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To understand and detect abnormal states in any complex system requires detailed
knowledge of the accompanying normal states. This knowledge of normal versus.
abnormal patterns is of particular importance in the discovery of abnormal cells in
tissue specimens by the technology of cytometry. Typically, cytometry experts in the
general area of hematopathology examine a set of bivariate dot plots derived from a
specific reagent panel and look for the presence of cell populations that have unusual
characteristics. This investigation is often guided by ancillary information about the
patient’s clinical history and the results from other tests. These experts know the
normal expression patterns for each pair of markers and can often find small
malignant populations at a sensitivity a few tenths of a percent.
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Since the health care industry is being pressured to cut costs without loss of quality,
automating expensive medical tests is likely to play an increasingly important role in
the future. This study attempts to answer the question of whether a fully autonomous
computational system can mathematically model the complex normal development of
B-cells in bone marrow. Since B-cell malignancies are the most common form of
leukemia and lymphoma, these results may have general applicability to all clinical
cytometry laboratories.

This study will use Probability State Modeling (PSM) s the central computational
engine because of its ability to scale well with number of measurements and its
accuracy in accounting for population overlap due to inevitable errors in the
measurement process. Thirteen different listmode files from “uninvolved” bone
marrow specimens will be subjected to this automatic analysis and the results will be
compared with expert analyses of the same data. After normal B-cells are modeled,
the system detects events that for some reason are at the edges of the normal B-cell
model’s probability distribution and characterizes them.

Poster Narrative

In this study thirteen high-dimensional listmode files were used to test automatic analyses of normal

TriCOM System

Automated B-Cell Table 2: Manual Gating Versus

human B-cell lineages in bone marrow. Al thirteen of these files were reported out as being
“uninvolved” for any malignancy involving B-cells. Table 1 (below) in the Panel 2 describes the
markers, fluorochromes, and total number of events in each file. All the files were acquired on a BD
LSRIl using BD FACSDiva Software Version 4.0 and compensated for signal crossover.
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The automation analysis routines (GemStone Version 1.50, Verity Software House) were designed to
perform parameter name matching, making the system capable of full automation with a single template
document even though markers were not always in the same position in the file and not always reported
by the same fluorochrome.

Once a B-cell template document was read into the system, all of the thirteen files were processed with
an algorithm defined by a template model document. The general logic of this template model is
summarized in Panel 3. In all thirteen cases, the normal B-cell lineage was successfully modeled within
one to three minutes. Two of the generated overlay plots that summarize all the marker correlations in
the data are shown in Panel 2, bottom. Although the percentages in each stage and the marker
intensities varied greatly from patient to patient, normal B-cells always displayed the same coordination
of changes in marker intensities. As an example, when CD34 down-regulated there was a slight
increase in CD45, CD19, and CD38 while there was a slight decrease in intensity for CD10. Other
transitions in the B-cell lineage have similar patterns of reproducible coordination in markers.
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Al thirteen of the files were independently analyzed by four operators in different laboratories. The
comparisons between the manual gating and automatic modeling approaches for the staging of the
normal B-cell progressions are shown in Table 2, Panel 4. The manual gating (see Mean and SD
columns in Table 2) and the automatic modeling (see Estimate column in Table2) estimates were found
to be reasonably close to each other.
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Once normal B-cells are modeled, it is possible to find small populations that for some reason are
different than normal. Very small abnormal populations were introduced into data produced by the

modeling system to simulate the presence of minimum residual disease (see Table 3, Panel 5 for Stratification Table 3: Abnormal Populatlons
and T ing Heat Map shows the presence of these small populations

i each of the throe stages of B-cell lineage (Panel 5). The normal B-cell lineage is shown below the
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Heat Map. The new TriCOM system, Panel 6, also shows these abnormal populations with a graphical Phenotypes . 5 .

depiction of their respective phenotypes. This file was sent to four operators in different laboratories to The x-axis depicts the stages of the progression. In this B-
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conventional gating methods often missed the presence of these abnormal populations. Also, the — i N
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specimens for the presence of very small aberrant populations that may indicate resistance to current 200300 low density blue () represents lower than normal CD38.

Reading from the outside ring to the center, the top-left pie
chart shows that there is an abnormal population that is
high for CD10 and CD34, but low for CD38. The percentages
above the pie chart shows the percent of Stg1 events with

therapeutic modalities.
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general area of minimum residual disease detection.



