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Disease Response 
What Are We Looking For?

Navneet Majhail, MD, MS

Assistant Scientific Director

Objectives

Review importance of disease response 
in CIBMTR research
Review examples of disease response 
criteria for CML and lymphomas

Disease Response = Outcomes

One of the most important endpoints 
for transplant research studies
Correlates with overall HCT outcomes 
and survival
Used to classify other outcomes (e.g. 
treatment related mortality)
Accurate assessment of pre-HCT 
response is also very important

Pre-HCT Response and HCT Outcomes

Survival after autologous HCT for 
Hodgkin lymphoma (1998-2006, 

N=5,219)

Survival after HLA-identical sibling donor 
allogeneic HCT for AML with myeloablative 

conditioning (1998-2006, N=7,098)

Accurate Assessment of 
Disease Response is p

Crucial to CIBMTR Studies

Response Reporting Is Not (Always) Easy

Response criteria can be 
ambiguous 
Many acceptable response 
criteria may be available
Response criteria can change 
with time 

www.arztol.com
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General DefinitionsGeneral Definitions
Cytogenetic 
Response

Molecular 
Response

Hematologic Response

Residual disease amount

Partial Remission

Complete 
Remission

Stable Disease

Residual disease amount

Hematologic Response/Remission

Generally used for ALL, AML and CML
Absence of disease in the peripheral 
blood
Absence of disease in the bone 
marrow (on routine morphology and 
stains)

Cytogenetic Response/Remission

Generally used for ALL, AML and CML
May also be used for other diseases 
(e.g. myeloma, CLL, lymphoma)

Chromosomal abnormalities are evaluated
Two common methods

Chromosomal banding
FISH

Chromosomal Banding

Also called ‘routine cytogenetics’
Cell division is arrested in metaphase 
stage
Chromosomes are stained using dyes 
Advantage – entire genome is viewed
Disadvantage – labor intensive, only 
detects major abnormalities 
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CML

Normal male 
karyotype

FISH

Fluorescent in-situ hybridization
Fluorochrome labeled DNA probe is 
applied to cells – visualized by 
fluorescence microscopy

Ad t  b tt  l ti   Advantage – better resolution, more 
sensitive and specific, straightforward 
test
Disadvantage – identifies abnormality 
specific to the probe applied, cannot 
identify other abnormalities

FISH for CML

Normal CML

Molecular Response/Remission

Generally used for CML
May also be used for other diseases 
(e.g. ALL, AML, CLL, lymphoma)

DNA is evaluated 
Polymerase chain reaction (PCR)

Most frequently used molecular test
DNA is amplified many fold
Amplified DNA can be analyzed further 
(e.g. gel electrophoresis)
Extremely sensitive

PCR for CML Complete/Partial Response

Used for diseases that can be ‘measured’
Myeloma, lymphoma, CLL

Assessed by blood tests (e.g. M-protein) 
or imaging studies (e.g. CT or PET)
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Examples
CMLCML

CML

Characteristic feature is Philadelphia 
chromosome t(9;22) leads to formation 
of BCR-ABL

Diagnosis and Disease Assessment

Peripheral blood and/or bone marrow 
counts and morphology
Cytogenetics for t(9;22)

Chromosome banding from bone marrow
FISH for t(9;22) from blood or bone 
marrow

Molecular testing for BCR-ABL
Qualitative or quantitative PCR
PCR’s from different labs are not always 
comparable

CML Natural History

Three disease phases
Chronic phase
Accelerated phase

Many criteria (MD Anderson, Sokal, y ( , ,
WHO)

Blast phase (>20% blasts)
Patients can go from accelerated or 
blast phase to chronic phase (2nd or 
greater chronic phase)

Response Criteria for CML

Complete hematologic response or 
remission (all must be present)

Platelet count <450,000/uL
WBC count <10,000/Ul
No immature neutrophils 
<5% basophils
Spleen not palpable 
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Cytogenetic and Molecular Response

Cytogenetic response/remission
No response - >95% Ph+ cells
Minor response – 36-95% Ph+ cells
Major response – <35% Ph+ cellsj p
Complete response – no Ph+ cells

Molecular response/remission
Major response - >3 log reduction 
Complete response – no BCR-ABL 
transcript detectable

Form 2012 (Pre-HSCT, CML)

**

* Complete hematologic remission or complete molecular remission 

*

Form 2012 (Pre-HSCT, CML)

Continued…

Form 2012 (Pre-HSCT, CML)

Form 2112 (Post-HSCT, CML)

Continued…

Form 2112 (Post-HSCT, CML)
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Form 2112 (Post-HSCT, CML)

Continued…

Form 2112 (Post-HSCT, CML)

Hodgkin and Non-
Hodgkin LymphomaHodgkin Lymphoma

Lymphomas

Malignant hematologic disorders 
characterized by involvement of:

Lymph nodes
Bone marrow
Occasionally, peripheral blood and 
other sites

Response assessment can be challenging
Many lymphoma types with varying 
presentation and patterns of response

Large Number of Lymphoma Types

Form 2018

Diagnosis and Disease Assessment

Lymph node aspiration or biopsy
Peripheral blood counts and morphology
Bone marrow morphology
Flow cytometryy y
Cytogenetics
Molecular testing 
Imaging
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Cytogenetics and Molecular Testing

Chromosome banding/FISH or PCR can be 
done for chromosomal abnormalities or 
gene fusion products

T-cell NHL: t(2;5) ALK/NPM genes
Burkitt’s NHL: t(8;14) MYC/IGH 
Follicular NHL: t(14;18) IGH/BCL2
Mantle cell NHL: t(11;14) IGH/CCND1

Flow Cytometry

Stream of cells can be manipulated (e.g. 
tagged with fluorescent dye) and passed 
through a laser beam

Cells can be separated for counting and 
l ianalysis

Positive result usually correlates with bone 
marrow morphology findings

Residual small (<2%) B-cell clone on flow 
cytometry only in absence of other 
findings unclear significance

Imaging for Staging Lymphoma

Computed tomography (CT)
Positron emission tomography (PET)

18F-glucose (FDG) radio isotope is used 
avidly taken up by lymphoma
More sensitive than CT scan
Different types have varying PET avidity 
(diffuse large B-cell, Hodgkin’s, follicular, 
mantle cell lymphoma are PET avid)

MRI for assessment of specific sites (e.g. 
central nervous system)

PET-CT

Combines PET scan and CT scan

CT PET PET-CT

Lymphoma Response Criteria

Complete remission
No clinical evidence of disease

Typically PET avid lymphomas: post-
therapy residual mass of any size 
should be PET negative
Variably PET avid lymphomas: all 
lymph nodes normal size by CT

No palpable liver or spleen
Bone marrow biopsy should be negative

Cheson et al, J Clin Oncol, 2007:25; 579

Lymphoma Response Criteria

Partial remission
≥50% decrease in lymph node size 
and/or hepatic/splenic nodules 
(sum of the product of diameters)
Typically PET avid lymphomas: PET 
positive in at least one previous site
No new sites of disease
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Lymphoma Response Criteria

Stable disease
Failure to attain CR/PR or progressive 
disease
Typically PET avid lymphomas: PET 
positive at prior sites of disease, no 
new sites of disease

Lymphoma Response Criteria

Progressive disease or relapse
Appearance of new lesions (lymph 
node, bone marrow or other sites) 
50% increase in lymph node size
Increase in PET uptake 

Form 2018 (Pre-HSCT, Lymphoma)

CRU – With use of PET no longerCRU With use of PET, no longer 
included in most recent criteria; 
okay to use if PET scan is not 
done as part of staging workup

Form 2018 (Pre-HSCT, Lymphoma)

* Primary induction failure (PIF): failure to achieve CR or PR with any pre-HSCT therapy;
Sensitive/resistant: response to chemotherapy (if CR/PR sensitive disease) 

*

Form 2018 (Pre-HSCT, Lymphoma) Form 2118 (Post-HSCT, Lymphoma)
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Form 2118 (Post-HSCT, Lymphoma)

Troubleshootingg

Not Sure How to Report Response?

Ask your center director or physician 
taking care of patient
Contact us!!

Provide us with documentation to 
determine appropriate response

Response in Long-term Survivors

Staging studies (e.g. CT, PET, bone 
marrow) may not be repeated 
If no clinical evidence of disease (e.g. 
history and physical exam) can 
l if   ti i  l t  classify as continuing complete 

remission

Remember…

Accurate reporting of response (pre 
and post-HCT) is very important for 
CIBMTR research studies

QUESTIONS?Q


