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Abstract
The Accreditation Council of Graduate Medical Education mandates that all internal medicine residents gain exposure to inter-
nal medicine subspecialties including hematology and oncology. While many residents meet this criterion through inpatient 
oncology rotations, the current structure of many inpatient oncology rotations leaves little opportunity for formal education. 
We therefore designed a novel oncology curriculum consisting of one-page oncology teaching sheets to increase the number, 
breadth, and quality of formal teaching sessions on our resident inpatient oncology services. In order to evaluate the curriculum, 
we conducted pre- and post-intervention surveys of residents. From these surveys, we found that 72.2% of residents used the 
teaching sheets on their inpatient oncology rotation and that the teaching sheets led to an increase in the number of formal 
oncology teaching sessions (mean 3.4 ± 2.1 post-implementation vs 2.6 ± 2.0 pre-implementation, p = 0.008), the breadth of 
oncology topics taught (% reporting ≥ 5 topics; 26.1% vs 16.3%, p = 0.035), the proportion of residents reporting improve-
ment in overall oncology knowledge (80.2% vs 62.4%, p = 0.012), and the proportion of residents reporting improvement in 
their ability to care for patients (70.8% vs 48.9%, p = 0.013). These results demonstrate that formal oncology teaching can be 
improved on inpatient oncology rotations through a simple and easily replicable oncology curriculum.
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Introduction

The Accreditation Council of Graduate Medical Education 
(ACGME) mandates that all internal medicine residents gain 
both inpatient and outpatient exposure to the spectrum of 

clinical disorders seen in the internal medicine subspecial-
ties. This includes both hematology and oncology. To meet 
this ACGME mandate, many internal medicine residents 
rotate through inpatient medical oncology services. Unfor-
tunately, rotations through inpatient medical oncology ser-
vices do not appear to increase resident interest in the field 
of medical oncology[1]. Our anecdotal experience is that 
this finding is at least partially explained by the limited time 
available for formal teaching on inpatient medical rotations. 
As demonstrated in the iCOMPARE study, which evaluated 
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a flexible duty hour schedule for internal medicine residents, 
residents on inpatient medical services spend only 7.3% of 
their time involved in educational activities [2]. Conversely, 
the majority of their time is spent on indirect patient care 
tasks. These tasks have become increasingly burdensome as 
a result of the growing patient censuses on resident services. 
At our institutions (Brigham & Women’s Hospital and Dana-
Farber Cancer Institute), the combined inpatient oncology 
census increased by approximately 20% from 2015 to 2018 
(Brigham & Women’s Hospital Oncology Services Census 
Data, October 2015 to June 2018, unpublished). As a result, 
medicine housestaff can finish their oncology rotations feel-
ing comfortable managing the acute medical complications 
that arise in their patients in the hospital, but with less for-
mal education about their underlying malignancies.

When internal medicine residents are given the oppor-
tunity to engage in formal education, their interest in the 
field increases [3]. With this in mind, an oncology com-
mittee within the Brigham and Women’s Hospital Internal 
Medicine Residency Program developed a novel oncology 
curriculum to aid in formal teaching of the inpatient oncol-
ogy service. The goals of the oncology curriculum were 
threefold: (1) to increase the number of teaching sessions 
during any given 2-week oncology rotation, (2) to increase 
the breadth of topics discussed, and (3) to encourage and 
improve teaching in a team-based setting.

Methods

At our institutions, housestaff rotate through inpatient solid 
tumor oncology, malignant hematology, and bone marrow 
transplantation services. Each service is staffed by two 
interns, one resident, and one attending oncologist. The 
residents serve as the first point of contact for admissions, 
triage, and emergent medical management, while the interns 
operate as the responding clinicians for patients admitted to 
these services. Each member of the housestaff completes 
approximately 4–6 weeks of inpatient oncology rotations 
per year.

The oncology curriculum was developed as a pilot pro-
gram and implemented in stages over 2015–2016 academic 
year. To create the curriculum, a committee of junior and 
senior residents, one chief medical resident, and a subset of 
oncology attendings from the Dana-Farber Cancer Institute 
were convened. After discussing possible formats for the 
curriculum, the committee decided on succinct one-page 
teaching sheets that would focus on each of the major cancer 
types encountered by residents. The teaching sheets would 
include the presentation, diagnosis, staging, treatment, and 
prognosis for each of the common cancer types and would 
be written at the level of expertise of a medical resident 
(see Supplementary Material for an example—melanoma 

and renal cell carcinoma). The primary goal was for both 
residents and attendings on the inpatient oncology services 
to use the sheets as references for formal teaching sessions. 
With the sheets readily available, residents and attendings 
would not need to spend valuable time creating teaching 
materials on their own, thus decreasing the barrier to formal 
teaching sessions.

Once the format of the curriculum was finalized, junior 
and senior residents designed and wrote the collection of 
teaching sheets, working with faculty experts to ensure accu-
racy and applicability of content. The initial topics chosen 
for the teaching sheets were as follows: acute myeloid leu-
kemia, acute promyelocytic leukemia, acute lymphoblastic 
leukemia, chronic lymphocytic leukemia, Hodgkin’s lym-
phoma, non-Hodgkin lymphoma, multiple myeloma, bone 
marrow transplantation, breast cancer, colorectal cancer, 
lung cancer, prostate cancer, melanoma, and pancytopenia. 
Of note, since 2015–2016, the curriculum has expanded to 
include additional topics including: chimeric antigen recep-
tor (CAR-T) T cells, renal cell carcinoma, pancreatic can-
cer, stem cell of origin in myeloid and lymphoid malignan-
cies, pulmonary complications of bone marrow transplant, 
hepatic complications of bone marrow transplant, and graft 
versus host disease.

Once the first full set of teaching sheets were completed, 
they were made available to all attendings and housestaff 
on a residency intranet site. Prior to their inpatient oncol-
ogy rotations, housestaff and attendings received an email 
notification outlining the goals of the oncology curriculum 
and setting forth the expectation that each inpatient oncology 
team has regular formal teaching sessions led by attendings 
and upper level residents. The exact number and format of 
these sessions were left to the discretion of each individual 
team.

In order to evaluate the oncology curriculum, both pre- 
and post-intervention surveys of the residents were com-
pleted. The pre-intervention surveys were completed by 
residents who rotated on an inpatient oncology service in 
the five months prior to roll-out of the curriculum from mid-
August 2015 to mid-January 2016. The post-intervention 
surveys were completed by residents who rotated on an inpa-
tient oncology service in 5 months after implementation of 
the curriculum late January 2016 through late June 2016. 
These surveys assessed the number of teaching sessions, the 
number of topics covered, and the overall quality of teach-
ing on the resident oncology services. The post-intervention 
surveys also examined use and uptake of the teaching sheets, 
overall satisfaction with oncology learning, and the curricu-
lum’s impact on patient care. The results were anonymized 
and analyzed in aggregate at the end of the study period. 
For continuous variables, comparisons between pre- and 
post-intervention mean values were assessed using t-tests. 
For categorical variables, comparisons between pre- and 
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post-intervention frequencies were assessed using Chi-
square tests; if any cell counts were less than five, then 
Fisher’s exact tests were used. All analyses were performed 
in SAS 9.4 (Cary, NC). The survey evaluation of the oncol-
ogy curriculum was submitted to the Partners Institutional 
Review Board (IRB) for review and was deemed to be 
exempt.

Results

Study Population Characteristics

Prior to implementation of the oncology curriculum, 180 
housestaff were invited to complete a pre-intervention sur-
vey, of which 98 (54%) responded. Following implementa-
tion of the oncology curriculum, 216 housestaff were invited 
to complete a post-intervention survey, of which 115 (53%) 
responded. Six additional survey responses in the pre-inter-
vention group and four in the post-intervention group were 
excluded from the analyses because they only included one 
completed answer. Incomplete responses to individual sur-
vey questions were not included in the question’s response 
denominator. Descriptive statistics comparing individuals 
who completed the pre-intervention survey to those who 
completed the post-intervention survey are displayed in 
Table 1. There was no significant difference between the 
pre-intervention and post-intervention groups in terms of 
oncology rotation type, age, gender, number of oncology 

rotations completed during residency, interest in the field of 
hematology/oncology, or the proportion of respondents who 
were interns versus residents (p > 0.05).

Comparison of Pre‑ and Post‑intervention Survey 
Responses

Of the 115 post-intervention respondents, 72.2% (83/115) 
reported using the oncology teaching sheets during their 
inpatient oncology rotations. After the oncology curricu-
lum was introduced, residents noted a statistically significant 
increase in the number of formal teaching sessions during 
a rotation (mean 2.6 ± 2.0 standard deviation pre-interven-
tion vs mean 3.4 ± 2.1 standard deviation post-intervention, 
p = 0.008; Fig. 1a). Residents also reported a significant 
increase in the number of oncology topics covered during a 
rotation, 16.3% (16/98) covered 5 or more topics pre-inter-
vention vs 26.1% (30/115) covered 5 or more topics post-
intervention (p = 0.035; Fig. 1b). With regard to the educa-
tional benefit derived from the curriculum, 80.2% (85/106) 
of responding housestaff agreed or strongly agreed that for-
mal teaching sessions during their rotation had improved 
their overall knowledge of oncology, compared to only 
62.4% (58/93) of housestaff responding pre-intervention 
(p = 0.012; Fig. 2a). Similarly, 70.8% (75/106) of respond-
ents post-intervention agreed or strongly agreed that formal 
teaching sessions improved their ability to care for their 
patients compared to only 48.9% (46/94) of respondents 
pre-intervention (p = 0.013; Fig. 2b).

Table 1   Participant 
characteristics

Descriptive characteristics of housestaff comparing pre-oncology curriculum responders to post-oncology 
curriculum responders. Six individuals from the pre-survey group and four from the post-survey group 
were not included in the analyses, because they only responded to one question regarding the overall quan-
tity of teaching
Abbreviation: SD standard deviation

Pre-intervention
(N = 98)

Post-intervention
(N = 115)

Most recent oncology service rotated on, n (%)
  Solid tumor oncology
  Malignant hematology team 1
  Malignant hematology team 2
  Oncology night float
  Bone marrow transplant

24 (24.5%)
17 (17.4%)
14 (14.3%)
29 (29.6%)
14 (14.3%)

21 (18.3%)
20 (17.4%)
21 (18.3%)
28 (24.4%)
25 (21.7%)

Intern
Resident

63 (64.3%)
35 (35.7%)

70 (60.9%)
45 (39.1%)

Age – mean ± SD (years) 29.2 ± 2.4
[N = 93]

29.9 ± 2.8
[N = 102]

Gender, n (%)
  Female
  Male

[N = 93]
37 (39.8%)
56 (60.2%)

[N = 102]
39 (38.2%)
63 (61.8%)

Number of oncology rotations completed, mean ± SD 2.4 ± 1.3
[N = 93]

2.6 ± 1.3
[N = 102]

Indicated hematology/oncology as their field of interest, n (%) 37/94 (39.4%) 30/102 (29.4%)
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Qualitative Comments on Impact of the Oncology 
Curriculum

Besides the quantitative responses, the post-intervention sur-
vey allowed respondents to write free text comments regard-
ing their impressions of the oncology curriculum teaching 
sheets. These qualitative comments highlighted the curricu-
lum’s ease of use, relevance, and versatility. For example:

[The oncology curriculum teaching sheets [f]ocused on 
topics relevant to current active patients… and seemed to 
be [at] a good level for me as a resident teacher and the 
interns [and] med student. I learned the topics I taught 
about in much greater depth and am retaining the infor-
mation more easily. I was able to try a few different teach-
ing approaches - discussion, chalk talk, asking questions 
versus presenting information. It was a good reminder 
to teach more and tackle short topics - including those 
beyond the topics included in the onc curriculum.
The [oncology teaching] sheets are a tremendous refer-
ence material for sitting down one on-one with the intern.

Such comments also noted unintended benefits of the cur-
riculum, such as facilitation of independent, individual learning:

[The curriculum was] crucial for my independent per-
sonal learning and… incredibly high yield.
There isn't time for adequate teaching on the service 
because you are so busy with patient care. I really like 
the sheets, because I can use them individually.

Several faculty involved in creating the oncology curriculum 
teaching sheets with residents submitted unsolicited commen-
tary (collected separately from the formal surveys) that demon-
strated the curriculum was also valued by faculty and that the 
project promoted relationships between faculty and residents:

It was a pleasure working with _____, she did a great 
job with this!
This is a major contribution to our residency.

Discussion

Through the creation of an oncology curriculum consist-
ing of succinct, one-page oncology teaching sheets, we 
aimed to improve the formal educational teaching on our 
inpatient oncology rotations. We found that implementation 

Fig. 1   a Frequency histogram 
comparing trainee-reported 
number of formal teaching ses-
sions on oncology rotations pre- 
and post-implementation of the 
oncology curriculum teaching 
sheets. b Frequency histogram 
comparing trainee-reported 
number of oncology topics 
covered in formal oncology 
teaching sessions during oncol-
ogy rotations pre- and post-
implementation of the oncology 
curriculum teaching sheets
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of the curriculum was associated with statistically signifi-
cant improvements in the quantity and breadth of oncology 
teaching and led to self-reported improvements in oncology 
knowledge and the ability to care for oncology patients.

Existing literature suggests that the development of core 
educational curricula are essential for internal medicine resi-
dent training [4]. However, the current internal medicine 
resident training environment leaves little room for such for-
mal education. Duty hour restrictions, indirect patient care 
responsibilities, and rising patient censuses prevent residents 
and attendings from preparing and conducting formal edu-
cational sessions [2, 4]. To cope with such challenges, novel 
educational tools focused on efficient learning, spaced learn-
ing, and right-timed learning are required. Our curriculum 
was designed to meet these goals. By creating readily avail-
able, high yield lesson plans in the form of teaching sheets, 

we intended to significantly reduce the time required of 
residents to create a teaching plan for interns on their team.

The need for oncology-specific education within internal 
medicine residency training is also increasing. Primary care 
physicians and other internal medicine specialists play an 
increasingly important role in the care of oncology patients 
and cancer survivors following their primary oncology 
treatment [5]. Yet oncology teaching tools are lacking or 
insufficient at many North American training centers [6, 7]. 
This is despite evidence demonstrating that implementation 
of such tools improves resident interest and knowledge in 
medical oncology and its related fields [8, 9]. In a study with 
results like our own, Lycan et al. randomized 29 internal 
medicine residents to receive either a traditional American 
Board of Internal Medicine oncology review lecture focused 
on management of acute complications in cancer patients or 

Fig. 2   a Frequency histogram 
comparing trainee-reported 
improvement in general oncol-
ogy knowledge by formal 
teaching sessions pre- and post-
implementation of the oncology 
curriculum teaching sheets. b 
Frequency histogram comparing 
trainee-reported improvement 
in the ability to care for patients 
pre- and post-implementation of 
the oncology curriculum teach-
ing sheets
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an oncology-specific lecture reviewing landmark studies in 
oncology treatment and prognostication. Similar to our find-
ings that residents judged the oncology-specific curriculum 
to improve their ability to care for patients, the investiga-
tors showed that resident exposure to the landmark studies 
lecture resulted in superior prognostication and less inap-
propriate withdrawal of care when residents were queried 
in post-lecture clinical vignettes [3].

Moving forward, it will be necessary to determine 
whether our oncology curriculum led to objective changes in 
resident knowledge of oncology and improvement in the care 
of oncology patients. The former could be assessed through 
Internal Medicine In-Training Examination results, while 
the latter could be determined through objective measures 
of patient outcomes. In addition, it will be crucial to explore 
the effect of the curriculum on competency-based resident 
education in internal medicine [10]. Given the success of 
the oncology curriculum, we have continued to update the 
teaching sheets with the goal of revisiting content annually 
with faculty experts. We are in the midst of the 2020–2021 
update of our current teaching sheets with an expansion of 
the curriculum to new topics, such as immunotherapies and 
their complications, the impact of the COVID-19 pandemic 
on treatment decisions, and an overview of bone marrow 
conditioning regimens. A survey reassessment of the curric-
ulum is planned for the current academic year, 2020–2021.

Our study had several important limitations. First, the 
survey response rate in our study was only 53–54%. How-
ever, this rate of response is comparable to similar studies in 
the literature [5–7, 11, 12]. Second, though our study cap-
tured self-perceived resident competence and knowledge in 
oncology before and after implementation of our oncology 
curriculum, we did not collect objective measures of these 
parameters. Third, our results could be confounded by the 
natural maturation of residents and interns over the course 
of the training year in which implementation of the oncology 
curriculum took place. Fourth, it is possible that the resi-
dents who participated in the survey bias the results in favor 
of the oncology curriculum. Because we do not have data for 
the non-responding residents, we cannot quantify the extent 
to which possible participation bias may affect results.

In sum, a resident-designed oncology curriculum resulted 
in increased quantity and quality of formal oncology teach-
ing on inpatient oncology rotations. We believe that such a 
curriculum could be easily expanded both within our own 
residency program and to additional residency programs that 
are interested in improving inpatient oncology education. 
Lastly, we expect that these teaching sheets will be valuable 
tools for attendings as well as residents given the increased 
outpatient subspecialization of academic oncologists and the 
challenge that this poses for teaching on a general inpatient 
oncology service.
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