark capabilities like avoiding cell death, aligning with the scenario
described.



Appendix B: Sample prompts based on TRACI framework

Assessment creation prompt

Generate [number] multiple-choice questions on [medical topic] that test clinical application and
diagnostic reasoning. You are an experienced medical educator specialized in [discipline] and skilled
in competency-based assessment and NBME standards, committed to evidence-based teaching and
bias-free evaluation. Design these for [learner level] students with [prerequisite knowledge] preparing
for [examination type]. Create standard multiple-choice format with clinical vignettes (2-3
sentences), question stems, and 5 answer options, including 50-75 word explanations for each
choice. Organize by [difficulty/ topic area] and provide rationales for correct answers plus
explanations of incorrect distractors. The goal is measuring [specific competency] while identifying
knowledge gaps in [clinical reasoning area] to guide targeted study.

Content synthesis prompt

Create a comprehensive study guide on [medical topic] from provided source materials. You are an
experienced medical educator specialized in [discipline] with curriculum design expertise and
textbook authoring experience, emphasizing active learning, clinical correlation, and evidence-based
practice while maintaining scientific rigor and cultural responsiveness. Design this for [learner level]
students with [background knowledge] studying for [course/ examination]. Generate a [word count]
structured guide with hierarchical organization including introduction, key concepts, clinical
applications, and self-assessment components like learning objectives, concept maps, clinical
pearls, and practice questions. The goal is synthesizing complex medical information into an
accessible learning resource supporting mastery of [learning objectives] and promoting
understanding of [pathophysiology/reasoning] essential for [clinical practice/ examination success].

Al Tutor development prompt

Create instructions and knowledge base for an Al tutoring assistant specializing in [medical subject]
for 24/7 student academic support. You are a medical education technology specialist with expertise
in Al applications and educational chatbot design, understanding both pedagogical principles and Al
limitations, emphasizing student empowerment, academic integrity, and appropriate help-seeking
while maintaining professional boundaries and equitable access. Design this for [learner level]
medical students seeking supplemental support on [subject matter] outside faculty office hours.
Generate comprehensive chatbot instruction set with system prompts, interaction guidelines,
curated knowledge content, and escalation protocols, including response frameworks, safety
protocols, learning objective alighnment, and referral guidelines. The goal is providing accessible,
immediate academic support that complements faculty teaching, promotes independent learning,
and maintains academic integrity standards while encouraging appropriate help-seeking behaviors.



