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BACKGROUND

• Lymphoma classification has expanded; requiring
the integration of tissue morphology,
immunohistochemical markers and genetic
features by an expert haemopathologist to form a
diagnosis.

• This process becomes challenging when patients
display a range of features from different
subtypes – so called ‘edge cases’. It is hoped gene
expression can improve the diagnostic process.

OBJECTIVES

• Investigate:
❖ a ‘pan aggressive B-cell lymphoma’ classifier

derived from a single gene expression panel
❖ its accuracy against conventional diagnostic

tools
❖ its potential utility for classifying those

challenging ‘edge cases’

METHODS
• The HTG EdgeSeq Pan B-Cell Lymphoma Panel measured the expression of 298

genes, selected from published gene signatures for subtypes
• To train and validate the classifiers, 477 samples were used (Table 2). The majority

came from the Haematological Malignancy Research Network (HMRN), a UK
population-based patient cohort (www.hmrn.org). The remaining samples came
from clinical trials and external research groups/hospitals.

• Formalin-Fixed Paraffin-Embedded (FFPE) samples were processed at the
Haematological Malignancy Diagnostics Service in Leeds, UK.

Subtype N

Diffuse Large B-Cell Lymphoma (DLBCL) 193

Molecular High Grade (MHG) 40

Double Hit Lymphoma (DHL) 42

MHG/DHL 18

Primary Mediastinal B-Cell Lymphoma 
(PMBL)

28

Subtype N

Burkitt Lymphoma 28

Burkitt-like 11q (BL -11q) 23

Mantle Cell Lymphoma (MCL) 33

MCL Blastic 35

CCND1-neg MCL 12

Plasmablastic B-cell Lymphoma (PBL) 29

• The broad classification classified samples into the pooled subtypes (Table 3). This
used a Support Vector Machine (SVM) (Figure 4). Minority classes were
oversampled using Synthetic Minority Oversampling Technique (SMOTE).

Table 2: Diagnostic makeup of cases used in the training and validation of algorithms
• For subtype specific prediction, linear predictor scores (LPS) were developed (Figure

3) using Bayes’ rule which takes published gene signatures of subtypes and predicts a
sample’s subtype based on their expression of the signatures.

Broad Classification
(DLBCL, Burkitt, Mantle, PMBL, PBL)

BL –
11q

Burkitt
lymphoma PMBL PBL MCL

DHL –
BCL6

DHL –
BCL2/THL

• Gene signature not available for CCND1-MCL
• Analysis incomplete for MCL Blastic
• MHG already predicted using HTG GEP
• COO already predicted using HTG GEP

RESULTS

Linear 
Predictor 

Score
Sensitivity Specificity

Burkitt Like 
11q

89%
(77-100)

92%
(90-95)

Burkitt 
lymphoma

89%
(75-100)

90%
(88-95)

Mantle Cell 
lymphoma

90%
(88-100)

90%
(88-92)

Primary 
Mediastinal B-
cell lymphoma

82%
(68-90)

95%
(92-97)

Plasmablastic 
B-cell 

lymphoma

100%
(90-100)

95%
(92-97)

Double Hit 
lymphoma –

BCL6

77%
(60-86)

55%
(52-60)

Double Hit 
lymphoma –

BCL2/THL

86%
(77-100)

68%
(63-72)

• Broad classification can discriminate between a variety of
lymphomas with accuracy – including rare subtypes not
commonly presented

• When no threshold is specified, 85-95% of samples are
classified correctly when unseen.

• When a threshold is introduced, for example an 80%
threshold, 92-97% of samples are classified correctly at the
expense of 18-22% of samples not receiving a classification.

• From the LPS (Table 1): MCL, PBL, Burkitt lymphoma and BL-11q are well predicted. DHLs with
BCL2/THL rearrangement were better predicted than DHL-BCL6.

• Classifications for 14/16 edge cases were given, when a minimum probability threshold of 50% was
specified. All 16 cases’ LPS are detailed in heatmap below.

HMDS
Haematological Malignancy Diagnostic Service

Figure 4: Schematic of broad classifier algorithm

Figure 2: Pan aggressive B-cell lymphoma classifier
components

Table 1 : Linear predictor score results: 
median accuracy % (LQ-UQ)
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• A ‘PanB’ GEP classification algorithm can:
❖ aid diagnosis of complex edge cases
❖ provide a mechanism for triage of new cases
❖ stratify patients in clinical trials

Pooled 
Subtype

Containing

DLBCL
DLBCL, MHG, DHL, 
MHG/DHL

Mantle
MCL, MCL Blastic, 
CCND1-neg MCL

Burkitt
Burkitt lymphoma, BL 
11q

PMBL PMBL

PBL PBL

Table 3: Pooled classes for broad classification

• For uncertainty, user-defined thresholds can be introduced so classification is only
given when the probability of the respective classification is above the threshold.

Figure 3: Linear predictor score classification of ‘edge cases’
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• A two-stage classification algorithm was developed; a ‘broad’ classification using
machine learning and a subtype-specific classification using gene signatures.

Figure 1: Relative 5-year
survival for large B-cell
lymphoma subtypes
(hmrn.org)


