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SUMMARY

Molecular profiling reports (MPRs) are critical for determining treatment options
for cancer patients. They include several pages of information on genomic find-
ings, drugs, and trial options that are challenging to synthesize for effectively
and expeditiously informing on treatment. Xu and Kowalski present a web appli-
cation, myCMIE, that synthesizes MPR content to define a patient-centric, infor-
mation system inwhichmolecular profiles are exchanged between a query case(s)
and public resources or user-input case series for context-informed treatment
and conjecture with therapeutic implication. myCMIE offers an interactive build
of coordinately connected digital-twin communities to expand our understanding
of treatment contextwithmultiple visuals to stimulate discussions among diverse
stakeholders in care.

INTRODUCTION

Critical to the use of molecular-targeted therapies in cancer is the ability to efficiently interpret the content

of a molecular profiling report (MPR), which includes lists of genomic findings, molecular biomarkers

(e.g., tumor mutation burden (TMB) and microsatellite (MS)-status), and numerous clinical trial options

alongside written summaries.1 Healthcare professionals face the complex task of interpreting these re-

ports, often more than one per patient that includes blood- and tissue-based testing, in real-time consul-

tation with other medical professionals in a molecular tumor board (MTB) setting.2 There exist several tools

that offer insights into the genetic changes associated with a patient’s tumor and relevant experimental

and approved therapy guidelines for treating it.1,2 These tools, while valuable, have primarily focused on

improved clinical trial matching with molecular alterations and not necessarily in synthesizing the breadth

of MPR content to inform on treatment insights in real time.

Recognizing the need for an improved read of MPR content, sequencing companies are expending recent

efforts to create a digital version of their content.3 This capability, however, requires a novel approach to

synthesize patient-centric information within an MPR, integrate MPR content with public resources to

leverage a depth and breadth of insights, and disseminate results in ways that are comprehensible to

multiple stakeholders in cancer care. To achieve these goals, we set out to build a patient-centric, cancer

molecular information exchange system, myCMIE.

In contrast toexisting tools,myCMIEoffers a uniqueapproach for coordinatingMPRcontent and leveragingpub-

lic resources to build insights based on it. Referred to as CO3 (Contextualizing, Connecting, Communities), our

design includes three novel ideas (Figure 1). The first idea is the combined use of key genes for which much is

known about with genes we do not know much about (a.k.a., variants of unknown significance [VUS]) to define

a whole- (total molecular) profile for the study of their combined contexture. Indeed, as we reported, the whole

profile can informgreater than the sumof the component parts.4 The second novel idea is to introducematching

of the case total molecular profile to databases in which the user is able to explore clinical outcomes and thera-

peutic responseswithin the context of caseprofile alterations. Thus, wholedata implies the use of other available

data to leverage thewhole-profile for a connected context. The third novelty is the use andderivation ofmultiple

visuals to convey the same results for their increased understanding by diverse stakeholders in care, creating a

‘‘my visual community report’’ output.

The CO3 design is implemented in the myCMIE web platform to enable the synthesis of MPR content

through an architecture that considers the whole of such content using the whole, total (molecular) profile

for whole patient care (W3). This architecture, W3, is predicated upon the design concepts of contextual-

izing to ‘‘find signatures like me’’ that form my signature community and connecting to ‘‘find profiles like

me’’ that form my molecular digital-twin community (Figure 2).
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Figure 1. Overview of contextualizing, connecting, communities (CO3) system design for a coordinate, molecular profile report content

information exchange

Schematic representation of a new analysis approach using existing, molecular profiling report content for data-driven insights with therapeutic

implications. Shown are the main design components, contextualize and connect, using required input molecular report content on two gene sets (key/main

and variants of unknown significance) from a single or case series for interrogation and molecular (signature, profile) community building. The

contextualization module builds structured content from spatial and enrichment analyses. The connection module builds case total profile-matched

neighborhoods from populated data sources (patient tumors, patient-derived cell lines), and optionally, user-defined case series. An optional medical

community is built with a user-input timeline of events (diagnosis, treatment, and molecular testing). An all-visual report companion is output.
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The potential of myCMIE to provide more comprehensive and insightful research findings is what sets it

apart in the landscape of molecular profiling interpretation tools. Currently, there are few, if any, tools avail-

able that provide such a comprehensive and integrated platform as myCMIE.2 While other tools and plat-

forms may focus on certain aspects of molecular profiling and precision medicine, myCMIE brings several

elements together into a single, cohesive system. This integration is crucial, as it not only simplifies the pro-

cess of synthesizing complex MPR content but also facilitates the comparison and association of this con-

tent with public resources in real-time, thereby broadening the scope of potential insights through

engaged discussion.

Furthermore, myCMIE stands out in its ability to stimulate research. By providing an interactive and adapt-

able platform, it empowers researchers to define datasets for interrogation and case profile matching,
2 iScience 26, 107324, August 18, 2023
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essentially enabling the creation of local molecular knowledge bases. The platform’s focus on visual

communication also fosters a more accessible and understandable representation of complex data.

Thus, myCMIE represents a significant advancement in the field of targeted therapy by providing a unique

and versatile tool that bridges the gap between the disparate content in MPRs with familiar visuals and an-

alyses for patient-focused treatment insights and in advancing research with therapeutic implications.
RESULTS

We describe a colorectal cancer (CRC) mock-up case use application of myCMIE using main and VUS re-

sults (Figure S1).
Combining knowns with unknowns: Defining a whole-profile

We re-frame individual key and VUS MPR gene lists as two gene sets and use them to create a third, ‘‘total

profile’’ by combining them, thus purporting a genomic findings inclusive approach (Figure 2A). myCMIE

builds a case molecular profile from user-input, MPR content key/main findings, and VUS genes and their

alterations (Figure S1). A case series of results may also be input and a consensus total profile derived by

myCMIE for analyses (Figure 3). By treating the gene sets (key, VUS, and total) as patient-centric, MPR-

derived signatures, a user is able to explore their context in other signatures and in connection with others

through public or user-input data, as described in the following.
Contexture targeting: Building my signature community

The contextualization module applies cancer-relevant knowledge bases to characterize location, structure,

and function within and among gene sets (key, VUS, and total) through enrichment analyses to ‘find signa-

tures like me’ (Figure 2B).

Proximal relations

The spatial analyses visualize the chromosome locations of gene sets to enable an exploration of site rela-

tions by proximity, not otherwise captured in MPR individual gene lists. As an example, applying these an-

alyses, we previously identified differential gain of chromosomal regions of 20q or 13q with loss of 8p and

18q as differentiating disease-free survival in colorectal cancer.5 Additional spatial associations are offered

within gene domains for insight into gain/loss of function mutations within the profile context that are also

not otherwise captured on existing MPRs. With our mock-up profile, we note: (1) chromosome 13q spatial

relation among four VUSes; (2) chromosome 20q spatial relations among a mix of key and VUS genes and

(3) with th exception of TP53, absence of mutation locations within functional gene domains (Figure S2).

Signature enrichment

The enrichment analyses include: pathways and interrogation of various cancer molecular signatures, an

extensive list of therapeutic relevant and spatial signatures (e.g., amplicons), and others, including those

from MSigDB (Molecular Signature Database).6 Enrichment testing is done on each gene set (key, VUS,

and total profile) to examine enrichments uncovered from the use of the whole profile that may be separate

from those distinct to and shared between key and VUS gene sets. Similarly, pathway and network analyses

are also available on gene sets. For testing signature enrichment, users can select the appropriate back-

ground gene panel. With our mock-up profile, we note significant (p < 0.05) enrichment of tumor suppres-

sor genes in all gene sets, genome integrity pathways specific to the VUS gene set, and gene and pathway-

associated targets within the key gene set (Figure S2).

Medical events

The user may optionally input or upload a file of events (diagnosis, treatment, and molecular testing) and

dates to build a medical community timeline context for result interpretation (Figure 2B).
Conjecture by connection: Building my molecular community

The connection modules leverage a case total profile for matching to larger scale populated public or user-

defined series for building a digital-twin community. In this module, the scope of samples (a.k.a., ‘‘query

pool’’) selected to match with that of the case profile defines a data neighborhood and their collection

of results, a molecular community (Figure 2C). In the following, we describe the type of connections avail-

able for query input case matching and downstream explorations.
iScience 26, 107324, August 18, 2023 3
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Figure 2. Overview of W3 (whole-data, whole-profile, for whole-patient care) platform implementation of CO3 system design

(A) Input. Required input is a list of molecular alterations from two gene sets, key/main and variants of unknown significance (VUS) contained within a

molecular profiling report. Optional input includes reported a list of clinical trials, a timeline of medical history of events (diagnosis, treatment, and testing),

and biomarkers (e.g., TMB, MS Status, and PD-L1 expression)

(B) Context. This module finds (spatially and biologically enriched) ‘signatures like me’ using both the combined (total) and separate, key and VUS gene sets.

(C) Connect. This module finds ‘profiles like me’ by matching the total profile molecular alterations with public and user-defined data collections. Digital twin

communities are determined based on user-defined, case profile matched (DT+) and unmatched (DT�) to public resources, with the option to further

balance sample sizes between them. Once matched, several downstream analyses may be explored that include drug sensitivity testing from patient-

derived cell lines, gain and loss of function prediction, the abundance of markers associated with the tumor microenvironment, and relationships among

features.

(D) Report. An all-visual report based on analyses performed that includes a digital infographic summarizing the type of profile communities built and their

degree of matching is output. See also Figures S1–S10.
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Figure 3. Examples of multiple cases for both query and molecular profile matching

Use 1. Example input of multiple cases in which the application builds a consensus molecular profile among them to form a query case for use in

contextualize and connection analyses. Use 2. Example input of multiple cases for the purpose of building a customized, user-defined case series

(e.g., clinical trial participants) to use in matching with a single query case. See also Figure S7.
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Case profile matching: Digital Twin Positive versus Negative Communities

This module performs a search for samples in public databases with similar molecular profiles and displays

results according to their ‘‘connecting score’’ defined by the distance between sample-profile pairs with the

percentage of same gene alteration types. The build includes: TCGA (The Cancer Genome Atlas),7 CCLE

(Cancer Cell Line Encyclopedia),8 GDSC (Genomics of Drug Sensitivity in Cancer),9 and DGIdb (The Drug

Gene Interaction Database)10 and takes as optional input, a user-defined database for customized match-

ing (Figure 3). A user may opt for matching to a specific cancer type or utilize pan-can case profile matching

in the case of a rare tumor and may match at the gene-, gene-alteration, or gene-protein level change.

Additionally, a user may select any combination from the key and VUS gene set to focus the matched an-

alyses. Users can select a cutoff applied to the matching rates to define a ‘‘matched,’’ digital twin positive

sample set for comparative (‘‘matched’’ vs. ‘‘un-matched’’) analyses and select a single digital twin positive

sample for within-sample analyses. A user may further relate biomarkers (e.g., TMB and MS-status) to pro-

file connections by pre-match filtering of the query pool. With case profile matching, myCMIE assumes all

other things equal, which may or may not hold and thus, interpretation is based on the use of the case pro-

file as the reference against which all other profiles are queried.

Oftentimes, there is a severe imbalance in sample size between the case profile-matched, digital twin pos-

itive community, and the user-defined un-matched, digital twin negative community. This imbalance can

affect, among other things, the ability to estimate the specific effect of profile matching between digital

twin communities. To address this issue, myCMIE includes the option to ‘match the un-matched,’ in which

a user may select MPR-included features (gender, TMB, MS-Status) to balance the sample sizes between

the digital twin positive and negative communities by similar feature distributions between them using a

propensity score approach.11 In addition to case profile matching, a similar option is available when

comparing case gene mutations versus wildtype to explore gain and loss of function.

TCGA case profile connecting analyses

This module uses TCGA data to match a case total profile (Figure 2C). An oncoplot summary displays the case

profilematching rates for a user-selected cancer type that highlights key fromVUSgenes and includesavailable

clinical annotation as features. User-defineddigital twinmatched andun-matched sample communities can be

used for comparative analyses of survival and tumor micro-enviornment immune marker abundance, Addi-

tional gain/loss of function comparative analyses utilize case profile gene mutations versus wildtype from
iScience 26, 107324, August 18, 2023 5
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user-selected resources. Each analysis includes multiple options for visualization that allows real-time adjust-

ment of sample scope, graph scales, and plot types to view. myCMIE enables the further exploration of case

profile-matched sample associations with available, combined features. With our mock-up profile, we note:

(1) a digital twin positive community of 29 MS-stable CRC patients with select, co-occurring VUS and key

gene alterations, low TMB (less than 10mutations permegabase) and near equal gender distribution; (2) a dig-

ital twin negative community of 373 un-matched caseprofileCRCpatients; (3) potential gain of function (PARP2

and KRAS) and loss of function (TP53 and APC) gene mutations; and (4) profile-matched samples with signifi-

cantly lowermedianabundanceofCD8,CD14,CD19, andneutrophils as compared to thedigital twinnegative,

un-matched samples (Figure S3). By invoking the ’match the un-matched’ option in this case due to the severe

sample size imbalance, 26 digital twin positive and negative sample communities are identified based on

feature matching of TMB and MS-status (Figure S4). As compared to prior results (Figure S3), CD14, CD19,

and neutrophils remain with signficantly lower median abundance versus the feature balanced, digital twin

negative sample community. The additionalmatching between case profile genemutation andwild-type sam-

ples showed support forAPC andTP53genes as potential loss of function andKRAS as gain of function. Due to

the small sample size in PARP2 gene mutations, wild-type matching was unable to be performed.

CCLE case profile connecting analyses

Case profiles matching human cancer cell line data are available for connection by CCLE and GDS for IC50s

(inhibitory concentration) drug data (Figure 2C). The use of this module is to interrogate compounds for

changes in IC50s within the context of case-matched profiles. Some examples of user-queried compounds

include exploration of NCCN (National Comprehensive Cancer Network) guidelines and MPR therapies

labeled as potentially ‘‘resistant.’’ The cell line matching results are used to explore, among other things,

the context of case profile gene alterations on treatment response using a case profile’s cell linematched dig-

ital twin community. With ourmock-up profile, we note: (1) two CRC cell lines with identical case profilematch-

ing, except for ARID1A mutation; (2) increased relative cetuximab sensitivity in the case profile matched cell

lines without ARID1Amutation; and (3) among ATR signaling pathway compounds, a reversal in the designa-

tion as the least and most sensitive, depending on ARID1A mutation profile inclusion (Figure S5).

Combined TCGA and CCLE case profile connecting analyses

Considering that there are some features available in TCGA that are not available in CCLE and vice-versa, a

user has the option to simultaneously case profile-match using both TCGA and CCLE data sources,

creating a hybrid digital twin community. In doing so, we are able to connect the case profile with features

distinct to each data source. For example, the feature, mutation-methylation burden12 is specific to TCGA,

but interest may lie in using profile-matched cell lines to examine the impact of this measure on altered

drug sensitivities data specific to CCLE. By case profile matching of both samples and cell lines, we are

able to perform profile contextual connections between TCGA- and CCLE-derived measures. With our

mock-up profile, we note: (1) a cluster of four CRC samples (4 TCGA and 1 CCLE) with identical case profile

matching; (2) a high methylation-mutation-derived burden in TP53, APC, and KRAS genes among four

TCGA samples; and (3) increased relative sensitivity in Wnt and ATR signaling pathways targeted com-

pounds as compared to other queried compounds (Figure S6).

User-defined case profile connecting analyses

myCMIE includes an option for users to input a customized database for matching with an input case profile, as

well as the capability to redefinemain and VUS gene sets in different contexts for analyses (Figure S7A). This op-

tion expands both the type of applications and connections (Figure S7B) and for the latter, further expands

matching to include biomarkers, when such data are available (Figure S7C). With this option, a case profile

and optional biomarker datamaybe used tomatchwith a user case series genomic, biomarker, or both genomic

and biomarker profiles (a.k.a., ‘‘extended profilematching’’). By leveraging their own data caseload (e.g., clinical

trial participants and cancer catchment area), users are able to definemolecular matches that with further study,

may reveal insights into other, non-genomic (e.g., geographical) associations. The feature to expand connec-

tions to user-defineddatabases offers a way to leverage a cancer center’s retrospective clinical sequencing cases

treatment response for prospective case profile matching to inform on therapeutic options.

Clinical trials case profile connecting analyses

Users may input MPR-generated clinical trials to construct a clinical-genomic oncoplot of trial summaries

for quick reference, replacing the often several pages of information (Figure S8). This visual summary uses a
6 iScience 26, 107324, August 18, 2023
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novel adaptation of an oncoplot and offers a technical and non-technical version with the ability to sort by

features. Importantly, the trial connection module includes real-time updates on the status of trials by con-

necting with ClinicalTrials.gov, offering a way to prospectively inform on retrospective MPRs. An additional

feature offered addresses the dynamic nature of VUSes and emerging studies designed to use them for

treatment selection. This feature includes the ability to search clinicaltrials.gov in real-time using both

main and VUS genes for expanded potential trial options (Figure S9).
Multi-visual dissemination: Building my community report

The myCMIE report output (Figure 2D) is a research companion MPR, that displays the results with diverse

visualizations to promote a broad understanding of them from diverse stakeholders in cancer research and

care. The report contains the case MPR profile with COSMIC13 database curation and includes a novel,

expanded infographic of broad matching beyond trials (Figure S10).
DISCUSSION

myCMIE is adaptable to address timely applications that involve two gene sets (Figure S7). The additional

design option of allowing a user-defined dataset both as input for interrogation and for case profile match-

ing (Figure 3), enables the further building of local community molecular knowledge bases for study. De-

ployed as a web interface, myCMIE offers an interactive, molecular data community-building experience

for a visually enhanced, MPR research companion. Adapting platform tools like myCMIE in healthcare set-

tings may present a unique set of challenges. First, there is the issue of integration with existing workflows.

Although myCMIE is designed to streamline the coordination of information in MPRs, it requires training

and familiarization for healthcare professionals to effectively use it. To address this, we have developed

a comprehensive online manual to help guide users through the platform. Another challenge lies in the

rapidly evolving landscape of cancer genomics. As new genomic alterations with potential clinical signifi-

cance are being discovered regularly, it’s crucial that myCMIE remains current and useful. To address this,

we have incorporated, when feasible, API (application programming interface) to obtain real-time updates

on populated resources.
Limitations of the study

As with any novel tool or approach, there are potential limitations and areas of improvement to consider in

the development and application of myCMIE. First, while the platform is designed to simplify through the

synthesis of complex, and disparate MPR content, the user’s understanding and interpretation of the

synthesized data are likely to be influenced by their individual expertise and background. Second, the

platform’s effectiveness relies on the quality and comprehensiveness of the data input; incomplete or inac-

curate MPRs could affect the quality of the output. Likewise, since myCMIE includes populated data and

real-time connections to data resources, the quality of public resource data may also affect report results

and interpretation. Further, while myCMIE seeks to create a more accessible and understandable visuali-

zation of complex data, the diversity of stakeholders in cancer care—each with their own unique needs and

levels of understanding—might still present challenges in ensuring that the visual outputs meet such indi-

vidual standards. Finally, the realization of the impact of myCMIE is not necessarily in changing the course

of treatment decisions but rather in offering a level of support to such decisions by considering all content

as a whole for whole molecular profile-informed treatment.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

Clinical trial studies Clinicaltrials.gov https://clinicaltrials.gov/

TCGA Omics data (Mutation/Copy number/

RNA-seq/RPPA)

UCSC Xena14 https://xenabrowser.net/datapages/?

cohort=TCGA%20Pan-Cancer%20(PANCAN)

CCLE Omics data (Mutation/Copy number/

RNA-seq/RPPA)

UCSC Xena14 https://xenabrowser.net/datapages/?

cohort=Cancer%20Cell%20Line%

20Encyclopedia%20(CCLE)

Hallmark gene sets Molecular Signatures Database (MSigDB)15 http://www.gsea-msigdb.org/gsea/msigdb/

collections.jsp

Human DNA repair genes (Wood et al. 2005)16 https://www.mdanderson.org/documents/

Labs/Wood-Laboratory/human-dna-repair-

genes.html

Drug sensitivity for cell lines (IC50) Genomics of Drug Sensitivity in Cancer

(GDSC)9
https://www.cancerrxgene.org/downloads/

bulk_download

CIBERSORT Immune cell fraction (Methylation

based)

(Chakravarthy et al. 2018)17 https://doi.org/10.5281/zenodo.1298968

CIBERSORT Immune cell fraction (RNA-seq

based)

(Thorsson et al. 2018)18 https://gdc.cancer.gov/about-data/

publications/panimmune

The drug gene interaction database DGIdb19 https://www.dgidb.org/

Census Genes Mutations COSMIC13 https://cancer.sanger.ac.uk/cosmic/download

Oncology Knowledge Base OncoKB20 https://oncokb.org

Software and algorithms

myCMIE This paper https://kowalski-labapps.dellmed.utexas.edu/

CO3inW3/

myCMIE Introduction The paper https://sites.utexas.edu/kowalski-muegge-

lab-ut-austin/applications/w3/

R (4.2.0) The R foundation https://www.r-project.org/

R Shiny (1.7.3) Posit (RStudio) https://shiny.rstudio.com/

enrichR Maayan lab https://maayanlab.cloud/Enrichr/

ComplexHeatmap (Gu Z. 2022)21 https://github.com/jokergoo/

ComplexHeatmap

chromoMap (Anand et al. 2022)22 https://github.com/cran/chromoMap

bookdown (Xie Y. 2016)23 https://github.com/rstudio/bookdown

MatchIt (Ho D. 2011)11 https://cran.r-project.org/web/packages/

MatchIt/index.html
RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources should be directed to and will be fulfilled by the lead con-

tact, Jeanne Kowalski (jeanne.kowalski@austin.utexas.edu).
Materials availability

This study did not generate new unique reagents.
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Data and code availability

d The myCMIE web application is publicly available at https://kowalski-labapps.dellmed.utexas.edu/

CO3inW3/. The omics data, drug sensitivity data, drug-gene interaction, immune cell fraction data

and gene signature data are all from public resources and their identifiers are included in the key re-

sources table. myCMIE contains two mock-up molecular profiles for illustrating modules. A detailed

user manual R book is contained within the application. The introduction page for myCMIE is available

at https://sites.utexas.edu/kowalski-muegge-lab-ut-austin/applications/w3/.

d This paper does not report original code.

d Any additional information required to reanalyze the data reported in this paper is available from the

lead contact upon request.
EXPERIMENTAL MODEL AND SUBJECT DETAILS

This study does not use experimental models.
METHOD DETAILS

Application development

ThemyCMIE web application is developed using Shiny R. To provide a user-friendly interface, the front end

of the application is extended with CSS themes, html widgets and JavaScript actions.
Application deployment and cloud computing

For deployment, the application is deployed using Amazon Web Service (AWS) based on a serverless,

containerized architecture with Docker and AWS Lambda. Additionally, an Amazon Elastic Load Balancer

is also incorporated into the deployment architecture to ensure good performance and scalability for large

group visits.
Input module

The molecular alterations may be input in tabular format or directly within the application. Users can

optionally upload a tabular file containing NCT identifiers of clinical trials with gene targets. The myCMIE

application also includes an online user manual that offers detailed descriptions for required and optional

input formats.
Contextualizing module

For spatial analyses, The R package AnnotationDbi24 is used to extract chromosome locations of genes

with alterations and chromoMap22 is used for chromosome visualization. For enrichment analyses, en-

richR25 is used to query enriched pathways and the results are visualized with ggplot26 and visNetwork

packages.27 We have developed a set of in-house functions that utilize hypergeometric tests as the core

function to conduct signature enrichment analyses.
Connecting module

Molecular data

The copy number and mutation data for TCGA and CCLE were extracted from the UCSC Xena database.28

The mRNA and protein expression data are obtained from using UCSCXenaTools R package.29

Profile connecting

The case matched profile connecting results are visualized as oncoplots using the ComplexHeatmap pack-

age.21 The connecting function in myCMIE app is not limited by the pre-populated query pools as we

provide an extension module called ‘‘Connecting (User-defined)’’ to allow users to leverage their own

case series for the query. The R package, MatchIt11 is used to dervie a propensity score for matching be-

tween digital twin communities, and between case profile mutations and wild-type samples based on user-

selected features.
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Drug sensitivity data

We obtained IC50 data on tested compounds in cancer cell lines fromGDSC (The Genomics of Drug Sensi-

tivity in Cancer).9 Users may select drugs of interest to explore their varying sensitivities using cell lines that

are matched to the case molecular profile.

Tumor micro-environment

For tumor micro-environment data, mRNA expression-30 and methylation-derived17 inferred immune

marker abundance may be compared between the ‘‘matched’’ group (profiles similar to the input profile)

and the ‘‘unmatched’’ samples.

Feature exploration

Several features are available to explore their interrelations using the case-matched patient profiles,

including: fraction of genome altered, tumor mutation burden, age, grade, etc. We have included a novel

exploration of our derived methylation-mutation burden estimation workflow.12 Currently, this workflow

has been implemented on six cancer sites of origin (colorectal, lung, pancreatic, stomach, Cholangiocar-

cinoma, and ovarian). For this feature, the methylation data and mutation data were downloaded from

NCI GDC (Genomic Data Commons) using TCGABiolinks.31

Gain and loss of function mutations

Samples with case profile gene mutations and wild-type are displayed in terms of their mRNA or protein

expression and compared to infer their implications as potential gain or loss functions within the context

of the total molecular profile.

Clinical trials

The myCMIE application connects reported clinical trials with ClinicalTrials.gov32 using NCT identifiers

provided as user-input and builds a connection to extract study content on status, phase, and cancer

type to support trial annotation and visualization. The function to search clinical trials based on input

genomic alterations employs the ClinicalTrials.gov API for real-time clinical trial queries.
User manual book

A comprehensive help manual ‘‘MyCMIE Guide’’ is contained within the application built by the Bookdown

package.33 It is formatted in a three-column, bootstrap style for a flexible reading experience, with updates

implemented in real-time for dynamic content.
QUANTIFICATION AND STATISTICAL ANALYSIS

The degree of genomic profile matching between the user input case and public databases is quantified by

dividing the total number of gene alterations from the input case that are also present in each public

resource sample by the total input profile number of gene alterations. For calculating propensity scores,

a logistic model is implemented. Survival comparisons between input profile matched versus un-matched

samples are performed using the Kaplan-Meier method. For quantitative comparisons between sample

groups, a Wilcoxon test is applied. For testing signature enrichment analyses, a hypergeometric distribu-

tion is used.
12 iScience 26, 107324, August 18, 2023
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