
Role of Molecular Monitoring in 
Clinical Practice

Andreas Hochhaus, Mannheim



Chromosome 9Chromosome 22

ABL

BCR

5’

3’

1b

1a

a2
a3

a11

5’

3’

e1

e1’
e2’

b1

b5

e19

m-bcr

M-bcr

μ -bcr

e1a2

b2a2

b3a2

e19a2

p190bcr-abl

p210bcr-abl

p230bcr-abl



BCR

e1a2 BCR-ABL

b3a2 BCR-ABL

e19a2 BCR-ABL

e19a2
SD1
e1a2

K562
b3a2

healthy
donor

negative
control MM

Detection of typical and rare BCR-ABL
transcripts by multiplex PCR

Cross et al Leukemia 1994



Leukemia Cells at Presentation,
Relapse, and Remission
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• > 3 logs more sensitive than conventional cytogenetics

• Peripheral blood can be used

• Early detection of relapse after allogeneic SCT.

• Prognostic significance in CCR to IFN α.

• Relationship of MRD level and PFS after imatinib.

• Definition of CMR

Cross et al. Blood. 1993; 82(6): 1929-36.
Corsetti et al. Leukemia. 1998; 12(6): 998-9. 
Hochhaus et al. Blood. 2000; 95(1): 62-6.
Hughes et al. N Engl J Med. 2003; 349(15):1423-32. 
Druker et al. N Engl J Med. 2006; 355(23): 408-17.

Why Use Molecular Monitoring in CML?



Qualitative PCR: Typical and atypical BCR-ABL transcripts
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Relapse free survival on patients
with CCR after IFN-α therapy
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Real time quantitative RT-PCR
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Methods of Expression of 
Molecular Response

Ratios target/standard gene
After standardization of methods and rigorous
control rounds, eg, ratio BCR-ABL/ABL (%)

Lab-specific reference point:
Pooled diagnostic samples,
eg, Δ log ratio BCR-ABL/BCR (%) 

Individual calculation of relative molecular
response:
MRD level after therapy/pretherapeutic level,
eg, individual Δ log ratio BCR-ABL/G6PD (%)



Variability of the Individual
“Pretherapeutic BCR-ABL Level”
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Standardized Log Reduction -
by Laboratory

Hughes et al. ASH, 2002.
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Recommendations for standardization
(Torino, March 2003; San Diego December 2003 and 2004)

Use of 10 ml peripheral blood (~5*107 WBC)
processed within 36 hours

Bedside RNA stabilization for multicenter trials

Standardized EAC (TaqMan) and LightCycler
PCR protocols

Single plasmid dilution series for target and
housekeeping genes

Housekeeping genes for routine use: 
total ABL, BCR or beta-GUS



Pts IFN Sokal M0 M3 M6 M12 M18 M24
(months)

1 0 L
4 0 L
8 9 H
11 29 I
10 29 I
12 29 I
3 32 I
6 33 L
9 63
2 67 L
7 71 L
5 153 I

PCR negativity
Molecular relapse
Imatinib retreatment
Molecular response

Rousselot et al. Blood 2007

CMR = cure?



Disease detectable: Disease undetectable:

BCR-ABL/ABL (%) Negative / [no. of ABL transcripts]

MRD PB Sensitivity = 10/ABL
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Sensitivity Depends on the Quality
of the Individual Sample



Time Failure Subopt Resp Warnings

Diagnosis - -
High risk
Del9q+

ACA in Ph+ cells

3 mos No CHR No CgR

6 mos < CHR
No CgR

< PCgR

12 mos < PCgR < CCgR < MMolR

18 mos < CCgR < MMolR

Anytime

ACA in Ph+ cells
Loss of CHR

Loss of CCgR
Mutation (IM-insensit.)

Loss of MMolR
Mutation (IM-sensit.)

Any BCR-ABL 
transcript level
OCA in Ph- cells

Definition of failure and 
suboptimal response

Baccarani M, et al. submitted 2009.



Rationale for response monitoring

•• Most patients in CP have an excellent Most patients in CP have an excellent 
response to imatinibresponse to imatinib

•• Some patients, however, still progressSome patients, however, still progress

•• Identify patients who will ultimately Identify patients who will ultimately 
experience relapseexperience relapse

•• Early identification of relapse or Early identification of relapse or 
progression provides an opportunity for progression provides an opportunity for 
alternative therapyalternative therapy
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Cumulative Incidence of Patients 
with Major Molecular Response

Months
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Cumulative Incidence of Undetectable
BCR-ABL

Kantarjian et al. Blood. 2003, 2004.
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Survival without AP/BC by cytogenetic 
response at 18 months on 1st-line imatinib

Estimated rate at 60 months
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Druker et al, NEJM 2006



IRIS Study: Event-Free Survival by 
Molecular Response at 18 Months

Baccarani et al. ASH 2006.
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PrimaryPrimary endpointsendpoints in 1in 1stst lineline studiesstudies
•• ImatinibImatinib 400 mg vs.400 mg vs.

•• IFN/IFN/AraCAraC (IRIS)(IRIS) CCR @ 1 CCR @ 1 yearyear

•• ImatinibImatinib 800 mg (TOPS)800 mg (TOPS) MMR @ 1 MMR @ 1 yearyear

•• NilotinibNilotinib (2 (2 dosagesdosages)) MMR @ 1 MMR @ 1 yearyear

•• DasatinibDasatinib CCR @ 1 CCR @ 1 yearyear

•• BosutinibBosutinib CCR @ 1 CCR @ 1 yearyear

• Nilotinib 2x300 mg (Phase II) CCR @ 6 months



PrimaryPrimary endpointsendpoints in 2in 2ndnd lineline studiesstudies

•• ImatinibImatinib 800 mg vs.800 mg vs.

•• DasatinibDasatinib MMR @ 1 MMR @ 1 yearyear



Imatinib 400 mg vs 800 mg in CML-CP: 
Study Design

PFS, OS

N=319 pts

Imatinib 400 mg/day

Imatinib 800 mg/day (400 mg BID)

MMR* at 12 
months

N=157 pts

Detect a difference of 20% for the MMR rate at 12 
months (i.e., from 40% to 60% with a 90% power)

2:1 
randomization

N=476

Total 5 years

476 pts enrolled
103 sites in 19 countries
FPFV 6-05;LPFV 12-06

FPFV, first patient first visit; LPFV, last patient first visit
Data cut-off of December 31st, 2007
*BCR-ABL/control gene ≤0.1% utilizing the International Scale (IS)

• Cytogenetic analysis every 6 months until CCyR, then every 12 months
• Molecular analysis by PCR every month x 3, then every 3 months



Imatinib 400 mg vs 800 mg in CML-CP: 
Time to First MMR* by Treatment Arm

Months Since Randomization

P=0.0038, Log-rank test
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Imatinib 400 mg vs 800 mg in CML-CP: 
MMR Rates Over Time (ITT)
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EFS: 6-Month Landmark Analysis

BCR-ABL % (IS)
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EFS: 12-Month Landmark Analysis
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EFS: 18-Month Landmark Analysis

BCR-ABL % (IS)

<=0.01%
>0.1-1%
>1-10%
>10%

%
 W

ith
ou

t E
ve

nt

0
10
20
30
40
50
60
70
80
90

100

Months Since Start of Treatment
0 12 24 36 48 60 72 84

86%
95%

62%
58%

P = .01

≤0.1% (n = 164)
>0.1-1% (n = 47)
>1-10% (n = 25)
>10% (n = 13)

Hughes et al ASH 2008



33

PFS and EFS according to achievement of 
1% BCR-ABLIS after 18 months

estimated rate 
after 5 yrs

95%
85% p=0.024yes

no

0 12 24 36 48 60 72
0

60

80

100

%
 P

FS
%

 E
FS

Months

92%

76%
p=0.0006

yes

no

n=2490 12 24 36 48 60 72
0

60

80

100



34

PFS and EFS according to achievement of 
0.1% BCR-ABLIS after 18 months
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EHA 2009

Dasatinib 100 mg once daily in CML-CP (034): 3-year follow-up

Months

Landmark analysis of PFS according to response 
at 12 months (100 mg once daily)

MMR vs CCyR: P=0.88

MMR or CCyR vs PCyR: P=0.071

MMR, CCyR, or PCyR
vs other/no CyR: P=0.0089

PFS at 36 months

12 months
MMR
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% 95% CI

Other/no CyR

n
30 92% 82–100
16 93% 79–100
23
33

77% 60–95
63% 44–83

Patients not assessed at the landmark (±1.5 months) or with Ph(–) BCR-ABL(+) disease were excluded
Progression was defined as increasing WBC count, loss of CHR or MCyR,
≥30% increase in Ph(+) metaphases, confirmed AP/BP disease, or death
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Landmark analysis of PFS according to response 
at 12 months (all doses)

Patients not assessed at the landmark (±1.5 months) or with Ph(–) BCR-ABL(+) disease were excluded
Progression was defined as increasing WBC count, loss of CHR or MCyR,
≥30% increase in Ph(+) metaphases, confirmed AP/BP disease, or death
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Sensitive detection of BCR-ABL mutations
Kinase domain mutations associated with imatinib resistance



Value of Q-PCR as a Screen for 
Mutations

>2-Fold Rise in BCR-ABL
YES NO

56 (26%) 158 (74%)

BCR-ABL mutations 34/56 (61%) 1/158 (0.6%)

Acquired resistance
Mutations 31/34 (91%) 1/1
No mutations 13/22 (59%) 1/158 (0.6%)

214 patients with serial Q-PCR tests 

Branford et al. Blood. 2004.



Kantarjian et al., JCO 2009, June 1st

Outcome of patients by increase in Q-PCR



Kantarjian et al., JCO 2009, June 1st



Kantarjian et al., JCO 2009, June 1st

Houston recommendations



Methods to detect and quantify 
BCR-ABL mutations

Specificity Sensitivity

Sequencing non specific ~10%

Restriction digest analysis specific ~2-5%

D-HPLC non specific 0.1-1%

Allele specific PCR specific 0.01%

Sequencing of clones non specific 1-5%



12 monthly

6 monthly 
until CCR 
confirmed

2 weekly 
until CHR 
confirmed

Recommendations by an Expert PanelRecommendations by an Expert Panel

BaccaraniBaccarani et al, Blood;2006;108;1809et al, Blood;2006;108;1809

MMR

3 monthly

Hematologic
response

Cytogenetic
response

Molecular
response



loss of MMR

Recommendations by an Expert PanelRecommendations by an Expert Panel

BaccaraniBaccarani et al, Blood;2006;108;1809et al, Blood;2006;108;1809

3 monthly

Molecular
response

Cyto
response
Mutation 
analysis

no MMR by 18m

5fold rise in          
BCR-ABL
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