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Background: 
Lymphatic System
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Hansen J.T (2018) Netter’ Clinical Anatomy: 4th Edition Philadelphia, Pennsylvania: Elsevier Ovalle WK (2013) Netter’s Essential  Histology Philadelphia, Pennsylvania:  Saunders



Background: 
Lymph Node Histology
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Nasr M.R (2019) Lymph Node Pathology For Clinicians Cham, Switzerland:  Springer Nature Switzerland AG



Background: 
Lymph Node Histology 
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Normal Diffuse Large B-Cell Lymphoma (DLBCL )
Nasr M.R (2019) Lymph Node Pathology For Clinicians Cham, Switzerland:  Springer Nature Switzerland AG



Background: 
Diffuse Large B-Cell Lymphoma (DLBCL)

§ Highly aggressive cancer
§ Is the most common subtype of 

Non-Hodgkin’s Lymphoma 
(NHL) 

§ Accounts for a quarter of new 
lymphoma cases 

§ 30 to 40 percent of patients will 
relapse after standard 
treatment1

§ 10 percent will be deemed to 
have refractory disease1

§ Heterogenous presentation26

1. Gisselbrecht C et al (2018)  How I manage patients with relapsed/refractory diffuse large B cell lymphoma British Journal of Haematology 182: 633-643 
2. Li S  et al (2018) Diffuse large B-cell lymphoma Pathology 50 (1): 74-87



Clinical  Problem: 
DLBCL Survival Statistics 
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NIH National Cancer Institute (2019) Cancer Stats Facts: NHL- Diffuse Large B Cell Lymphoma (DLBCL) Retrieved from https://seer.cancer.gov/statfacts/html/dlbcl.html



Clinical Problem: 
DLBCL Demographics
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NIH National Cancer Institute (2019) Cancer Stats Facts: NHL- Diffuse Large B Cell Lymphoma (DLBCL) Retrieved from https://seer.cancer.gov/statfacts/html/dlbcl.html



Clinical Problem: 
DLBCL Treatment & Quality of Life
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Common Side Effects of Chemotherapy

Appetite 
Constipation
Nausea  Vomiting

Fatigue 
Weight Loss 
Infection
Hair Loss

Urinary Changes
Mouth Sores
Swallowing 
Chemo Brain

Numbness
Pain
Sexual Function
Fertility 

1. Gisselbrecht C et al (2018)  How I manage patients with relapsed/refractory diffuse large B cell lymphoma British Journal of Haematology 182: 633-643 



Clinical Problem: 
Current Clinical Prognostic Model 

National Comprehensive Cancer Network- International Prognostic Index (NCCN-IPI)3,4
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3. Diffuse Large B- cell Lymphoma Prognosis (NCCN-IPI) [2019] Retrieved from https://qxmd.com/calculate/calculator_311/diffuse-large-b-cell-lymphoma-prognosis-nccn-ipi
4. Zhou Z et al (2014) An enhanced International Prognostic Index (NCCN-IPI) for patients with diffuse large B-cell lymphoma treated in the rituximab era Blood 124(6): 837-842

https://qxmd.com/calculate/calculator_311/diffuse-large-b-cell-lymphoma-prognosis-nccn-ipi


Clinical Problem: 
Issues with NCCN-IPI

§ Given that near half of DLBCL patients present with advanced disease (Stage III/IV), a 
disease specific prognostic model is needed

§ Older age and ECOG  may be a poor prognostic factors as a result of inability to 

tolerate chemotherapy 

§ Lactate Dehydrogenase (LDH) is a non-specific biomarker 

§ The majority of relapses in DLBCL occur within the first 2 years after completion of 
standard treatment

§ Clinical prognostic models, such as NCCN-IPI, are not built to guide treatment by 

design  
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Clinical Need: 
Versatile Prognostic Model

§ The heterogeneity of DLBCL makes it challenging to choose alternative therapies 
outside of standard treatment 

§ Due to the high risk of relapse, a “wait and see” treatment approach is problematic in 
this patient population as it leads to a “trial and error” approach that is detrimental to 
patient quality of life 

§ These challenges demonstrate a clinical need for: A versatile prognostic model with 
the ability to predict clinical outcomes and guide treatment at initial staging of 
disease 
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Approach: Positron Emission 
Tomography (PET)
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Committee on State of the Science of Nuclear Medicine(2007) Advancing Nuclear Medicine Through Innovation Washington, D.C. :  The National Academies Press



Positron Emission Tomography (PET):
Principle  
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Masdeu J.C.  (2016) Handbook of Clinical Neurology , Neuroimaging, Part I  Amsterdam, Netherlands :  Elsevier B.V. 



Positron Emission Tomography (PET): 
Workflow

15
5.  Barrington S.F et al (2016)  PET Scans for Staging and Restaging in Diffuse Large B-Cell and Follicular Lymphomas Current Hematologic Malignancy Reports 11: 185-195



Positron Emission Tomography (PET): 
Staging of Disease 

16



Prognostic Model:
Radiomics 
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• Definition: Radiomics is predicated on the beliefs that these images reflect underlying 
pathophysiologies, and that they can be converted into mineable data for improved 
diagnosis, prognosis, prediction, and therapy monitoring7.

Example of Radiomic Features8

7. Napel S et al (2018)  Quantitative imaging  of cancer in the postgenomic era: Radio (geno) mics, deep learning, and habitats Cancer 124(24): 4633-4649
8. Xiong J et al (2018)  The Role of PET-Based Radiomic Features in Predicting  Local Control of Esophageal Cancer treated with Concurrent Chemoradiotherapy Scientific Reports 8: 9902



Prognostic Model:
Selection of Lymph Node
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Prognostic Model: 
Feature Extraction Pipeline 
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Prognostic Model: 
Purpose Use for Stratification

§ The clinical outcome is 2-Year 
Progression Free Survival (2-yr PFS)

§ The prognostic model will be able to 
group patients based on whether or 
not they achieve 2-yr PFS

§ Will compare the molecular pathology, 
clinical prognostic scores, 
demographics, and risk factors 
between the two subgroups 

§ Will allow for the isolation of non-
imaging attributes that can possibly 
guide treatment
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2.      Li S  et al (2018) Diffuse large B-cell lymphoma Pathology 50 (1): 74-87

Molecular Marker of DLBCL2



Patient Cohort: 
Stanford Hospital and Clinics (SHC)

§ SHC is a referral center
§ Stanford Research Repository 

(STARR) system used to isolate 
DLBCL patients based on ICD Code

§ Overall Hits: ~2400 
§ Unique Patients:~1900 pts 
§ Patients meeting Inclusion Criteria: 

– 110 Patients

–5.8 percent yield 
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§ Inclusion Criteria 
1. Must have a confirmed 

diagnosis of DLBCL 
2. Must have an accessible 

pretreatment PET scan
3. Must have clinical follow up for 

at least 2 years



Segmentation Approach: 
MIM Software Gradient Based PET 
Edge

§ Commercial Software 
§ Semi-Automated Approach
§ Largest Lesion Selected
§ Standardized Algorithm
§ Independent of Thresholds
§ Integrated into clinical software 
§ Minimal Interruption in Workflow 
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Feature Extraction: 
PyRadiomics

§ Out of the 110 patients that met 
inclusion criteria, radiomic features 
were extracted from 85 patients
– 77 percent yield
– Breakdown of Clinical Outcome

§ 26 patients Relapsed
§ 59 patients achieved 2 yr PFS  

§ 910 radiomic features were extracted 
from each patient using PyRadiomics

§ Least Absolute Shrinkage and 
Selection Operator (LASSO) 
regression analysis applied to help 
with variable selection
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Preliminary Results: 
LASSO Regression Analysis
§ Algorithm ran 1000 times
§ 5 Fold Cross Validation 
§ Variables with the Greatest 

Frequency were Related to 
Texture properties 

§ Current Issue 
– Sample Size 

§ Corresponding AUC histogram



Next Steps:
Standardization of Approach 
Factors Strategy

Sample Size 1. Single Lesion 
2. Increase Number of Lesions
3. Optimize Lesion Size 

Selection of 
Lesion

1. Standardized Quantitative Approach
2. Non Standardized Qualitative Approach 
3. No Criteria

Segmentation 1. Semi- Automated
2. Manual 
3. Fully Automated
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