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Since CLL is by definition a clonal excess, prolife ration Since CLL is by definition a clonal excess, prolife ration 

must be occurring / have occurred  must be occurring / have occurred  

Therefore, key questions are:Therefore, key questions are:

1.1. With what With what rhythm(srhythm(s ) does proliferation occur?) does proliferation occur?

2.2. How rapid is the proliferation?How rapid is the proliferation?

3.3. Do all cells proliferate?Do all cells proliferate?

�� If so, do they all proliferate at the same rate?If so, do they all proliferate at the same rate?

�� If not, which do proliferate?If not, which do proliferate?

4.4. Where is proliferation occurring?Where is proliferation occurring?

5.5. Does proliferative rate relate to clinical course Does proliferative rate relate to clinical course 
or prognosisor prognosis
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CLL begins long before diagnosisCLL begins long before diagnosis
[in this case ~22 years][in this case ~22 years]
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……but such extrapolations can’t explain but such extrapolations can’t explain 
some patient’s clonal historiessome patient’s clonal histories

LDT = 544 days

Extrapolated Onset = 1955Extrapolated Onset = 1955

Patient's Birth = 1960Patient's Birth = 1960

CLL cell kinetics can be dynamic and change overCLL cell kinetics can be dynamic and change over

time, but what are they at a given point in time?time, but what are they at a given point in time?

Growth rate = birth rate Growth rate = birth rate –– death ratedeath rate
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Stepwise alternating slow, linear growthStepwise alternating slow, linear growth
and log linear growth patternsand log linear growth patterns
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1.1. Collect blood samples for:Collect blood samples for:
�� CD5CD5++CD19CD19++ cellscells

�� PMNsPMNs

�� PlasmaPlasma

2. Extract DNA2. Extract DNA

3.3. Analyze enrichment of Analyze enrichment of 22HH
�� DNADNA

�� PlasmaPlasma

Messmer Messmer et alet al .  J .  J ClinClin Invest 115: 755, 2005Invest 115: 755, 2005
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very rapid equilibrationvery rapid equilibration
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Conclusions derived from study of Conclusions derived from study of in vivoin vivo kineticskinetics

�� BB--CLL cellsCLL cells proliferateproliferate at definable and often appreciable at definable and often appreciable 

levels, with birth rates ranging fromlevels, with birth rates ranging from 0.11 0.11 –– 1.76% of the 1.76% of the 

entire clone per day.entire clone per day.

�� BB--CLL cellsCLL cells diedie at definable and often appreciable levels, at definable and often appreciable levels, 

with death rates ranging fromwith death rates ranging from 0.0 0.0 –– 2.14% of the entire 2.14% of the entire 

clone per day.clone per day.

�� Therefore,Therefore, a significant portion of the clone does not have a significant portion of the clone does not have 

an inherent defect in apoptosisan inherent defect in apoptosis ..
Messmer Messmer et alet al .  J .  J ClinClin Invest 115: 755, 2005Invest 115: 755, 2005
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Representative kinetics among BRepresentative kinetics among B --CLL patientsCLL patients

0 50 100 150 200 250

CLL165

0 50 100 150 200 250

CLL331

0 50 100 150 200 250

CLL394

day

B B = = 0.81%/day0.81%/day
D D = = 0.15%/day0.15%/day

B B = = 1.76%/day1.76%/day
D D = = 1.05%/day1.05%/day

B B = = 1.09%/day1.09%/day
D D = = 2.14%/day2.14%/day

B B = = 0.14%/day0.14%/day
D D = = 0.21%/day0.21%/day

B B = = 0.24%/day0.24%/day
D D = = 0.21%/day0.21%/day

B B = = 0.18%/day0.18%/day
D D = = 0.14%/day0.14%/day

Brisk birth rates Brisk birth rates 

Slower birth ratesSlower birth rates

Messmer Messmer et alet al .  J .  J ClinClin Invest 115: 755, 2005Invest 115: 755, 2005
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Within a clone the CD38pos subset is enriched in cells that 
entered G1 as evidenced by higher Ki67 expression
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Damle Damle et al, et al, Blood 110:3352Blood 110:3352 --3359, 20073359, 2007

[Similar data and messages by [Similar data and messages by 
Rawstron group and Pepper group]Rawstron group and Pepper group]



Cells expressing the highest density of CD38 areCells expressing the highest density of CD38 are

the most enriched in Kithe most enriched in Ki --6767++ cellscells

Damle et al. Blood 110:3352Damle et al. Blood 110:3352 --3359, 20073359, 2007



Deuterium enrichment in plasma and 19+ cells 
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Pepper et al . Leukemia 21:687-696 2007 

CD38CD38++ members more resistant to apoptosis than CD38members more resistant to apoptosis than CD38 --



Cells expressing the highest density of CD38 areCells expressing the highest density of CD38 are

the most enriched in Kithe most enriched in Ki --6767++ cellscells

Damle et al. Blood 110:3352Damle et al. Blood 110:3352 --3359, 20073359, 2007



Telomere lengths similar between CD38Telomere lengths similar between CD38 ++ and CD38and CD38 -- membersmembers

Damle et al. Blood 110:3352Damle et al. Blood 110:3352 --3359, 20073359, 2007
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Conclusions derived from study of Conclusions derived from study of in vivoin vivo kineticskinetics

�� 80% of patients with birth rates >0.35% 80% of patients with birth rates >0.35% 

of the clone per day had active or of the clone per day had active or 

eventually developed progressive disease.  eventually developed progressive disease.  

�� Measurement of clonal kinetics may Measurement of clonal kinetics may 

provide another measure by which clinical provide another measure by which clinical 

progression can be defined or predicted.progression can be defined or predicted.

Messmer Messmer et alet al .  J .  J ClinClin Invest 115: 755, 2005Invest 115: 755, 2005



PatientPatient B %/dB %/d ProgProg RxRx %%MutMut %CD38%CD38 ZAPZAP--7070

400400 1.761.76 YesYes Pre/postPre/post 0.00.0 55 ++++
408408 1.091.09 NoNo NoNo 0.30.3 9898 ++
189189 0.810.81 YesYes Pre/postPre/post 0.3, 6.80.3, 6.8 44 --
472472 0.540.54 YesYes NoNo 0.00.0 99 ++++
169169 0.490.49 YesYes PostPost 5.15.1 55 --
360360 0.480.48 NoNo NoNo 0.30.3 3232 ++++
355355 0.450.45 YesYes Post (2.5 y)Post (2.5 y) 0.00.0 2424 --
336336 0.410.41 YesYes NoNo 2.02.0 22 --
403403 0.390.39 YesYes DuringDuring 0.00.0 6868 ++
282282 0.390.39 YesYes Pre/PostPre/Post 2.42.4 00 ++

321321 0.290.29 NoNo NoNo 0.30.3 66 ++++
418418 0.280.28 NoNo NoNo 4.04.0 1717 --
331331 0.240.24 NoNo NoNo 3.73.7 11 --
332332 0.240.24 YesYes PostPost 1.01.0 5757 ++
107107 0.230.23 NoNo NoNo 6.96.9 11 --
280280 0.220.22 NoNo NoNo -- 11 ++
394394 0.180.18 NoNo NoNo 0.00.0 7272 ++++
109109 0.110.11 NoNo NoNo 7.17.1 2121 --

Brisk birth rates correlate with disease progressio nBrisk birth rates correlate with disease progressio n

National trial through CRC ongoing to confirm this resultNational trial through CRC ongoing to confirm this result


