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Abstract
Purpose Precision medicine is revolutionizing healthcare practices, most notably in oncology. With cancer being the second 
leading cause of death in the USA, it is important to integrate precision oncology content in undergraduate medical education.
Methods In 2015, we launched a Clinical Cancer Medicine Integrated Science Course (ISC) for post-clerkship medical 
students at Vanderbilt University School of Medicine (VUSM). In this ISC, students learned cancer biology and clinical 
oncology concepts through a combination of classroom and patient care activities. Student feedback from mid- and end-of-
course surveys and student match data were analyzed and used to develop ongoing course improvements.
Results To date, 72 medical students have taken the Clinical Cancer Medicine ISC. Over 90% of students who completed 
end-of-course surveys agreed or strongly agreed that this course advanced their foundational science knowledge in clinical 
cancer medicine, that clinical relevance was provided during non-clinical foundational science learning activities, and that 
foundational science learning was embedded in course clinical experiences. Students who took this course most commonly 
matched in Internal Medicine, Pathology, Pediatrics, and Radiation Oncology. VUSM students who matched into Pathology 
and Radiation Oncology were more likely to take this ISC than students who matched in other specialties.
Conclusion The Clinical Cancer Medicine ISC serves as a model for incorporating precision oncology, cancer biology 
foundational science, and oncology patient care activities in undergraduate medical education. The course prepares students 
to care for oncology patients in their fields of interests during their future career in medicine.
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Introduction

Completion of the Human Genome Project in 2003 revolu-
tionized the field of genomic medicine and ushered a new 
era of precision medicine. Precision medicine is the tailor-
ing of patient therapy based on pharmacogenetic biomark-
ers that predict the likelihood of drug response or risk of 
adverse events [1]. This emerging healthcare paradigm was 
quickly embraced in the field of oncology and highlights the 
importance of foundational science translation in improving 
patient outcomes.

Cancer is the second leading cause of death in the United 
States (US) with an estimated incidence of 1.8 million new 
cancer cases and over 600,000 cancer deaths projected to 
occur in 2020 [2]. Over the last decade, there has been an 
increase in the understanding of cancer molecular drivers, 
and gene mutation–specific inhibitors have been successfully 
used to target sub-populations of patients with particular 
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tumor genotypes. As a result, oncology providers must 
have an appreciation of the fundamental molecular biology 
underlying a patient’s tumor to effectively translate tumor 
genotype to precision patient care [1, 3–5]. In addition to 
sub-specialists who provide oncologic care, primary care 
physicians and many other healthcare providers play a cru-
cial role in cancer prevention, screening, early diagnosis, 
management, and survivorship care [6, 7]. As strategies in 
oncologic management and precision medicine continue to 
improve and the number of cancer survivors increases, all 
medical trainees will need to gain foundational knowledge 
in clinical oncology regardless of specialty aspiration [7, 8].

The rapid growth of our knowledge of the human genome 
and development of genomic clinical applications has 
resulted in a knowledge gap between discovery and practi-
cal clinical implementation. Many non-oncology physicians 
and medical trainees have reported low levels of comfort 
regarding provision of oncologic and survivorship care and 
interpretation of genetic tests for use in precision medicine 
[1, 3, 4, 6, 9, 10]. A 2014 single-institution study using a 
customized National Board of Medical Examiners (NBME) 
assessment tool coupled with a self-assessment survey 
revealed knowledge deficits in molecular techniques, muta-
tions and cancer, and interpretation of genomic test results. 
Students also expressed low levels of confidence explaining 
analytic and clinical validity and clinical utility of genomic 
testing and using online genetics resources [10]. Another 
study found that although 79% medical students agreed it 
was important to learn about personalized medicine, only 
6% felt as though their curriculum adequately prepared them 
to practice personalized medicine [4].

The multidisciplinary and interprofessional nature of 
oncologic and survivorship care combined with the lack of 
national guidelines for undergraduate oncology education in 
the US makes it challenging to develop effective oncology 
curricula for medical students [7, 11–13]. Multi-institutional 
studies have shown that medical students receive a dispro-
portionate amount of curricular time dedicated to cancer  
education relative to the other common causes of death in  
the US (heart disease, chronic lung disease, cerebrovascular  
disease) [7, 8]. Many US medical schools do not incorporate  
oncology-related clinical rotations into required clerkships, 
and coordination of oncology didactics across the  four years of  
medical school is often lacking, leading to a fractured under-
standing of cancer management [7]. Furthermore, several 
studies have indicated a deficit in knowledge of oncology 
among medical students, which may be due in part to the 
structure of the oncology curriculum [11, 14–18]. Given the 
need for improved precision medicine and oncology train-
ing among future physicians, we describe an approach that 
integrates active learning of foundational sciences in cancer, 
emphasizing genomics, with personalized clinical experi-
ences in a post-clerkship Clinical Cancer Medicine course.

Methods

In 2013, VUSM launched an innovative, personalized 
undergraduate medical education curriculum called 
Curriculum 2.0 [19]. Curriculum 2.0 is a competency-
based, agile, and individualized curriculum that sup-
ports student lifelong learning [20–22]. Curriculum 
2.0 is divided into 3 phases: Foundations of Medical 
Knowledge (pre-clerkship, year 1), Foundations of 
Clinical Care (clerkship, year 2), and Immersion Phase 
(post-clerkship, years 3–4) [20]. During the Immersion 
Phase, students design individualized schedules consist-
ing of month-long immersive experiences that aim to 
strengthen connections between foundational science 
knowledge and clinical skills and foster adaptive exper-
tise needed to thrive in rapidly evolving fields of medi-
cine [23–26]. Rotations offered during the Immersion 
Phase include Acting Internships, Advanced Clinical 
Experiences (clinical experiences previously referred 
to as sub-internships), Advanced Electives (non-clinical 
rotations), Research Immersions, and Integrated Science 
Courses (ISCs) [20].

The primary goal of the ISCs is to reinforce and inte-
grate foundational science knowledge, traditionally taught  
in the pre-clerkship curriculum, within a meaningful clini-
cal context [20]. These four-week courses utilize a variety of 
instructional modalities including classroom-, workplace-, 
simulation-, laboratory-, and community-based settings. 
Students are evaluated using quantitative and qualitative 
(competency-based milestone) assessments, and each ISC 
undergoes a rigorous annual quality-improvement process 
that includes review of foundational science and patient 
care/clinical skills content and integration, assessment 
best practices, and the student experience [20]. Currently, 
there are 16 ISCs offered in the post-clerkship curriculum 
at VUSM.

Clinical Cancer Medicine Course Design

Responding to a need to increase oncology and preci-
sion medicine education in medical school curricula, the 
Clinical Cancer Medicine ISC was launched in 2015. This 
4-week course enrolled up to 12 third- and fourth-year 
medical students each offering. The goal of this course was 
to reinforce the foundational principles of tumor biology, 
demonstrate how that information is leveraged for optimal 
and personalized cancer patient care, and illustrate how 
that care affects the physical, psychosocial, and financial 
well-being of cancer survivors (Fig. 1). Foundational sci-
ence topics included anatomy, physiology, histology, bio-
chemistry, cell biology, genetics, molecular biology, immu-
nology, and pathology.
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Active and personalized learning were emphasized in 
this course. In the classroom, students explored the con-
cepts of oncogene addiction, de novo and acquired resist-
ance to therapy, immunotherapy, tumor heterogeneity, 
and drug discovery through seminars, team-based learn-
ing, and case-based learning activities. The information 
learned was used as a platform to describe how molecular 
changes are detected in the laboratory and leveraged in 
the clinic for personalized patient care. Students actively 
participated in the multidisciplinary approach necessary 
for the optimal care of cancer patients through clinical 
experiences and tumor board meetings. Students also 
gained an understanding of patients’ expectations and 
the importance of a broad fund of knowledge in address-
ing complex clinical problems. The small class size (12 
students maximum) allowed for tailoring of integrated 
clinical experiences with students’ professional prefer-
ences and/or goals. A sample student course schedule 
is depicted in Fig. 2. All course materials and student 
assessments are organized electronically using VUSM’s 
VSTAR Lifelong Learning Platform [27].

Classroom Activities

Meet the Expert Seminars and Case Discussions

Classroom-based learning included seven  one-hour Meet the  
Expert seminars and three  one-hour Case Discussions which  
brought students face to face with leading figures across 
many foundational science domains and clinical aspects of 
cancer medicine. The seminars included topics on epidemi-
ology, cancer biomarkers, genetic inheritance syndromes, 
pre-clinical drug discovery, diagnostics, pain management, 
and cancer survivorship that apply to all types of malig-
nancy. Additionally, three Case Discussions were developed 
in response to student feedback and interest. The case dis-
cussions focused on common cancers seen in the US includ-
ing colorectal, prostate, and breast cancer. In these sessions, 
experts discussed the current clinical management and an 
overview of the emerging therapeutic strategies and research 
trials for each disease, while integrating appropriate foun-
dational sciences.

Case‑Based Learning

Two case-based learning (CBL) activities were built into  
this course that focused on lung cancer and chronic myelog-
enous leukemia (CML) [28]. Each activity was spread over two  
days for a total of three-hours of face-to-face time per case. Through  
independent research and group discussion, students learned 
molecular biology concepts underlying these diseases, rec-
ommendations for screening and diagnosis, and options for  
medical, radiation, and surgical management. In addition  
to highlighting cancers with high prevalence and mortality,  
cases were intentionally chosen to allow for integration of  
foundational sciences related to precision medicine. In the 
US, lung cancer is the 2nd most common cancer in males  
and females and has the highest mortality rate; thus, it was 
important to discuss in this course [2]. Although CML is  
relatively uncommon, this case introduced students to the 
broader concept of tyrosine kinase inhibition use in oncol- 
ogy and created an opportunity to discuss a hematologi-
cal malignancy while much of the course focused on solid 
tumors.

Team‑Based Learning Students also participated in two 
team-based learning (TBL) activities that heavily engaged 
the primary literature [29, 30]. Both  three-hour TBL sessions  
centered on the evolution of precision medicine strate-
gies in BRAF mutant melanoma. In addition to illustrat-
ing how scientists, drug developers, and physicians lev-
eraged oncogene addiction to treat cancer, these TBL 
sessions also highlighted the concepts of tumor evolution 
and tumor heterogeneity, mechanisms that drive adverse 

Treatment
Strategies

Response &
Resistance

Imaging &
Laboratory 
Tests

Survivorship

Cancer Patient

Tumor
Biology

Fig. 1  The Clinical Cancer Medicine ISC reinforced foundational 
science and patient care in the context of cancer. This course rein-
forced the foundational principles of tumor biology while demonstrat-
ing how that information drives imaging and laboratory tests, treat-
ment strategies, and response and resistance to therapy. In addition, 
this course illustrated how that care affects the physical, psychosocial, 
and financial well-being of cancer survivors
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drug events, and mechanisms and clinical implications 
of de novo and acquired resistance to therapy. Given the 
need for all healthcare providers to stay abreast of rap-
idly evolving literature, students were given up to five 
primary manuscripts to critically interpret and assess in 
preparation for each session. To assist with integration of 
this information, we added a “debrief session” after the 
TBL individual and group readiness assessments (iRAT 
and gRAT, respectively) to contextualize the basic science 
concepts and give students a historical understanding of 
the concept implications.

Patient Care Experiences

In addition to classroom-based activities, students also partici-
pated in meaningful and active patient care experiences including 
direct patient interactions in an outpatient clinical environment 
and multidisciplinary tumor board meetings. It was important 
that students observed the significant role that each member of 
the team played in the comprehensive plan for cancer patient 
care. Furthermore, our goal was for students to assess the integra-
tion of specialties and foundational science concepts and assimi-
late evidence-based principles in developing treatment plans.

Meet the Expert 
Seminar

Direct Pa�ent Care 
Experience

Tumor Board Mee�ng Case Discussion Group Ac�vity Student-Led 
Presenta�on Self-Directed Learning

WEEK 1

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY

AM

Course Introduc�on

Medical Oncology Clinic

Melanoma

Medical Oncology Clinic

Cancer Epidemiology Online Module Review
Cancer Biomarkers

PM
Interven�onal Radiology 

Clinic
TBL1

Inherited Cancers

WEEK 2

AM

CBL1 (Day 1) Head & Neck Cancer Breast Cancer

Medical Oncology Clinic

CBL2 (Day 2)

Colon and Rectal Cancer
Medical Oncology Clinic

Cancer Diagnos�cs

PM Hereditary Gene�cs Clinic
TBL2

Preclinical Drug Discovery

WEEK 3

AM

CBL2 (Day 1)

Medical Oncology Clinic

Fellows Case Conference

Medical Oncology Clinic

CBL2 (Day 2)

MythBusters Challenge 
Presenta�ons

Pain & Symptom 
Management

PM Surgical Pathology Prostate Cancer
Cancer Survivorship

WEEK 4

AM
Burning Ques�ons 

Presenta�ons
Burning Ques�ons 

Presenta�ons
Cancer Survivorship* Final Exam

PM Medical Oncology Clinic

Fig. 2  Students experienced classroom, workplace-based, and self-
directed learning. A sample student schedule in the Clinical Cancer 
Medicine ISC. Students participated in approximately 40 h of course 
activities. Classroom sessions included Meet the Expert seminars 
(blue), Case Discussions (purple), group activities (red), and student-
led presentations (gray). Workplace activities (green) included ten 
half days in a clinic of the student’s choice (in this example, medi-
cal oncology) in addition to one half day each in three of the fol-

lowing clinics: hereditary cancer, pathology, interventional radiol-
ogy, interventional pulmonology, or cardio-oncology. Students also 
participated in three tumor board meetings (yellow). The remaining 
time (white) was dedicated to self-directed learning activities. Times 
blocked out in black are allocated for longitudinal courses and cannot 
be used for mandatory ISC activities. *This activity included a cancer 
survivor led classroom discussion
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Patient Interactions

Students in this course actively participated in the care of 
cancer patients at the Vanderbilt-Ingram Cancer Center. In 
the clinical setting, students learned about diagnostic work-
up, treatment plans (including clinical trials), and the side 
effects of cancer treatments. Notably, students witnessed 
how somatic and germline genetic testing results influenced 
medical management decisions as well as the benefits and 
challenges that precision medicine offered oncologists. Stu-
dents selected up to ten half-days in primary clinics (medi-
cal, pediatric, radiation, and surgical oncology) and three 
half-days in secondary clinics (hereditary cancer, pathol-
ogy, interventional radiology, interventional pulmonology, 
and cardio-oncology) based on their interests and learning 
goals. Other clinical specialties were also considered upon 
individual student request.

Tumor Board Meetings

Tumor board meetings are weekly case-based conferences 
where a multidisciplinary group of providers discuss specific 
cancer patients and advise one another on treatment options. 
These conferences offered students a unique opportunity to 
gain early exposure to the multidisciplinary nature of clini-
cal oncology. During the course, students were required 
to attend two tumor board meetings of their choice from a 
menu of eleven tumor board meetings (i.e., multidiscipli-
nary solid tumor, thoracic, sarcoma, melanoma, malignant 
hematology, breast cancer, head and neck cancer, VA tumor 
board, genitourinary, gynecology oncology, and molecu-
lar tumor board), in addition to an assigned hematology/
oncology fellows case conference for a total of three tumor 
board meetings. Notably, the newly established molecular 
tumor board offered an excellent opportunity for students 
to understand the complexity of the decision-making pro-
cess involving genetic testing and precision medicine [31]. 
In the hematology/oncology fellows case conference, one 
solid tumor case was discussed weekly, allowing for a slower 
pace, detailed disease descriptions, and comprehensive 
review of the relevant literature.

Clinical Experience Essays

Students were required to write two 1000-word essays 
related to a direct patient interaction in clinic or an interest-
ing case presented at tumor board meetings. This activity 
allowed students to explore how foundational science drives 
clinical decision-making in oncology and communicate their 
experiential learnings to their peers. A successful essay dem-
onstrated a firm recall of underlying foundational science 
principles, the application of these principles to a new case 

or problem, and the evaluation of multiple data sources. 
The essays were shared on an open forum where students 
commented on each other’s unique clinical experiences and 
learned about the diverse presentation and management of 
cancer patients.

Self‑Directed Course Elements

Personal Learning Goals

Personal learning goals are specific and measurable state-
ments of intent to attain essential concepts and skills that 
one identifies as important to one’s learning with a clearly 
outlined path to reach these goals. Learning goals may relate 
to work/study habits, specific knowledge areas, or both. At 
the beginning of the course, students were asked to docu-
ment and submit two personal learning goals for the course. 
By establishing personal learning goals, students could tai-
lor the integrated clinical experiences to their professional 
goals and pursue their own interests in oncology during this 
course. These goals were reviewed by the course directors 
during the first week, and individualized feedback was pro-
vided as to whether the course activities scheduled would 
help the students meet these goals. If course content was 
lacking, the course directors provided additional resources 
for the students to pursue on their own. Furthermore, the 
learning goals allowed the course directors to reflect on the 
course content and to adjust the curriculum if certain content 
was requested multiple times by students. The attainments 
of learning goals were determined at the midpoint and final 
course evaluations.

Online Modules

Online learning modules were included as a part of self-
paced learning in this course. During the first week, stu-
dents were required to review five online modules on can-
cer staging and grading, genetic alteration terminology, 
molecular diagnostics used in cancer, and phase I, II, and 
III cancer clinical trials. Each module consisted of 10–25 
voice-accompanied PowerPoint slides, and the collection 
took about 3 h to view in entirety. The material presented 
in the modules was review from the pre-clerkship curricu-
lum, and the intent was to remind students of the founda-
tional science concepts upon which the course was built. 
Furthermore, presenting these materials online allowed 
for more in-class time that focused on advanced precision 
medicine concepts. An optional, in-class, review session 
of the online modules was hosted by the course directors to 
clarify any concepts in preparation for a closed-book quiz. 
The information in the modules was also included in the 
final examination.
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Burning Question Presentation

At the end of the course, individual students gave a 30 min 
Burning Question presentation on a topic of their choos-
ing. The origin of the question could be from, but was not 
limited to, a clinical experience, seminar, student forum 
discussion, online module, popular news story, or other 
course activity and reading. Answering the burning ques-
tion necessitated integration and evaluation of multiple 
information sources and application of appropriate under-
lying foundational sciences. In a “chalk talk” presenta-
tion format, students taught the topic to their peers, where 
they practiced succinctly summarizing and communicat-
ing findings that were accurate, logical, and pertinent to 
answering the question.

MythBusters Challenge

In addition to individual Burning Question presentations, 
students also completed 30 min group “MythBusters” 
presentations on common cancer myths. The goal of this 
activity was to promote peer teaching of foundational sci-
ence concepts (i.e., biochemistry, immunology, and cell 
biology) in the context of cancer patient care. In teams 
of three or four, students selected one cancer myth (pre-
determined by the course directors) to research. Topics 
included the role of dietary sugar in cancer recurrence, the 
role of soy in breast cancer growth, the concept of tumor 
seeding during biopsy or surgical resection of tumors, 
and the impact of smoking in patients undergoing treat-
ment of lung cancer. Students leveraged evidence from 
the literature and applied appropriate underlying founda-
tional science to deem the myth “confirmed,” “busted,” or 
“plausible.” Furthermore, students formulated a response 
to the patient regarding the myth. To guide students in this 
endeavor, each team was given a set of learning objectives 
for each myth.

Primary Literature Reading

Cancer patient care is rapidly evolving and oncologists at 
academic centers are challenged to engage the primary lit-
erature to deliver the most effective treatments. As a result, 
this course emphasized student use and interpretation of the 
primary literature. There was an expectation that the primary 
literature was be used in CBL, self-directed learning, and 
clinical experience essays. Furthermore, the assigned read-
ing for TBL was from the primary literature. The course 
also offered a list of recommended readings on cancer top-
ics, including hallmarks of cancer, oncogene addiction, and 
precision cancer medicine.

Assessment

Student assessment in all ISCs offered through VUSM’s 
Curriculum 2.0 is multi-modal and uses both quantitative 
and qualitative (competency-based milestones) measures. 
Assessments occur throughout the course so that students 
have an opportunity to improve when they are given mid-
course feedback [20].

Competency‑Based Assessment

Students were assessed in their performance in six equally 
important competency domains: medical knowledge, patient 
care, interpersonal communication, practice-based learn-
ing and improvement, systems-based practice, and profes-
sionalism [21]. Student milestone data were collected from 
multiple evaluators (i.e., course directors, facilitators, peers, 
attendings, residents) who assessed student performance in 
key competencies during various course activities (Table 1). 
Students received, on average, 15 unique qualitative assess-
ments during the course. Course directors synthesized input 
from these assessors to make one final assessment for each 
competency domain.

Quantitative Assessment

The quantitative assessment in this course was determined 
by students’ grades in the following activities: online mod-
ule quiz, TBL, MythBusters presentation, Burning Ques-
tions presentation, and final exam (Table 2). The online 
module quiz was a closed-note, 30 min, online assessment 
comprised of 17 multiple choice questions that was taken 
at the end of the first week. TBL assessments included 
an individual readiness assessment test (iRAT) followed 
by a group readiness assessment test (gRAT) taken at the 
beginning of each session. Each RAT was worth 2.5% of 
the student’s final quantitative grade, for a total of 5% of 
the student’s final quantitative grade per TBL session. The 
iRAT and gRAT are identical within each TBL session and 
comprised ten multiple-choice questions. The MythBusters 
and Burning Questions presentations each had a distinct 
20-point grading rubric that was used by the course directors 
to assess student presentations. Each presentation was inde-
pendently assessed by at least two of three course directors. 
The assessments were then discussed between all course 
directors, and a final score was assigned for each presenta-
tion. For the MythBusters challenge, the same quantitative 
score was assigned to each member of the group. The final 
exam was an individual, closed-note, 35-point, 26-question 
multiple-choice, short answer, and essay exam that probed 
foundational science and patient care integration.
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Results

Enrollment

From September 2015 to February 2020, the Clinical Can-
cer Medicine ISC was offered nine times (2–3 times per 
AY), with a maximum capacity of 12 students per sec-
tion. Seventy-two medical students have taken the course, 
including 48 third-year students (66.7%) and 24 fourth-year 

students (33.3%), with an average of eight medical students 
per section (SD 4, range 2–12). The course was not offered 
in AY 17–18 due to lack of enrollment.

Mid‑Course Feedback

At the course midpoint, students were asked to complete 
a survey about their personal learning goals that they doc-
umented at the beginning of the course. This survey was 

Table 1  Competency-based milestone assessments

Competency domain Activity evaluated (evaluator

Medical knowledge
  Integration • CBL (facilitator and peers)

• Clinical experience (faculty/attendings/residents)
• Clinical experience essay (course directors)

  Depth • CBL (facilitator and peers)
• Clinical experience (faculty/attendings/residents)
• Clinical experience essay (course directors)
• MythBusters challenge presentation (course directors)
• “Burning Questions” presentation (course directors)

  Analysis • CBL (facilitator and peers)
• Clinical experience (faculty/attendings/residents)
• Clinical experience essay (course directors)
• MythBusters challenge presentation (course directors)
• “Burning Questions” presentation (course directors)

  Inquiry • CBL (facilitator and peers)
• Clinical experience (faculty/attendings/residents)
• MythBusters challenge presentation (course directors)
• “Burning Questions” presentation (course directors)

  Use of information resources • CBL (facilitator and peers)
• Clinical experience (faculty/attendings/residents)
• Clinical experience essay (course directors)
• MythBusters challenge presentation (course directors)
• “Burning Questions” presentation (course directors)

Patient care
  Thought process • CBL (facilitator and peers)

• Clinical experience (faculty/attendings/residents)
  Self-knowledge • CBL (course directors and peers)

• Clinical experience (faculty/attendings/residents)
Interpersonal communication

  Content of presentations to colleagues • CBL (facilitator and peers)
• Clinical experience (faculty/attendings/residents)
• Clinical experience essay (course directors)

Practice-based learning and improvement
  Receptivity to feedback • Mid-course feedback (course directors)

• CBL (facilitator and peers)
• Clinical experience (faculty/attendings/residents)

Systems-based practice
  Initiative and contribution to group efforts • CBL (facilitator and peers)

• Clinical experience (faculty/attendings/residents)
• MythBusters challenge presentation (peers)

Professionalism
  Professional duty • CBL (facilitator and peers)

• Clinical experience (faculty/attendings/residents)
• Compass requests (course directors)
• On-time attendance to mandatory activities (course directors)
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administered to seven sections from September 2016 to Feb-
ruary 2020 (not administered in AY 15–16). When students 
were asked if they thought that they would achieve their 

personal learning goals by the end of the course, 59 of 60 
(98.3%) students felt that they would achieve their personal 
learning goals at the end of the course. The student who 
answered that they would not be able to achieve their per-
sonal learning goals wanted to explore surgical oncology 
and requested operating room experience, which was not 
offered during that section.

End‑of‑Course Feedback

At the end of each ISC offering, an anonymous and stand-
ardized electronic evaluation survey was distributed to stu-
dents by VUSM [20]. Sixty-five to 69 (90.2–95.8%) of the 
72 medical students who took the Clinical Cancer Medicine 
ISC completed at least part of this end-of-course evaluation 
(Table 3). Most students were satisfied or very satisfied with 
the overall learning experience (92.7%), effectiveness of 
course leadership (94.2%), and mix of learning activities to 

Table 2  Student quantitative assessments

iRAT  individual readiness assurance test, gRAT  group readiness 
assurance test

Activity % of final 
quantitative 
grad

Online Module Quiz 15
TBL1 (iRAT 50%; gRAT 50%) 5
TBL2 (iRAT 50%; gRAT 50%) 5
MythBusters Challenge presentation 20
Burning Questions presentation 20
Final exam 35
Total 100

Table 3  Student feedback from end-of-course evaluations (AY 15–20)

SD standard deviation
a Number of responses (percent)
b In AY 15–16, the wording for this question was, “Participation in this course helped me learn relevant foundational sciences.”

Very dissatisfied (1) Dissatisfied (2) Neutral (3) Satisfied (4) Very satisfied (5) Mean (SD)b overall

Overall learning experience 
(n = 69)

0 (0.0%)a 0 (0.0%) 5 (7.2%) 25 (36.2%) 39 (56.5%) 4.5 (0.6)

Effectiveness of course leader-
ship (n = 69)

0 (0.0%) 1 (1.4%) 3 (4.3%) 20 (29.0%) 45 (65.2%) 4.6 (0.7)

Mix of learning activities to sup-
port objectives (n = 69)

0 (0.0%) 2 (2.9%) 3 (4.3%) 26 (37.7%) 38 (55.1%) 4.4 (0.7)

Strongly disagree (1) Disagree (2) Neutral (3) Agree (4) Strongly agree (5) Mean (SD)
Foundational science learning 
was embedded in the clinical 
experiences (n = 69)

0 (0.0%) 1 (1.4%) 5 (7.2%) 29 (42.0%) 36 (49.3%) 4.4 (0.7%)

Clinical relevance was provided 
during non-clinical founda-
tional science learning activities 
(n = 69)

0 (0.0%) 0 (0.0%) 0 (0.0%) 33 (47.8%) 36 (52.2%) 4.5 (0.5%)

Participation in this course 
advanced my foundational 
science knowledge in this area 
(n = 69)c

1 (1.8%) 0 (0.0%) 1 (1.8%) 26 (37.7%) 41 (59.4%) 4.5 (0.7%)

I anticipate using the foun-
dational science knowledge I 
acquired in this course in my 
future clinical training and prac-
tice (n = 69

0 (0.0%) 2 (2.9%) 4 (5.8%) 32 (46.4%) 31 (44.9%) 4.3 (0.7)

I would recommend this course 
to my peers (n = 69)

0 (0.0%) 1 (1.4%) 5 (7.2%) 29 (42.0%) 34 (49.3%) 4.4 (0.7)

Participation in patient 
encounters during the clinical 
experiences was positive and 
reinforced the applicability of 
the foundational science learned 
during other class activities 
(n = 65)

0 (0.0%) 0 (0.0%) 2 (3.1%) 27 (41.5%) 36 (55.4%) 4.5 (0.6)
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support objectives (92.8%). All students agreed or strongly 
agreed that clinical relevance was provided during non-
clinical foundational science learning activities (100.0%), 
and almost all agreed or strongly agreed that participation in 
this course advanced their foundational science knowledge 
in clinical cancer medicine (97.1%) and that foundational 
science learning was embedded in course clinical experi-
ences (91.3%). Furthermore, most students anticipated using 
the foundational science knowledge acquired through this 
course in their future clinical training and practice (91.3%) 
and reported that they would recommend this course to their 
peers (91.3%). Student comments from this survey included 
“I thought that the course content tied in nicely with what 
I was seeing in the clinic,” “Good review of basic science 
related to oncology,” “The multiple learning modalities were 
balanced well and contributed to a unique group-based and 
sharing-oriented learning environment in all facets of the 
course,” and “This was hands down the best class I’ve taken 
in my life…everything we did was relevant.”

In the end-of-course survey for AYs 18–19 and 19–20, 
students were also asked to rank order the primary reason(s) 
that they enrolled in the Clinical Cancer Medicine ISC when 
given a field of six choices and the option to write-in an 
alternative reason (Table 4). Students did not have to rank 
all reasons provided. The most common primary reasons 
students from AYs 18–19 and 19–20 took this course were 
that they thought the content would be valuable (64.7%) and 
help them to be more “marketable” for match (32.4%) given 
their field of choice. Furthermore, 26.5% of students primar-
ily thought that the course would help them decide between 
two subspecialties for their future career and 20.6% of stu-
dents heard that the ISC was more flexible (fewer mandatory 

sessions) than other ISCs (Table 4). Substantially fewer stu-
dents (11.8%) primarily took this course because they heard 
that it was easier to get a good grade in the Clinical Cancer 
Medicine ISC than in other ISCs.

Match Data

Among 51 medical students who took the Clinical Cancer 
Medicine ISC for whom match data was available (pub-
lished online), the most common specialties in which stu-
dents matched were Internal Medicine (21.6%), Pathology 
(9.8%), and Pediatrics (9.8%) (Table 5). Interestingly, when 
compared with published match data for all VUSM students 
(2016–2020, n = 449), students who matched into Pathology 
were more likely to have taken the Clinical Cancer Medicine 
ISC (5/10 (50.0%)), than students who matched into other 
specialties (49/439 (11.2%), OR = 7.96, p = 0.0002). Simi-
larly, students who matched into Radiation Oncology were 
more likely to have taken the Clinical Cancer Medicine ISC 
(4/9 (44.4%)), than students who matched into other special-
ties (50/440 (11.4%), OR = 6.24, p = 0.003) (Table 5).

Discussion

Foundational Science and Patient Care Integration

An overwhelming body of evidence suggests that inte-
gration of foundational sciences with clinical application 
throughout medical training enriches the clinical experi-
ence and leads to improved understanding and retention 
of foundational medical knowledge [32–41]. Additionally, 

Table 4  Reasons students enrolled in the Clinical Cancer Medicine ISC (AY18–19 and 19–20)

a Students were asked to rank order the primary reason(s) that they enrolled in this course. A rank of 1 indicates that most relevant reason and 6 
was the least relevant reason. Students did not have to rank all primary reasons. Students had an option to give an alternate primary reason if not 
listed above
b Number of responses (percent)

Rank

1 2 3 4 5 6

I thought the content would be valuable to me, given my field of 
choice. (n = 34

22 (64.7%)b 11 (32.4%) 1 (2.9%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

I believed it would help me be more “marketable” for match in my 
field of choice. (n = 34)

11 (32.4%) 8 (23.5%) 8 (23.5%) 7 (20.6%) 0 (0.0%) 0 (0.0%)

I thought it would help me decide between two subspecialties for my 
future career. (n = 34)

9 (26.5%) 15 (44.1%) 4 (11.8%) 4 (11.8%) 2 (5.9%) 0 (0.0%)

I have a general interest in the field/topic, but it may not be highly 
applicable to my field of choice. (n = 34)

8 (23.5%) 5 (14.7%) 14 (41.2%) 3 (8.8%) 2 (5.9%) 2 (5.9%)

I heard that this ISC was more flexible (fewer mandatory sessions) than 
other ISCs. (n = 34)

7 (20.6%) 5 (14.7%) 12 (35.3%) 5 (14.7%) 4 (11.8%) 1 (2.9%)

I heard that it was easier to get a good grade in this ISC than in other 
ISCs. (n = 34)

4 (11.8%) 13 (38.2%) 3 (8.8%) 7 (20.6%) 3 (8.8%) 4 (11.8%)
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integration of foundational sciences has been shown to 
enhance clinical diagnostic accuracy and decision-making 
skills [37–41]. Thus, many medical schools have sought to 
better integrate foundational sciences and clinical experi-
ential learning throughout medical training, including in 
the post-clerkship curriculum [20, 32–34]. Few reports in 
the medical education literature have described immersive 
courses that integrate foundational sciences related to cancer 
biology with clinical experiences in provision of oncology 
and survivorship care in undergraduate medical education, 
though none have focused on precision medicine [42–44]. 
The lack of immersive courses integrating foundational sci-
ences related to cancer biology and precision medicine, with 
clinical experiences in oncology and survivorship care led 
to the development of the Clinical Cancer Medicine ISC in 
the post-clerkship curriculum at VUSM. Our study shows 
that over the past five years, this course was successful in 
integrating foundational science and cancer patient care in 
both classroom- and workplace-based settings (Table 3).

The course directors were intentional with foundational 
science and patient care integration at the course and ses-
sion levels, and in student assessments. For example, all 
sessions included learning objectives that contained both 
foundational science and patient care. Most often, both foun-
dational science and patient care were included in the same 
learning objective. Furthermore, assessments emphasized 
the integration of foundational science and patient care by 
including patient vignettes and essay questions on exams and 

by including foundational science and patient care on pres-
entation assessment rubrics. The competency-based assess-
ments also emphasized medical knowledge and patient care 
(Table 1).

Reassuringly, students indicated that participation in the 
course advanced their foundational science knowledge in 
clinical cancer medicine (Table 3). Furthermore, student 
comments reflected the importance that course leadership, 
mix of learning activities, and perceived relevance of the 
material had on the impact of the course (Table 3). Spe-
cific elements that contributed to this success of this course 
include personalized learning opportunities for students and 
a rigorous annual quality improvement process that allowed 
for continuous course improvements based on student feed-
back and foundational science and student assessment expert 
input.

Personalized Learning

One goal of the Clinical Cancer Medicine ISC was to allow 
medical students to personalize their learning in pursuit of 
their interests, which was highly valued by the students. 
These personal learning goals not only helped students direct 
their learning, but they also informed the course directors 
if additional content needed to be added to the course. For 
example, in early course offerings the course directors heard 
from many students that they wanted to learn about prostate 
cancer, but that was not a cancer type discussed in any of 
the classroom-based sessions and was only be touched upon 
by a few patient care experiences, if at all. Since the course 
directors heard this topic over multiple years, and it is a com-
mon cancer in the US, it resulted in the addition of a Case 
Discussion on prostate cancer. Overall, based on the student 
feedback at mid-course the course directors were reassured 
that the vast majority of students perceived they would meet 
their personal learning goals by the end of the course. For 
the student who did not think that they would achieve one of 
their personal learning goals, the course directors provided 
other opportunities to supplement their learning.

For clinical activities, students chose from primary onco-
logic specialties including medical, pediatric, radiation, and 
surgical oncology. These primary specialties were longitu-
dinal in the context of this course as the course directors 
learned that students wanted more time with one precep-
tor to better build relationships and participate more in 
the experience. Furthermore, students could request other 
clinical specialties and the course directors accommodated 
those requests, when possible. For example, if an enrolled 
student expressed interest in exploring otolaryngology the 
course directors matched that student with an otolaryngolo-
gist who saw primarily head and neck cancer patients. Stu-
dents were also encouraged to explore other cancer-related 
clinical experiences including hereditary cancer, pathology, 

Table 5  Match data for students who completed the Clinical Cancer 
Medicine ISC (AY 15–20)

Specialty n (%)

Internal Medicine 11 (21.6%)
Pathology 5 (9.8%)
Pediatrics 5 (9.8%)
Radiation Oncology 4 (7.8%)
Interventional Radiology 3 (5.9%)
Neurology 3 (5.9%)
Neurosurgery 3 (5.9%)
Diagnostic Radiology 2 (3.9%)
General Surgery 2 (3.9%)
Orthopedic Surgery 2 (3.9%)
Otolaryngology 2 (3.9%)
Urology 2 (3.9%)
Child Neurology 1 (2.0%)
Dermatology 1 (2.0%)
Medicine Preliminary Year 1 (2.0%)
Obstetrics and Gynecology 1 (2.0%)
Ophthalmology 1 (2.0%)
Psychiatry 1 (2.0%)
Transitional Year 1 (2.0%)
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interventional radiology, interventional pulmonology, and 
cardio-oncology. This secondary, shorter, experience was 
designed to expose students to the multidisciplinary teams 
that are involved oncology care. For all clinical experiences, 
the course directors hand-selected faculty with whom the 
students worked to ensure that the faculty clearly understood 
the overall course objectives and goals, and could teach to 
them. The small class size of up to 12 students also facili-
tated this course individualization.

Other course activities also enabled students to person-
alize their learning experiences. For example, the Burning 
Questions presentation encouraged students to explore onco-
logic topics of their interests that were not directly addressed 
in the course and teach it to their peers. This activity was 
suggested by a student in a course evaluation survey. End-
of-course survey data indicated that the students valued this 
activity and that the personal learning opportunities in the 
course were appreciated (data not shown).

Further supporting the importance of personal learning in 
this course were data about the match. In the end-of-course 
survey, students indicated that their primary reason for tak-
ing the course was that the content would be valuable, given 
their field of choice and/or that it would help them be more 
“marketable” for match in their field of choice (Table 5). 
The end-of-course survey results indicated that most stu-
dents anticipated using the foundational science knowledge 
learned in the course in their future clinical training and 
practice (Table 3). VUSM post-clerkship students chose 
from a menu of 15 courses, and these data indicate that they 
chose the Clinical Cancer Medicine ISC to meet a personal 
need to learn more content in this area, given in what field 
they wanted to match.

Course Improvements

At the end of every AY, each ISC underwent a compre-
hensive course consultation and quality improvement pro-
cess that focused on student evaluation data, foundational 
science and patient care integration, and assessment best 
practices [20]. From these data, the course directors have 
made yearly improvements to the Clinical Cancer Medi-
cine course. These improvements included the addition 
of three Case Discussions to add a focus on breast cancer, 
prostate cancer, and colorectal cancer. Prior to this addition, 
the course highlighted only three cancers (melanoma, lung 
cancer, and CML) as a model to reinforce foundational sci-
ence knowledge and patient care concepts that were broadly 
applicable across tumor types. However, the course directors 
heard from students, over many offerings, that they wanted 
to learn more about the most common cancers in the US. 
This feedback led the course directors to add these three 
sessions to complete the coverage of the three most common 
cancers in males and females in the US.

The course directors also heard from students early in the 
course offering that it was sometimes challenging to make 
connections between the foundational science presented in 
the primary literature and the patient care activity in the 
application activity during TBL. These comments prompted 
the inclusion of a 45-min “debrief session” after completion 
of the iRAT and gRAT for each TBL to help contextualize 
the foundational sciences learned. During this debrief ses-
sion, the course director led discussed the rationale behind 
the selection of the manuscripts and explicitly made con-
nections between patient care and the foundational sciences, 
which was favorably received by students.

The course directors also made significant changes to 
course assessments based on student feedback. This included 
increasing the number of competency-based assessments 
during classroom-based sessions to make a comprehensive 
student assessment. Procuring competency-based assess-
ments from some clinical experiences was sometimes 
challenging. The course directors also reduced the clinical 
experience essay questions from three to two to ensure that 
all students had time to thoughtfully complete all course 
activities.

The Clinical Cancer Medicine ISC included material 
that is at the cutting edge of oncology. Cancer is a rapidly 
evolving field, which required the course directors to make 
course changes before each academic year. This included the 
addition of immunotherapy, other new therapeutic modali-
ties, and the use of cell-free tumor DNA. Furthermore, the 
course directors and seminar speakers consistently changed 
guidelines to cancer screening and updated clinical cases as 
guidelines were updated.

Potential Challenges

VUSM graduation requirements include that students com-
plete at least four ISCs during their third and fourth years of 
medical school. There were 15 ISCs offered covering a broad 
range of topics including diabetes, emergency medicine, 
medical imaging and anatomy, sexual health, global health, 
and palliative care [45]. Each course was offered at least 
two times per year in the highest student-demand months 
to a variable number of students based on course-specific 
capacity. Students enrolled in courses that are of the highest 
interest to them, and those courses, typically, were ones that 
were perceived as more broadly applicable (data not shown). 
Although match data indicated that students who took this 
course match in a variety of disciplines (Table 5), student 
focus group data showed that the Clinical Cancer Medi-
cine ISC was sometimes perceived as being more narrowly 
focused (i.e., only applicable to oncologists and focused only 
on molecular biology). This ISC had the capacity to enroll 
up to 12 students per offering due to limited clinical place-
ments; however, course enrollment averaged eight students 
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per offering. The course was not offered to medical students 
in AY17–18 due to lack of enrollment, for reasons that are 
unclear. After that academic year, changes to the course were 
made as described above and the course name was changed 
from Precision Cancer Medicine to Clinical Cancer Medi-
cine to highlight the clinical relevance of the course, with 
increased enrollment in subsequent years.

As shown in the sample student schedule (Fig. 2) every 
course offering demanded dedicated time by many faculty, 
diversity of classroom-based activities, and a breadth of 
clinical placements. As a result, every course offering was 
not sequenced the same due to faculty availability. In addi-
tion, every student’s schedule was different as we accom-
modated personal learning goals. Furthermore, the need to 
update course materials every AY due to the rapidly evolv-
ing landscape of cancer care led to an extraordinary amount 
of effort by our participating faculty. To help alleviate these 
challenges, VUSM has an incredible administrative team to 
support the course directors in scheduling events, reserving 
classrooms, and uploading documents and assessments to 
our VSTAR online learning platform. For our course, we 
also onboarded fellows as CBL facilitators and have cre-
ated more sustainable materials, where possible (i.e., online 
modules and video recordings).

Future Directions

In future offerings of the Clinical Cancer Medicine ISC, we 
would like to integrate additional topics into existing course 
activities and add other experiences to enrich learning. Can-
cer prevention is an important part of clinical oncology but 
is not discussed in depth in this course. We aim to give stu-
dents the opportunity to practice motivational interviewing 
skills on healthy behavioral changes such as smoking cessa-
tion in a clinical simulation setting. Furthermore, we would 
like to include a 2-h community survivorship experience to 
reinforce the psychosocial, financial, and physical implica-
tions of cancer care. While this course provides opportu-
nities to discuss cancer disparities and cancer health care 
inequity, we aim to intentionally integrate these topics across 
existing sessions.

We would like to collect data to determine the impact 
of this course on career trajectory (e.g., specialty, research 
interests) and eventual clinical practice. Given the per-
sonalized nature of the Immersion Phase of Curriculum 
2.0, there are several confounding factors that may influ-
ence clinical practice between the time students take this 
course and when they begin independent practice (i.e., 
residency). As such, we are interested in collectively 
measuring knowledge transfer and changes in practice for 
all students, post-graduation, as a result of the Immersion 
Phase Curriculum.

Conclusion

In summary, the Clinical Cancer Medicine ISC serves as 
an example of how precision oncology can be successfully 
incorporated into post-clerkship undergraduate medical 
education. This course facilitates meaningful integration 
of cancer biology and precision medicine, with active 
participation in clinical oncology experiences. The small 
size of this course and the specific educational activities 
allowed for personalized learning based on students’ inter-
ests and career aspirations, which further enhanced stu-
dent investment in the topic. Notably, most students who 
took this course were highly satisfied with the integration 
of foundational sciences with clinical experiences and 
most anticipated using the foundational science knowl-
edge acquired through this course in their future clinical 
training and practice. It is possible that course directors 
who represent medicine and research (in this case medical 
oncology, surgical oncology, and basic science in cancer 
biology) were able to collaborate successfully to deliver 
this exciting curriculum, with substantial support from the 
medical school.
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