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Summary
Objective: To summarize significant research contributions on 
cancer informatics published in 2022. 
Methods: An extensive search using PubMed/MEDLINE was con-
ducted to identify the scientific contributions published in 2022 
that address topics in cancer informatics. The selection process 
comprised three steps: (i) ten candidate best papers were first 
selected by the two section editors, (ii) external reviewers from 
internationally renowned research teams reviewed each candi-
date best paper, and (iii) the final selection of three best papers 
was conducted by the editorial board of the Yearbook. 
Results: The three selected best papers demonstrate advances 
in federated learning, drug synergy prediction, and utilization of 
clinical note data. 
Conclusion: Cancer informatics continues to mature as a subfield 
of biomedical informatics. Applications of informatics methods 
to data sharing and federated approaches are especially notable 
in 2022. 
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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 edition of the 
Cancer Informatics section, we continue to 
focus on translational and clinical cancer 
informatics, with a special emphasis on 
data sharing in concordance with the 2023 
Yearbook theme. As pointed out by Aneja, 
et al. [1] in the survey paper of the Cancer 
Informatics section of this IMIA Yearbook, 
“Despite growing enthusiasm surrounding 
the utility of clinical informatics to improve 
cancer outcomes, data availability remains 
a persistent bottleneck to progress. Difficulty 
combining data with protected health infor-
mation often limits our ability to aggregate 
larger more representative datasets for 
analysis. Decentralized analytics, homomor-
phic encryption, and common data models 
represent promising solutions to improve 
cancer data sharing.” In order to overcome 
these challenges, technology solutions will 
need to scale beyond pilot and demonstration 
projects to national and international scales.

In 2023, 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.

2   Paper Selection Method
One electronic database was searched, 
PubMed/MEDLINE. The search was per-
formed in January 2023 to identify peer-re-
viewed journal articles published in 2022, 
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 (“2022/01/01”[PDAT]: 
“2022/12/31”[PDAT]) AND English[lang])) 
NOT (“Radiotherapy Planning, Comput-
er-Assisted”[Mesh]) NOT (“Radiotherapy, 
Computer-Assisted”[Mesh])

This is identical to the search for papers 
in 2021, including that the MeSH terms 
related to computer-assisted radiotherapy 
planning were excluded due to previously 
observed high rates of false positives. This 
search yielded 1,952 results. Next, we ex-
cluded review articles, resulting in 1,826 
articles for first-pass review. The titles of 
these articles were blindly screened for rel-
evance, resulting in 109 articles that were 
reviewed in further depth. The abstract of 
each of the 109 was blindly reviewed and 
assigned as potential candidate (n=24), 
possible candidate (n=62), and non-can-
didate (n=23). Given that the number of 
potential candidates exceeded ten, these 
articles were further evaluated to select 
ten final candidates.
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Table 1    Best paper selection of articles for the IMIA Yearbook of Medical Informatics 2023 in the section 'Cancer Informatics'. The articles are 
listed in reverse alphabetical order of the first author’s surname. 

Section 
Cancer Informatics

 Pati S, Baid U, Edwards B, Sheller M, Wang SH, Reina GA, et al. Federated learning enables big data for rare cancer 
boundary detection. Nat Commun 2022 Dec 5;13(1):7346.
 Kuru HI, Tastan O, Cicek AE. MatchMaker: A Deep Learning Framework for Drug Synergy Prediction. IEEE/ACM Trans 

Comput Biol Bioinform 2022 Jul-Aug;19(4):2334-44.
 Kondratieff KE, Brown JT, Barron M, Warner JL, Yin Z. Mining Medication Use Patterns from Clinical Notes for Breast Cancer 

Patients Through a Two-Stage Topic Modeling Approach. AMIA Annu Symp Proc 2022 May 23;2022:303-12.

In accordance with the IMIA Yearbook 
selection process (2), the ten candidate best 
papers were evaluated by the two section 
editors, senior editors, and by additional 
external reviewers (at least four reviewers per 
paper). Three papers were finally selected as 
best papers (Table 1). A content summary of 
the selected best papers can be found in the 
appendix of this synopsis.

3   Conclusions and Outlook
The three selected best papers cover a variety 
of topics of important relevance to cancer 
informatics: 

Pati et al. [3] present what they report to 
be the largest federated learning study to-
date, involving data from 71 sites across 6 
continents, to generate an automatic tumor 
boundary detector for the rare disease of 
glioblastoma. They demonstrate improve-
ments in the delineation of surgically 
excisable tumor, and tumor extent, over a 
model that was trained on public data. This 
clinically relevant proof-of-principle demon-
strates that federated learning can be used 
to address important and clinically relevant 
cancer topics.

Kuru et al. [4] address the problem of 
trying to find synergistic drug combinations 
through the use of a deep learning frame-
work. This work, entitled MatchMaker, 
seeks to overcome a serious bottleneck in 
the identification of new possibly efficacious 
combinations of drugs, which is highly rele-
vant to the treatment of cancer. They report 
substantial improvements in correlation and 
mean squared error over the next best method.

Kondratieff et al. [5] utilize electronic 
health record notes to develop clusters of 
topics using unsupervised topic modeling 
techniques. A two-stage modeling process 
built upon correlated topic modeling and 
structural topic modeling was able to iden-
tify clinically relevant topics in the notes of 
patients with breast cancer, including topical 
trends over time. This type of approach may 
surface unrecognized patient needs and may 
also enable proactive interventions for treat-
ment-related and other toxicities.

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

Fang et al. [6] tackle the challenge of dis-
tinguishing driver genes from passenger or 
neutral genes, a problem that has challenged 
the field for many years [7].

Zhang et al. [8] develop another method 
to approach the problem of identifying syn-
ergistic drug combinations, DCE-DForest. 
While similar in scope to Kuru et al. [4], this 
paper was felt to be comparatively less devel-
oped, leading to its honorable mention status. 
In a somewhat related vein, Kaczmarek et 
al. [9] utilize multi-omic data streams to 
classify cancer. This type of work seeks to 
change the histology-based paradigm that 
has been in place for well over 100 years, and 
is a welcome example of taking advantage 
of large dimensional data streams. Pu et al. 
[10] also take a multi-omic approach to the 
task of anti-cancer drug profiling through 
CancerOmicsNet, a graph neural network 
designed to predict the therapeutic effects 
of kinase inhibitors across various tumors.

Following the theme of synergy introduced 
by MatchMaker, Zeng et al. [11] developed 
RetriLite, an information retrieval and ex-
traction framework that leverages natural 
language processing and a domain-specific 
knowledgebase to find potential signals for 
combination therapy in cancer. This is also 
one of several candidate papers to use trans-
former models, which have become quite no-
torious in the past year with the introduction 
of commercial systems such as Chat-GPT and 
Google Bard, following on earlier efforts such 
as BERT and RoBERTa. Yu et al. [12] applied 
BERT and RoBERTa to the important task of 
extracting social and behavioral determinants 
of health from clinical narratives, with fairly 
good success (strict F1=0.8791).

Finally, Rogier et al. [13] introduce On-
coTox, an ontology designed to represent 
chemotherapy toxicities sourced from mul-
tiple sources such as electronic health record 
(EHR) questionnaires, semi-structured ta-
bles, and free text. Despite the increasing im-
plementation of patient-reported outcomes, 
the EHR remains an invaluable source of 
toxicity information, which is a necessary 
component of understanding the patient with 
cancer’s journey, given that overall quality 
of life and many treatment discontinuation 
decisions are driven by toxicity.
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Appendix: Summary of 
Best Papers Selected for the 
2023 Edition of the IMIA 
Yearbook, Section Cancer 
Informatics (CI)

Pati S, Baid U, Edwards B, Sheller M, Wang 
SH, Reina GA, et al

Federated learning enables big data for 
rare cancer boundary detection 
Nat Commun 2022 Dec 5;13(1):7346. doi: 
10.1038/s41467-022-33407-5

The authors present what they report to 
be the largest federated learning study to-
date, involving data from 71 sites across 6 
continents, to generate an automatic tumor 
boundary detector for the rare disease of 
glioblastoma. They demonstrate improve-
ments in the delineation of surgically 

excisable tumor, and tumor extent, over 
a model that was trained on public data. 
This clinically relevant proof-of-principle 
demonstrates that federated learning can 
be used to address important and clinically 
relevant cancer topics.

Kuru HI, Tastan O, Cicek AE

MatchMaker: A Deep Learning Framework 
for Drug Synergy Prediction
IEEE/ACM Trans Comput Biol Bioinform 
2022 Jul-Aug;19(4):2334-2344. doi: 
10.1109/TCBB.2021.3086702

The authors address the problem of trying to 
find synergistic drug combinations through 
the use of a deep learning framework. This 
work seeks to overcome a serious bottleneck 
in the identification of new possibly effica-
cious combinations of drugs, which is highly 
relevant to the treatment of cancer. They report 
substantial improvements in correlation and 
mean squared error over the next best method.

Kondratieff  KE, Brown JT, Barron M, 
Warner JL, Yin Z

Mining Medication Use Patterns from 
Clinical Notes for Breast Cancer Patients 
Through a Two-Stage Topic Modeling 
Approach
AMIA Annu Symp Proc 2022 May 
23;2022:303-12

The authors utilize electronic health record 
notes to develop clusters of topics using 
unsupervised topic modeling techniques. 
A two-stage modeling process built upon 
correlated topic modeling and structural 
topic modeling was able to identify clinically 
relevant topics in the notes of patients with 
breast cancer, including topical trends over 
time. This type of approach may surface 
unrecognized patient needs and may also 
enable proactive interventions for treat-
ment-related and other toxicities.


