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Summary

Objective: To summarize significant research contributions on
cancer informatics published in 2021,

Methods: An extensive search using PubMed/MEDLINE and Alt-
metric scores was conducted to identify the scientific contributions
published in 2021 that address topics in cancer informatics. The
selection process comprised three steps: (i) 15 condidate best
papers were first selected by the two section editors, (i) external
reviewers from infernationally renowned research teams reviewed
each candidate best paper, and (ii) the final selection of two
est papers was conducted by the ediforial board of the IMIA
Yearbook.

Results: The two selected best papers demonstrate some of the
promises and shortcomings of real-world data.

Conclusion: Cancer informatics is a maturing subfield of biomed-
ical informatics. Applications of informatics methods to real-world
data are especially notable in 2021.
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1 Introduction

Cancer informatics (CI) is a broad field with
several fundamental goals: 1) organizing
data in ways that are comprehensible and
meaningful to clinicians, researchers, and
patients; 2) using data to advance the treat-
ment of cancer; and 3) manipulating data
to yield new insights. In this fourth year of
the Cancer Informatics section (there was
no CI section in 2021, due to impacts of
the COVID-19 pandemic), we continue to
focus on translational and clinical cancer
informatics, with a special emphasis on dis-
parities in concordance with the 2022 Year-
book theme. As pointed out by Chaunzwa,
et al., [1] in the survey paper of the Cancer
Informatics section of this IMIA Yearbook,
“As informatics tools become integrated
into clinical decision-making, attention will
need to be paid to ensure that algorithmic
bias does not amplify existing disparities.
In our increasingly interconnected medical
systems, clinical informatics is poised to
untap the full potential of multi-platform
health data to address cancer disparities”.
In order to overcome these challenges,
technology solutions cannot be considered
in a vacuum, even those with very high
performance.

In 2022, the selection of papers in cancer
informatics intends to illuminate the current
progress of research with a focus on efforts
to translate research towards immediate
clinical applicability.
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2 Paper Selection Method

One electronic database was searched,
PubMed/MEDLINE. The search was per-
formed in January 2022 to identify peer-re-
viewed journal articles published in 2021,
in the English language, related to cancer
informatics research. The following search
was implemented:

((“Neoplasms”[Mesh] OR “chemothera-
py”)AND (“Informatics”[MeSH] OR “cancer
informatics” OR “ontologies”) AND (hasab-
stract[text] AND (“2021/01/01”[PDAT] :
“2021/12/31”[PDAT]) AND English[lang]))
NOT (“Radiotherapy Planning, Comput-
er-Assisted”’[MeSH]) NOT (“Radiotherapy,
Computer-Assisted”’[MeSH]).

This search includes several exclusion
terms related to computer-assisted ra-
diotherapy planning, to avoid previously
observed high rates of false positives.
This search yielded 3,863 results, an
infeasibly large number of titles to re-
view. Therefore, we implemented a new
filtering step using Altmetric Attention
scores (hereafter, “Altmetrics”) [2]. We
assessed the Altmetrics for all articles as
of January 18, 2022, using the rAltmetric
R package [3]. Altmetrics ranged from 0/
incalculable to 1730.6 (Figure 1). A thresh-
old of Altmetric score of 20 was applied,
resulting in 200 candidates for additional
review. The titles of these 200 articles
were manually screened by one of the two
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Fig. 1 The density distribution of Altmetric scores for the identified articles shows that a relatively small number have very high Altmetrics. The
threshold (vertical dashed line), which was chosen prior fo examination of the data, includes this distribution.

Table T Best paper selection of articles for the IMIA Yearbook of Medical Informatics 2022 in the section 'Cancer Informatics'. The arficles are

listed in alphabetical order of the first author's surname.

Section
Cancer Informatics

= Liu R, Rizzo S, Whipple S, Pal N, Pineda AL, Lu M, Amieri B, Lu Y, Capra W, Copping R, Zou J. Evaluating eligibility criferia of
oncology frials using real-world data and Al. Nature 2021 Apr;592(7855):629-33.

= Yang DX, Khera R, Miccio JA, Jairam V, Chang E, Yu JB, Park HS, Krumholz HM, Aneja S. Prevalence of Missing Data in the
National Cancer Database and Association With Overall Survival. JAMA Netw Open 2021 Mar 1;4(3):6211793.

section editors, and the abstracts of 59 of
these were manually reviewed by the same
editor in order to arrive at a candidate list
of 15 papers. These articles were selected
as final candidates.

In accordance with the IMIA Yearbook
selection process [4], the 15 candidate best
papers were evaluated by the two section
editors and by additional external review-
ers (at least four reviewers per paper). Two
papers were finally selected as best papers
(Table 1). A content summary of the select-
ed best papers can be found in the appendix
of this synopsis.
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3 Conclusions and Outlook

The two selected best papers deal with com-
plementary aspects of real-world databases
and registries, which continue to increase in
popularity for population-level research as
well as regulatory decision-making.

Liu, et al., [5] describe a computational
framework called Trial Pathfinder that was
developed and evaluated on a series of
non-small cell lung cancer (NSCLC) trials
to determine whether changing trial eligi-
bility criteria would change the results. The
simulations were conducted using a large

real-world data source of 61,094 patients
with advanced NSCLC sourced from the
Flatiron Health database, a commercial da-
tabase of curated electronic medical record
data. The authors determined that relaxing
eligibility criteria would result in small
changes to hazard ratios for critical outcomes
such as overall survival, while potentially
expanding the pool of eligible patients by at
least two-fold. This has major implications
for the future design of cancer clinical trials
and is especially pertinent to the Yearbook
theme of disparities. For example, women,
older adults, and racial/ethnic minorities
have been relatively excluded from cancer
clinical trials, and this trend appears to be
worsening over time [6].

Yang, et al., [7] assessed the prevalence
of missing data in a very large registry of
patients with cancer, and whether missing-
ness in itself was prognostic. The registry
evaluated was the National Cancer Database
(NCDB) maintained by the Commission
on Cancer. While this is not a true popula-
tion-based registry, it is nevertheless a very
large voluntary registry that has been exten-
sively used in outcomes research [8]. They
found substantial missingness, e.g., with
71% of patients with NSCLC (n=851,295)
missing data for variables of interest. When
compared to patients with complete case
data, they found a statistically significant dif-
ference in 2-year overall survival, consistent
across three important cancer subtypes (lung,
breast, prostate). This study demonstrates
the importance of metadata characteristics
in the conduct and evaluation of real-world
data registry studies. The authors note that
“Records with missing data were more
prevalent among Black patients and patients
from other racial and ethnic minority groups,
which may reflect long-standing disparities
in access to health care and cancer treat-
ment”. Whether or not it is a proxy, data
missingness must be considered within the
larger framework of disparities.

The other candidate best papers cover the
gamut of cancer informatics.

In keeping with the Yearbook theme,
Awasthi, et al., [9] discovered distinct im-
mune-oncologic pathways in African Amer-
ican men with prostate cancer. Race-specific
differences in gene expression were found to
have implications for treatment approaches,



which should be evaluated in prospective
fashion. These types of studies sit at a
challenging juncture between race, a social
construct, and ancestry, a biologic measure.

Warnat-Herresthal, ef al., [10] described
a decentralized machine-learning approach
for privacy-preserving studies. While one of
their use cases (leukemia) was in the cancer
domain, this study was felt to be too generic
for the CI section.

Several highly meritorious papers were
felt to have too much overlap with other
sections of the Yearbook, in particular the
Bioinformatics and Translational Informat-
ics section. Bagaev, et al., [11] found that
conserved pan-cancer microenvironment
subtypes were predictive of immunother-
apy response, which could be particularly
relevant for a subset of difficult-to-treat
cancers. Cheng, et al., [12] characterized
protein-protein interactions in nearly
11,000 tumor exomes and demonstrate
a correlation with patient survival and
resistance to drugs. Dentro, et al., [13]
characterized genetic intra-tumor hetero-
geneity across more than 2,500 human
cancer genomes. Hu, ef al., [14] describe
SpaGCN, a graph convolutional network
approach using multimodal data: histology,
gene expression, and spatial location. Scott,
et al., [15] further developed the concept
of genomic-adjusted radiation dose using
a cohort-based pooled analysis.

Cantini, et al., [16] undertook a systemic
benchmarking evaluation of nine joint
Dimensionality Reduction (jDR) methods.
They found that one method (intNMF) ex-
cels in clustering, whereas another (MCIA)
has good all-around performance. Given
the panoply of bioinformatics algorithms
available, these types of benchmarking
efforts are most welcome.

Absolom, et al., [17] reported on one
of the first phase three randomized clinical
trials examining the effects of an eHealth
intervention during chemotherapy. They
found that the Electronic patient self-Re-
porting of Adverse-events: Patient Infor-
mation and aDvice (eRAPID) system,
compared to usual care, improved physical
well-being at 6 and 12 weeks, although
there was no difference at 18 weeks (pri-
mary end point). We hope this is the first of
many such rigorous evaluations.
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Gould, et al., [18] describe an approach
to identify early lung cancer using routine
laboratory and clinical data. They report
an AUC of 0.86 for identifying NSCLC
up to one year prior to clinical diagnosis,
outperforming a previously validated pre-
diction model, the 2012 Prostate, Lung,
Colorectal and Ovarian Cancer Screening
Trial risk model.

Zhou, et al., [19] conducted an inter-
esting study on the effect of adversarial
images within the domain of breast cancer
mammography. They found that human
radiologists could identify the adversarial
images at a generally higher rate of success
than a deep learning-based computer-aided
diagnosis system, illustrating the need for
ongoing work in this area.

Do, et al., [20] use natural language
processing to discover sites of metastatic
disease in radiology reports collected over
a 10-year period. This encouraging paper
was ultimately not selected as a best paper
mostly due to the concern for generalizabil-
ity, since the analyzed corpus consisted of
structured radiology reports that are likely
unique to the study institution.

Finally, Mendiratta, ef al., [21] estimate
the mutation frequencies for cancer genes
across the US population. While this is a
simulation study, it nevertheless suggests
that there could be important systemic
differences in gene mutation frequencies
than are reported in large public cancer
sequencing registries.
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