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MAQC-II Review of Data Analysis Protocols (DAPs)

Date:
Time:
Duration:

Audio:
Dial-in Number:

Conference Code:

WebEx:
Meeting Number:

Meeting Password:

MAQC-II Review of Data Analysis Protocols (DAPs)

Wednesday, January 9, 2008
6 am PST /8 am CST /9 am EST /2 pm GMT
Up to 5 hours, if needed

1-866-296-6844 (Toll-free; US only)
+1-816-249-4809 (International)

8549731585

333006 275

To join the online meeting:
1. Go to https://rosettabio.webex.com/rosettabio/].php?ED=95847732&UID=56590852

MAQC-II

2. Enter your name and email address.
3. Enter the meeting password: MAQC-II

4. Click "Join".

We are grateful to Dr. Mette Peters (Mette_Peters@rosettabio.com) of Rosetta Biosoftware for providing

the TC and WebEx bandwidth to the MAQC-I1.

Leming.Shi@fda.hhs.gov (Tel: +1-870-543-7387)
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MAQC-II Review of Data Analysis Protocols (DAPs)

Agenda

Overview of the Agenda (Leming Shi, 5 mins)
DAP submission and review processes (RBWG — Greg/Tim/Lakshmi, 10 mins)

Survey of the 33 DAPs (Attachment #1), revisit of MAQC-II objectives (Attachment #2), and
thoughts and suggestions (Leming Shi, 30 mins)

General discussion on the DAPs and the review comments (All participants, 30 mins)

Discussion on the DAPs from six European teams (DAT# listed in Attachment #3):
Spheromics — Trygg Bylesjo Scherer (#25)
Almac — Jurergen Frese (#35)
CIPF - Joaquin Dopazo (#6)
DKFZ — Benedikt Brors (#8)
FBK — Cesare Furlanello (#14)
SIB - Vlad Popovici (#24)

Discussion on the DAPs from four Chinese teams:
CBC - Liang Zhang (#1)
CAS - Tieliu Shi (#2)
Tsinghua — Xuegong Zhang (#27)
ZJU - Xiaohui Fan (#36)

Discussion on the DAPs from 18 US teams:
According to the order shown in the December 06, 2007 list of Data Analysis Teams (DATs) —

Attachment #3

Next steps
Update your DAP and submit it to Leming.Shi@fda.hhs.gov; not to be further reviewed.
Apply your DAP to the data sets
Report models to MAQC-II (template to be developed and provided soon)
Observe the timeline listed on the first page of this document
Plan to attend the next MAQC face-to-face meeting

Other items

Attachments:

g

“Survey of MAQC-II Data Analysis Protocols (DAPs)”, January 8, 2008 (Leming Shi)
“Considerations on the MAQC-II Data Analysis Process”, July 10, 2007 (Leming Shi)
“Data Analysis Teams (DATs) in the MAQC-II", December 6, 2007 (Leming Shi)

“The Matthews Correlation Coefficient (MCC) as a Possible Performance Metric for Assessing the
Quality of Classifiers Being Developed by the MAQC Project”, September 13, 2007 (Huixiao Hong
and Leming Shi)

“If a Statistical Analysis Plan (SAP) is hardwired to a specific data set, we will more likely end up
fitting to noise.” Dr. Kenneth Hess (M.D. Anderson Cancer Center), MAQC-7 @ SAS

09JAN2008 2/3
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MAQC-II Review of Data Analysis Protocols (DAPs)

Thoughts and Suggestions from Leming Shi

The purpose of the DAP is not to produce the most “accurate” classifier for a particular data set, but rather
to evaluate the general data analysis workflow and to determine whether the workflow works reasonably
well on different data sets (endpoints); that is why we are working on multiple data sets (endpoints). It is
expected that some workflows will be more robust (work on most data sets), whereas other workflows
may be more prone to overfitting and may not extrapolate well to external validation data sets.

An important goal of MAQC-II is to determine the relative importance of modeling factors to the model’s
performance so that a general data analysis procedure that is likely to work outside of the MAQC-II data
sets may be identified.

We have spent a lot of time over the past several months on almost every issue in the model
development/validation process. 1 feel that it is time to make some “tough™ decisions so that we
can move on. The following are some examples:

1. Performance metric: Matthews Correlation Coefficient (MCC) — Attachment #4. Other metrics can
also be provided, but the MCC will be used as the primary metric across all the data sets (endpoints).

2. Normalization/summary methods: While single-array normalization/summary methods are preferred
for practical reasons, multiple-array normalization/summary methods such as RMA should be
allowed as long as the training set and the confirmatory (“validation”) set are normalized/summarized
separately, or the training data remain unchanged when the confirmatory data are to be
normalized/summarized together with the training data.

3. One versus multiple models per data set (endpoint) per Data Analysis Team (DAT): To address

multiplicity issue, it is important for each (DAT) to provide one and only one “best” model for each
data set (endpoint) for “validation” purpose. Meanwhile, it is of critical importance for each DAT to
also report all the models that are being explored as a result of the many different combinations of the
modeling factors described in the DAP. These “research™ models will be essential for us to delineate
the relative importance of the many modeling factors on a model’s performance. However, such
“research” models should not be considered as “validated” by the confirmatory data set even if they
may perform much better than the chosen “best” model. If the “best” model performs the best in
predicting the confirmatory data, we should be happy. However, if it performs much worse than the
“research” models, we need to find out why and learn something. Each DAP should clearly state the
total number of models to be explored per data set (endpoint).

4. One “best” model per data set (endpoint) for the MAQC-II: Before confirmatory (“validation”) data
sets can be distributed, the MAQC-II will need to pick its “best” model for each data set (endpoint) to
avoid multiplicity issue since the MAQC-II is one single team. A face-to-face meeting should be
very helpful to make such decisions.

5. Internal validation performance needs to be reported: It will allow us to examine the degree by which

the model’s performance may be overestimated in external validation.

6. Model reporting template: Volunteers are needed to develop a template for reporting models.

7. Executables for independent prediction: Each DAT should plan to make its model prediction in an
easy to use form by a third party for independent prediction.

8. The 8" MAQC face-to-face meeting: I propose that we have the next (8") face-to-face MAQC

meeting in late March or early April, 2008 when models will have been generated and reported to the
MAQC-II. Things to do: Reporting models; Selecting MAQC-II's “best” models; Distributing
validation sets; Developing MAQC-II's “best” practice for model development and validation;
Identifying additional data sets to test/validate the “best” practice.

09JAN2008 3/3
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Considerations on the MAQC-II Data Analysis Process
Leming.Shi@fda.hhs.gov July 10, 2007

Development of Generic Data Analysis Plans

Review of Data Analysis Plans

Release of Confirmatory (“Validation™”) Data Sets
e “One Team, One Plan, for All Data Sets”

“If a Statistical Analysis Plan (SAP) is hardwired to a specific data set, we will more likely end
up fitting to noise.” Dr. Kenneth Hess (M.D. Anderson Cancer Center)

[ I

e

=000 N

Key Steps in MAQC-II Data Analysis

Explore all training data sets: Learn “best practices” for model development.

Develop a generic data analysis plan (DAP): The DAP should not be “hardwired” to a
specific data set; otherwise, we will more likely end up over-fitting.

Review and approve the generic DAP: Consensus is needed through open discussions.
Apply the generic DAP to all training data sets: Hard to conclude with only one data set.
Report classifiers and performance metrics (internal validation) to WG co-chairs: Many
classifiers; one to be highlighted for “validation™.

Distribute confirmatory (validation) data sets: Microarray data only.

Report prediction results from all classifiers to WG co-chairs: 0s and 1s.

Calculate classifier performance metrics (external validation) by WG co-chairs.

Switch training and confirmatory data sets: Repeat Steps 4-8.

. Meta-analysis of the “matrix of performance metrics”: Determine the relative impact of

different factors on model performance.

4 Sept. 07

All 3 : .
Generic Review &
Training ExP:; ;:: - Data Approval
Data Sets Asialvals Analysis of DAP by

ys Plan (DAP) Consensus
i Nov. '07
3 6
Many All L
Oct. '07 | Classifiers Confirmatory Prediction
(One for (“Validation”) Results
“Validation”) Data Sets
=3 8
Internal Validation External Validation
Performance Performance
10
Dec. '07 Matrix of '
Performance MAQC-I| Data Analysis Steps
Metrics Draft July-10-2007
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Our Challenges - Too many factors/options for the development of predictive models: In his
presentation on “Predictive Modeling Analysis Factors” during the 7" MAQC meeting at SAS,
Dr. Russ Wolfinger correctly pointed out that “we’re wandering through a fairly complex space
and a large number of dimensions.” Russ showed a list of factors and options that might be
considered during predictive modeling (see pages 4 and 5). The number of combinations is
already extraordinary even without considering your own “favorite” options for these factors.
The challenge to the MAQC-II data analysis is how to cover the millions of combinations.
While SAS Institute is using a Design of Experiments (DOE) approach to derive a subset of
combinations that cover the space, most data analysis teams will most likely be able to explore
only a few of combinations of the factor space.

Multiple Types of Data Sets: One fundamental objective of the MAQC-II project is to
investigate the impact of different factors on the performance of predictive models (classifiers).
However, we cannot draw any concrete conclusions by simply examining only one data set,
where “sample size” would be one (in terms of the number of data sets). That is why we have
been working very hard to solicit and decide on multiple data sets under the MAQC-II (Table 1).

Table 1. Summary of Data Sets Being Analyzed by MAQC-11

No. | Disease/Study Type Endpoint Training Set Validation Set
1 Hamner TGx Lung Tumor Hamner Hamner
2 Iconix-EPA TGx Liver Tumor Iconix Iconix, EPA
3 NIEHS TGx Liver Toxicity NIEHS* ?
; MDA
4 Breast Cancer L s Ou.tcome’ MDACC . =
Prognosis Institut Jules Bordet
) UAMS, Millennium
. i, Univ. Heidelberg
5 Multiple Myeloma Treatment Outcome; UAMS ) .
Subtypes Univ. Milan
Univ. Hospital Montpellier
6 Neuroblastoma Prognosis; Subtypes | Univ. Cologne Univ. Cologne

* The only training data set not yet distributed to data analysis teams.

One Generic Data Analysis Plan for All Data Sets: Applying one data analysis procedure on
one data set and another data analysis procedure on another data set will not help us draw any
solid conclusions. That is why I have been advocating the idea for each data analysis team to
first explore all the MAQC-II training data sets and then develop a generic Data Analysis
Procedure (DAP) that will be reviewed, modified, approved, and then applied to all the
MAQC-II training data sets. 1 strongly believe that it is essential to implement this procedure in
MAQC-II data analyses; otherwise, we will not be able to populate the “matrix of performance
metrics” illustrated as Table 5 in the MAQC-II Research Plan (copied here on page S for your
convenience). The “one team, one plan, for all data sets” proposal will also greatly help the
process of the review of analysis plans.

Considerations on the MAQC-II Data Analysis Process 2/6
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I would like to bring your attention to a quote from Dr. Kenneth Hess (M.D. Anderson Cancer
Center) at the 7" MAQC meeting at SAS Institute: “If a Statistical Analysis Plan (SAP) is
hardwired to a specific data set, we will more likely end up fitting to noise.”

External Validation Data Sets: Unique to the MAQC-II (thanks to our data providers), we will
have at least one confirmatory (“validation™) data set for five of the six disease/study areas
(Table 1). The timing for the release of these precious data sets is critical and we are doing our
best to retain the independency of these data sets from the model development process.

It is my understanding that many data analysis teams are spending a lot of time exploring the
distributed MAQC-II training data sets and are expected to have a DAP developed by September
2007. In fact, several teams told me that their data analysis procedures are (almost) fixed and are
being applied to different data sets.

Each data analysis team’s DAP should be reviewed, commented and agreed upon at least by
other data analysis teams in a completely transparent manner, i.e., not anonymous. I am sure that
each data analysis team will welcome input from those not directly involved in data analysis but
are willing to contribute their expertise to improve the DAP. Thus, all the MAQC-II participants
(including those in the RBWG) who are interested in improving the DAPs are encouraged to
participate in the open review and comment process. If a data analysis team’s DAP is agreed
upon by the majority of other data analysis teams, 1 would suggest that a copy be sent to RBWG
for further comments, keeping in mind that all reviews (including those among data analysis
teams and by RBWG) are meant to be advisory, and not mandatory, to the data analysis team.

1 encourage all of you actively help improve the DAPs through direct interactions with the data
analysis teams. [ think that this will give your constructive comments and expertise the best
chance of enhancing the DAPs. It is important for us to keep in mind that the MAQC-II project
will be peer-reviewed as one single team when our manuscripts are submitted for publication.
We must work like one team now.

Table 5 of the “MAQC-11 Research Plan”: Populating the matrix of performance metrics

Performance Metrics
1 2 3 . . . om
- 1 PM, ; PM; > PM, 3 : ; . PM;
§ 2 PM, PM;, | PMy; : : . PM;
E 3 PM3 PM3 PM;3 ; : ; PM3
=
=]
-
z
=
.g
=
=
< n | PMa; | PMay | PMys . . .| PMua
Considerations on the MAQC-II Data Analysis Process 3/6
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Predictive Modeling Analysis Factors

Russ Wolfinger, May 25, 2007 @ the 7" MAQC face-to-face meeting

1. Initial Preprocessing
None
Background Subtraction
Other instrument-specific methods

2. Data Transformation
None
Log
Shifted Log
Generalized Log
Cube root
Rank

3. Data Summarization (for probe-level data)
Mean
Median
Median Polish
Trimmed Mean
MASS, PLIER
MBEI, MMEI

4. Data Normalization (on rows of wide matrix)
None
Mean
Median
Mean and Variance
Median and Absolute Deviation
InterquartileRange
Quantileto reference quantiles
Normalization to reference data of some type

5. Basic Predictor Reduction
None
Filtering based on instrument-specific flags

Filtering based on simple statistics, ¢.g. drop a fraction of low intensity and/or low

variance genes

6. Predictor Standardization (on columns of wide matrix)
None
Center to Mean Zero
Scale to Unit Variance
Other Location/Scale standardization

Considerations on the MAQC-IT Data Analysis Process
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7. Statistical Predictor Reduction
K-Means representatives
Gene-by-gene ANOVA / mixed model (includes t-test and heterogeneous t-test as special
case)
Permutation tests
Nonparametric (e.g. Wilcoxon)
Bayesian and EB methods
High breakdown methods

8. Predictive Modeling Methods
Discriminant
Distance Scoring
General Linear Modeling
K Nearest Neighbors
Logistic Regression
Partial Least Squares
Partition Trees
Radial Basis Machine / SVM

9. Cross-Validation Methods
Random Splits
Stratified Random
K-Fold Random
K-Fold Block (includes LOO)
K-Fold Split

10. Performance Criteria
Accuracy
Specificity and Sensitivity
AUC, pAUC
RMSE

How to Cover Millions of Combinations?
Possibility: Experimental Design Approach
Consider previously described aspects as factors in an experimental design.
Use Design of Experiments (DOE) to derive a subset of combinations that cover the
space
Assume no higher than two-way interactions between factors
Predictive modeling factor likely the largest because of nesting of options

Considerations on the MAQC-II Data Analysis Process 5/6
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MAQC2 TOXICOGENOMICS WORKING GROUP TELECONFERENCE

JULY 11, 2007: Dial toll-free 866-653-7616 (US and Canada); toll number
(overseas): 210-795-6025; participant passcode 6907138.

We will have two items on the agenda as we resume our teleconferences:
A. DISCUSSION OF PROPOSAL FOR REVIEW PROCESS FOR DATA ANALYSIS PLANS
We would like to discuss a proposal for the review process in MAQC2.

1) REVIEW DAY: A single, one-day meeting (or Webex) in which the analysis teams, as well as any other member
of MAQC?2 interested in reviewing the data, would have a chance to discuss their review the data analysis plans
(DAP) generated by all the other analysis teams. The Review Day will be scheduled approximately 30 days from the
release of the last training dataset in order to allow for a broad application of the algorithms across multiple datasets.
Generic Data Analysis Plans for each analysis team will be sent to all members of the analysis teams as well as
anyone else within MAQC who would like to review the DAPs a week before Review Day. A table summarizing the
results from the DAPs across analysis groups would be distributed a few days before this meeting. On Review Day,
feedback from reviewers will be presented in the morning meeting. In the afternoon, the review results for each
DAP will be collated. Three possible outcomes will be reported:

a. Consensus Approval
b. Consensus Rejection
¢. Conditional Approval

DAPs which receive Consensus Approval on Review Day will trigger release of confirmatory datasets for each
analysis group submitting these DAPs. DAPs which receive Conditional Approval will be re-submitted within two
weeks after updating with proposed changes to review through email and will be approved if a consensus through
email is reached that the changes requested have been completed. Rejected DAPs will be re-submitted in a second
Review Day to be scheduled 30 days afier the first one.

2) GOAL OF REVIEW: The purpose of this review, as has been the goal of the MAQC collaboration since its
inception, will be to learn from the work of a matrix of statisticians and scientists and to freely share the lessons we
learn from these analyses.

3) OUTCOME OF REVIEW: The outcome of this review will be to assess whether the results from the analysis of
the training sets synthesized in the Data Analysis Plans were ready for a challenge with the confirmatory datasets.

4) TIMELINE:

DAY  ACTIVITY

0 Release of the last training dataset

23 A Generic Data Analysis Plan (DAP) for each analysis team is distributed to all other analysis teams as

well as to any other members of MAQC who would like to participate as reviewers for these DAPs.
30 REVIEW DAY

31 Release of confirmatory datasets for each analysis group submitting DAPs receiving consensus approval on
REVIEW DAY.

45 DAPs which receive Conditional Approval on REVIEW DAY are re-submitted after updating with
proposed changes to review through email.

60 DAPs rejected on REVIEW DAY will be re-submitted in a second REVIEW DAY.

Any additional review of these data will be welcome, since these will contribute to what we will learn about
classifiers, but the release of confirmatory datasets will not be contingent on additional review.

B. THE NIEHS DATASET
Discussion of data analysis for the NIEHS dataset.
Thanks, Federico
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The Matthews Correlation Coefficient (MCC) as a Possible Performance Metric for
Assessing the Quality of Classifiers Being Developed by the MAQC Project

Huixiao.Hong@fda.hhs.gov & Leming.Shi@fda.hhs.gov

September 13, 2007

We suggest that the Matthews Correlation Coefficient (MCC) be considered as a metric for all
data sets for assessing the performance of binary classification models being developed by the
MAQC consortium. We offer this suggestion in hope of stimulating on-going discussions within
MAQC RBWG on performance metrics. Comments on our proposal and alternative proposals
from MAQC participants are most welcome.

The MCC is defined as follows:

TPxTN - FPxFN

MCC =
J(TP+FN)(TP + FP)(TN + FN)(TN + FP)

It returns a value between -1 and +1. A coefficient of +1 corresponds to totally correct
predictions, 0 to an average random prediction, and -1 to totally incorrect predictions. A positive
MCC value corresponds to better than random prediction (informative) and a negative value to a
worse than random (uninformative) prediction. Importantly, the MCC similarly characterizes
prediction accuracy regardless of the distribution of samples between classes. In contrast, a
global metric such as Accuracy can be misleading when samples are unbalanced between classes.

While there is no perfect way of characterizing the confusion matrix of true and false positives
and negatives with a single number, the MCC is generally regarded as being one of the best such
measures. The MCC uses all four numbers (7P, TN, FP, and FN) and often provides a more
balanced evaluation of the model than other commonly used performance metrics such as:

Accuracy = (TP + TN) / TS

Sensitivity = TP/ AP = TP / (TP + FN)

Specificity = TN /AN = TN /(TN + FP)

Positive Predictive Value (PPV) = TP/ PP = TP/ (TP + FP)
Negative Predictive Value (NPV) = TN /PN = TN /(TN + FN)

The Confusion Matrix
Total Samples (T5) Actual Positives (4P) Actual Negatives (AN)
Predicted Positives (PP) True Positives (TP) False Positives (FP)
Predicted Negatives (PN) False Negatives (FN) True Negatives (TN)

References:

1. Matthews BW (1975). Comparison of the prediction and observed secondary structure of T4
phage lysozyme. Biochim. Biophys. Acta, 405: 442-45].

2. Baldi P, Brunak S, Chauvin Y, Andersen CAF, Nielsen H (2000). Assessing the accuracy of
prediction algorithms for classification: an overview. Bioinformatics, 16: 412-424.

3. http://en.wikipedia.org/wiki/Matthews_Correlation_Coefficient
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Summary of the WebEx Meeting on MAQC-II Review of Data Analysis Protocols (DAPs), Jan. 9, 2008

Summary of the WebEx Meeting on
MAQC-Il Review of Data Analysis Protocols (DAPs)

WebEx Meeting Date: January 9, 2008
Summary Date: January 13, 2008

Leming.Shi@fda.hhs.gov (Tel: +1-870-543-7387)

The objectives of this meeting were:

e To discuss the review comments on the 33 Data Analysis Protocols (DAPs) developed by 28
Data Analysis Teams (DATs);

e To ensure that MAQC-II participants understand the next steps and timelines for the project;

e To decide on a few important issues related to data analysis and submission of results.

Over 50 participants attended the WebEx, representing the vast majority of the 28 data analysis
teams. Each data analysis team attending the WebEx summarized the comments made on its
DAP. Review comments were made available to data analysis teams at the MAQC-II fip site.
The meeting Agenda and associated important information on MAQC-1I data analysis can be
found in “MAQC-II_Review_DAPs_Agenda_Attachments_09JAN2008.pdf’, which was
distributed by Leming Shi before the WebEx.

DAP submission and review processes:

Tim Davison (Asuragen) and Lakshmi Vishnuvajjala (FDA/CDRH) described the DAP
submission and review processes coordinated by the Regulatory Biostatistics Working Group
(RBWG). The extended deadline for DAP submission was November 13, 2007. Each submitted
DAP was made available to all data analysis teams and assigned to four reviewers for comments,
two from the “neighboring” data analysis teams in numerical order and the other two from the
RBWG volunteers.

Summary of the 33 DAPs:

Thirty-three (33) DAPs were submitted to the MAQC-1I from 28 data analysis teams

(organizations), with contributors from at least nine countries (US, China, Finland, Germany,

Italy, Spain, Sweden, Switzerland, and UK). The MAQC-II consortium is grateful to the data

analysis teams for developing their thoughtful DAPs and for the individuals who provided

constructive comments on the DAPs for further improvement. The 33 DAPs explored a large
number of combinations of various modeling factors, including:

e Normalization methods: 14 normalizations methods have been used in at least one DAP, with
MASS, RMA, and gcRMA being the most frequently chosen methods for the Affymetrix
platform data;

e Classification methods/algorithms: 50 classification methods have been used in at least one
DAP, with SVM, KNN, and random forest being the most frequently chosen methods;

¢ Similarly, there were many options for each of other modeling steps such as feature filtering,
feature selection, and batch-effect removal;

e Internal validation: Six internal validation procedures were proposed to estimate a model’s
performance and/or to guide the model development process, with 10-fold cross-validation

13JAN2008 1/4
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(10-CV), leave-one-out cross-validation (LOOCYV), and 5-fold cross-validation (5-CV) being
the mostly frequently chosen approaches;

e Performance metrics: 12 performance metrics have been proposed in at least one DAP to
measure the overall performance of a model and its prediction of confirmatory data, with
overall accuracy, AUC (Area Under the Receiver Operating Characteristic Curve), and the
Matthews Correlation Coefficient (MCC) being the most frequently used.

MAQC-11 is not a competition:

Leming Shi emphasized that the MAQC-11 project was not meant to be a competition among
participants to develop the “best” model for each of the six data set (13 endpoints); instead, it isa
collaborative research project aims to develop a general data analysis procedure that is likely
applicable to future data sets. Therefore, the purpose of the DAP is not to produce the “best”
model for a particular data set, but rather to evaluate many data analysis workflows and to
determine whether a workflow performs reasonably well on different data sets (endpoints); that
is why we are working on multiple data sets (endpoints). It is expected that some workflows will
be more robust (work on most data sets), whereas other workflows may be more prone to
overfitting and may not extrapolate well to external validation data sets. An important goal of
the MAQC-II is to determine the relative importance of modeling factors to a model’s
performance so that a general data analysis procedure that is likely to work outside of the
MAQC-II data sets may be identified and recommended as MAQC-I1I’s “best” practices. Each of
the many models to be developed by the MAQC-II will be characterized by several performance
metrics (Y), for both internal and external validation, and a sequence of decisions (e.g.
normalization and classification methods) to be made along the modeling steps (X). Mining this
“matrix of performance matrix” is expected help us identify the most important factors for
developing predictive models; therefore, “good” and “bad” models are equally important to
reach this goal and should be submitted. Each model represents a sample in the modeling space.

Performance metrics:

We had lengthy discussions on the choice of metric(s) for measuring the performance of a model
and its prediction of confirmatory (validation/blind) data sets. With understanding that there is
no single “best” metric for all situations, we decided that the following five metrics be calculated
for each model for performance evaluation:

e Matthews Correlation Coefficient (MCC)

Overall Accuracy (ACC)

Sensitivity (SEN)

Specificity (SPE)

AUC (Area Under the Receiver Operating Characteristic Curve)

These five metrics should be considered as the minimum set of performance metrics and must be
calculated for each model to be submitted to the MAQC-II by the DAP teams. Although each
DAP team has the freedom to calculate additional performance metrics of its preference, the
aforementioned five metrics must be provided for each submitted model. Upon receiving the
prediction results from each DAP team on each confirmatory data set (endpoint), the MAQC-I1
will calculate these five metrics to judge a model’s performance in external validation. Leming
Shi expressed his strong preference of using MCC as the primary metric for measuring a model’s
performance in external validation. Each DAP team should exercise its own best judgment in
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